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ABSTRACT
Herein is described a nanobody against human serum albumin, which consists of 4 framework regions,
FR1 to FR4 respectively, and 3 complementarity determining regions, CDR1 to CDR3 respectively, in
which: CDR1 comprises amino acid sequence SFGMS of SEQ ID NO:36; CDR2 comprises amino acid
sequence SISGSGSDTLYADSVKG of SEQ ID NO:40; and CDR3 comprises amino acid sequence
GGSLSR of SEQ ID NO:438. |
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IMPROVED NANOBODIES AGAINST HUMAN SERUM ALBUMIN

The present invention relates to improved Nanobodies™ against Tumor Necrosis Factor-
alpha (TNF-alpha), as well as to polypeptides comprising or essentially consisting of one or more
of such Nanobodies. [Note: Nanobody™, Nanobodies™ and Nanoclone™ are trademarks of
Ablynx N.V.]

The invention also relates to nucleic acids encoding such Nanobodies and polypeptides; to
methods for preparing such Nanobodies and polypeptides; to host cells expressing or capable of
expressing such Nanobodies or polypeptides; to compositions comprising such Nanobodies,
polypeptides, nucleic acids or host cells; and to uses of such Nanobodies, such polypeptides, such
nucleic acids, such host cells or such compositions, in particular for prophylactic, therapeutic or
diagnostic purposes, such as the prophylactic, therapeutic or diagnostic purposes mentioned below.

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

WO 04/041862 by applicant relates to Nanobodies against TNF—alpha and to the
preparation and use thereof, in particular for the prevention and/or treatment of diseases and
disorders associated with and/or mediated by TNF-alpha, such as inflammation, rheumatoid
arthritis, Crohn's disease, ulcerative colitis, inflammatory bowel syndrome, multiple sclerosis,
addison's disease, autoimmune hepatitis, autoimmune parotitis, diabetes type 1, epididymitis,
glomerulonephritis, Graves' disease, Guillain-Barre syndrome, Hashimoto's disease, hemolytic
anemia, systemic lupus erythematosus, male infertility, multiple sclerosis, myasthenia gravis,
pemphigus, psoriasis, rheumatic fever, theumatoid arthritis, sarcoidosis, scleroderma, Sjogren's
syndrome, spondyloarthropathies, thyroiditis, and vasculitis.

The anti-TNF Nanobodies according to WO 04/041862 may be humanized and may be
monovalent or multivalent, the latter of which leads to increased affinity for TNF. The anti-TNF
Nanobodies™ according to WO 04/041862 may also be multispecific, and may in particular be in
the form of a multispecific construct comprising two or more Nanobodies against TNF and a
further Nanobody directed against a serum protein such as human serum albumin, which leads to
an increased half-life in vivo.

WO 04/041862 also relates to methods for the preparation of the anti-TNF Nanobodies, to

nucleic acids or constructs encoding the anti-TNF Nanobodies, as well as
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to pharmaceutical compositions comprising the anti-TNF Nanobodies, which may be suitable for
intravenous, subcutaneous, oral, sublingual, topical, nasal, vaginal or rectal administration, or for
administration by inhalation. The anti-TNF Nanobodies according to WO 04/041862 may also
be used for diagnostic purposes, optionally in the form of a kit-of-parts.

EP 0486 526 describes TNF-alpha binding ligands against a specific epitope of TNF,
Among the binding ligands, single domain antibodies ("dAbs") are mentioned.

Reiter et al., J. Mol. Biol. (1999), 290, 685-698 describe single domain antibodies against
TNF-alpha obtained from a randomized phage display library that was generated starting from a
VH domain scaffold from a mouse hybridoma.

WO 00/29004 describes murine single domain antibodies ("microbodics") against TNF-
alpha. v

WO 04/003019 inter alia describes ligands comprising a first binding domain against
TNF-alpha and a second binding domain against a serum protein such as serum albumin.

Described herein are Nanobodics against TNF -alpha; in particular against human TNF-
alpha.

Described herein are Nanobodies against TNF-alpha, in particular against human TNF-
alpha, and to provide proteins or polypeptides comprising the same, that are suitable for
therapeutic and/or diagnostic use, and in particular for the prevention, treatment and/or diagnosis
of one or more diseases and disorders associated with and/or mediated by TNF-alpha such as
those mentioned above, and/or that can be used in the preparation of a pharmaceutical
composition for the prevention and/or treatment of one or more diseases associated with and/or
mediated by TNF-alpha, such as those mentioned above.

More in particularly, described herein are Nanobodies against TNF-alpha, and to provide
proteins and polypeptides comprising the same, that are either an alternative to the Nanobodies
and polypeptides against TNF-alpha described in WO 04/041862 and/or that have one or more
improved properties or characteristics, compared to the Nanobodics and polypeptides against
TNF-alpha described in WO 04/041862.

More in particularly, described herein are Nanobodies against TNF-alpha, and to provide

proteins or polypeptides comprising the same, that are
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improved compared to the Nanobodies and polypeptides against TNF-alpha described in

WO 04/041862 with respect to one or more of the following properties or characteristics:

increased affinity for TNF-alpha, 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 in WO 04/041862 or
hereinbelow);

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

better suitability for formatting in a multispecific format (for example one of the
multispecific formats described in WO 04/041862 or hereinbelow);

improved suitability or susceptibility for “humanizing” substitutions (as defined
herein); and/or

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 in WO 04/041862 or hereinbelow) in a
monovalent format;

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 in WO 04/041862 or hereinbelow) in a
monovalent format;‘

increased specificity towards TNF-alpha, 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 in WO 04/041862 or
hereinbelow) in a monovalent format,

decreased or where desired increased cross-reactivity with TNF-alpha from different

specics;

and/or

one or more other improved properties desirable for pharmaceutical use (including
prophylactic use and/or therapeutic use) and/or for diagnostic usc {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 one of the multispecific formats described in WO 04/041862 or

hereinbelow).
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Nanobodies, proteins and polypeptides are described herein. These Nanobodies are also
referred to herein as "Nanobodies of the invention"; and these proteins and polypeptides arc also
collectively referred to herein "polypeptides of the invention™.

Since the Nanobodies and polypeptides described herein are mainly intcnded for
therapeutic and/or diagnostic use, they are directed against (as defined herein) human TNF-
alpha. It is however not excluded (but also not required) that Nanobodies and polypeptides
described herein show cross-reactivity with TNF-alpha from one or more other species of warm-
blooded animals, for example with TNF-alpha from one or more other species of primates and/or
with TNF-alpha 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 TNF-alpha (such as the species and animal models
mentioned herein). In this respect, it will be clear to the skilled person that such cross-reactivity,
when present, may have advantages from a drug development point of view, since it allows the
Nanobodies and polypeptides against human TNF-alpha to be tested in such disease models.

The present invention is in its broadest sensc also not particularly lirnited to or defined by
a specific antigenic determinant, epitope, part, domain, subunit or confirmation (where
applicable) of TNF-alpha against which the Nanobodies and polypeptides of the invention are
directed. »

However, in a preferred embodiment, the Nanobodies, proteins or polypeptides described
herein are directed against and/or can bind to an epitope of TNF-alpha that lies in and/or forms
part of the TNF receptor binding site(s) (e.g. the binding sites for the TNF-RI, THF -RII, also
known as p55 or p75). As is well known in the art, a TNF trimer comprises three receptor
binding sites, which are essentially equivalent and which are formed byfat the interface of two
TNF monomers within the TNF trimer. For example, the Nanobodies, proteins or polypeptides .
described herein are preferably directed against and/or can bind to an epitope of TNF-alpha that
comprises the following amino acid residues of TNF-alpha: GIn at position 88, Lys at position
90, and/or Glu at position 146).

In particular, the Nanobodies, proteins or polypeptides described herein are directed
against and/or can bind to an epitope of the TNF-alpha trimer, which lies in and/or forms part of
the TNF receptor binding site(s). For example, the Nanobodies, proteins or polypeptides

described hercin may be directed against and/or can bind to an



5

20

25

30

CA 2962819 2017-03-30

-5-

epitope of the TNF-alpha trimer that comprises the following amino acid residues: Gln at
position 88 and Lys at position 90 on a first TNF monomer (referred to hercin as
“monomer A”), and Glu at position 146 on a second TNF monomer (referred to herein as
“monomer B”) (in which Monomer A and Monomer B together, in the TNF trimer, form
the TNF receptor binding site(s)).

More particularly, the Nanobodies, proteins or polypeptides described herein may
be directed against and/or can bind to an epitope of the TNF-alpha trimer that comprises
the aforementioned amino acids (Gln at position 88 in monomer A; Lys ar position 90 in
monomer A and Glu at position 146 in monomer B), and in addition at least one,
preferably two or more, more preferably 5 or more, and preferably all or essentially all, of
the following amino acid residues of TNF-alpha monomer A: Gly at position 24, Gln at
position 25, Thr at position 72, His at position 73, Val at position 74, Leu at position 75,
Thr at position 77, Thr at position 79, Ile at position 83, Thr at position 89, Val at position
91. Asn at position 92, lle at position 97, Arg at position 131, Glu at position 135, Ile at
position 136, Asa at position 137, Arg at position 138, Pro at position 139, Asp at position
140 and the following residues in monomer B: Pro at position 20, Arg at position 32, Lys
at position 63, Lys at position 112, 'fyr at position 1135, Ala at position 145, Ser at position
147.

Alternatively, the Nanobodies, proteins or polypeptides described herein may be
directed against and/or can bind to an epitope of TNF-alpha that comprises the
aforementioned amino acids (Gln at position 88 in monomer A; Lys at position 90 in
monomer A and Glu at position 146 in monomer B), and in addition at least one,
preferably two or more, more preferably 5 or more and preferably all or essentially all, of
the followingvamino acid residues of TNF-alpha monomer A: Leu at position 75, Thr at
position 77, Thr at position 79, Ile at position 80, Ser at position 81, Tyr at position 87,
Thr at position 89, Val at position 91, Asn at position 92, Ser at position 95, Ile at position
97, Glu at position 135, lie at position 136, Asn at position 137 and the following residues
in monomer B: Ala at position 33, Ala at position 145, Ser at position 147,

Such epitope can be delineated from structural analysis of the nanobody
crystallized in complex with the TNF molecule, or from other approaches such as epitope
mapping via pepscan analysis.

By comparison, from crystallographic data (not shown), it can be scen that the

Nanobody 3E from WO 04/041862 binds to a different epitope (i.e. an epitope comprising
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Tyr at position 141, Asp at position 140, Gln at position 67, Gly at position 24 and Glu at
position 23) than the preferred epitope of the invention.

Thus, in another aspect, the present invention relates to an immunoglobulin
variable domain (or a suitable fragment thereof) that can bind to an epitope of TNF-alpha
that lies in and/or forms part of the TNF receptor binding site, and preferably to an epitope
that comprises at least one, preferably two or more, and preferably all, of the following
amino acid residues of TNF-alpha: Gln at position 88; Lys at position 90 and Glu at
position 146. Such an immunoglobulin variable domain is preferably a heavy chain
variable domain or a light chain variable domain, and in particular a heavy chain variable
domain, which may be any mammalian heavy chain variable domain, including but not
limited to human heavy chain variable domains, mouse heavy chain variable domains and
Camelid heavy chain variable domains (such as the heavy chain variable domains from
Camelid 4-chain immunoglobulins or the heavy chain variable domains (VHH domains)
from so-called heavy chain antibodies). The immunoglobulin variable domain is
preferably a domain antibody or single domain antibody or suitable for use as a (single)
domain antibody. Most preferably, the immunoglobulin variable domain is a Nanobody
(as defined herein), and some preferred, but non-limiting examples-of Nanobodies that are
suitable for use in this aspect of the invention are PMP1C2 (TNF1, SEQ ID NO:52) and
PMPSF10 (TNF3, SEQ ID NO: 60), as well as humanized and other variants thercof (as
further described herein).

The aforementioned immunoglobulin variable domain may also be humanized (as
for example, and without limitation) described herein with respect to Nanobodies. The
invention also relates to proteins and polypeptides that comprise or essentially consist of
such immunoglobulin variable domains, which may for example be as defined herein.
Altematively, such variable domains may form part of ScFv constructs, dual-specific
constructs, chimeric antibody or antibody structures and other immunoglobulin constructs,
as for example reviewed by Hoogenboom (Nature Biotechnology (1997), 15:125-126).
Preferably, however, the immunoglobulin variable domains directed against the above
epitope are Nanobodies, in which case the proteins and polypeptides comprising such
Nanobodies may be as further described herein.

Thus, some preferred aspects of the invention relate to:

) A Nanobody which is directed against the same epitope on the trimer of TNF-alpha
as Nanobody TNF1 (SEQ ID NO: 52).
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A Nanobody which is directed against the same epitope on the trimer of TNF-alpha
as Nanobody TNF3 (SEQ ID NO: 60).

A Nanobody which is directed against an epitope of the trimer of TNF-alpha that at
least comprises the following amino acid residues: Gln at position 88 in monomer A;
Lys at position 90 in monomer A and Glu at position 146 in monomer B,

A Nanobody which is directed against an epitope ot the trimer of TNF-alpha that
comprises the following amino acid residues: Gln at position 88 in monomer A; Lys
at position 90 in monomer A and Glu at position 146 in monomer B; and that further
comprises at least comprises at least one, prcfcrébly two or more, more preferably S
or more, and preferably all or essentially all, of the following amino acid residues of
TNF-alpha monomer A: Gly at position 24, Gln at position 25, Thr at position 72,
His at position 73, Val at position 74, Leu at position 75, Thr at position 77, Thr at
position 79, lle at position 83, Thr at position 89, Val at position 91. Asn at position
92, lle at position 97, Arg at position 131, Glu at position 135, Ile at position 136,
Asn at position 137, Arg at position 138, Pro at position 139, Asp at position 140
and the following residues in monomer B: Pro at position 20, Arg at position 32, Lys
at position 65; Lys at position 112, Tyr at position 115, Ala at position 145, Ser at
position 147. .

A Nanobody which is directed against an epitope of the trimer of TNF-alpba that
comprises the following amino acid residues: Gln at position 88 in monomer A; Lys
at position 90 in monomer A and Glu at poéition 146 in monomer B; and that further
comprises at least one, preferably two or more, more preferably 5 or more, and
preferably all or essentially all, of the following amino acid residues of TNF-alpha
monomer A Leu at position 75, Thr at position 77, Thr at position 79, Ile at position
80, Ser at position 81, Tyr at position 87, Thr at position 89, Val at position 91, Asn
at position 92, Ser at position 95, Ile at position 97, Glu at position 135, Ile at
position 136, Asn at position 137 and the following residues in monomer B: Ala at
position 33, Ala at position 145, Ser at position 147.

A Nanobody in accordance with any of of I) to V) above, which has a Ky rate for
TNF of better than 2.107(1/s), preferably better than 1,107,

A Nanobody in accordance with any one of 1) to V) above , which has an EC50
value in the cell-based assay using KYM cells described in Example 1, under 3), of

WO 04/041862 that is better than the EC50 value of Nanobody VHH 3E (SEQ ID
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NO:4) of WO 04/041862 in the same assay; or a humanized variant of such a
Nanobody.

A Nanobody in accordance with any one of I) to V) above , which has an EC50
value in the cell-based assay using KYM cells described in Example 1, under 3), of
WO 04/041862 that is better than 12nM; or a humanized variant of such a
Nanobody..

A Nanobody 1n accordance with any one of ) to V) above , which has an ECS0
value in the cell-based assay using KYM cells described in Example 1, under 3), of
WO 04/041862 that is better than 5aM; or a humanized variant of such a Nanobody..
A Nanobody in accordance with any one of ) to V) above , which has an EC50
value in the cell-based assay using KYM cells descnibed in Example 1, under 3), of
WO 04/041862 that is better than 3nM; or a humanized varant of such a Nanobody..
A Nanobody in accordance with any one of I) to V) above , which is a humanized

Nanobody.

and some preferred aspects of this embodiment relate to:

A Nanobody in accordance with any one of I) to V) above , which is a GLEW-lass
Nanobody. '

A Nanobody in accordance with any one of I) to V) above , which is a humanized
GLEW-class Nanobody.

A Nanobody in accordance with any one of I) to V) above , which contains an
arginine residue (R) at position 103.

A Nanobody in accordance with any one of I} to V) above ,which contains an
arginine residue (R) at position 103, and which is humnanized

A Nanobody in accordance with any one of I) to V) above , which is a GLEW-class
Nanobody, and which contains an arginine residue (R) at position 103, and which is
humanized.

A Nanobody in accordance with any one of I) to V) above , which contains a leucine
residue (L) at position 108.

A Nanobody in accordance with any one of [} to V) above , which has at least 80%,
preferably at least 90%, more preferably at least 95%, even more preferably at least
99% sequence 1dentity (as defined herein) with one of the amino acid sequences of
SEQ ID NO’s 52 (TNF1), 76 (TNF13), 77 (TNF14), 95 (TNF29) or 96 (TNF30)

A Nanobody in accordance with any one of I) to V) above , in which
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a)  CDRI comprises:

and

the amino acid sequence DYWMY; or

an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence DYWMY; or

an amino acid sequences that has 2 or only 1 amino acid difference(s)

with the amino acid sequence DYWMY;

b)  CDR2 comprises:

and

the amino acid sequence EINTNGLITKYPDSVKG; or

an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence
EINTNGLITKYPDSVKG; or

an amino acid sequences that has 2 or only 1 amino acid difference(s)

with the amino acid sequence EINTNGLITKYPDSVKG:;

c}  CDR3 comprises:”

the amino acid sequence SPSGFN; or

an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence SPSGFN: or

an amino acid sequences that has 2 or only | amino acid difference(s)

with the amino acid sequence SPSGFN.

A Nanobody in accordance with any one of I) to V) above , in which CDRI

comprises the amino acid sequence DYWMY,

A Nanobody in accordance with any one of I) to V) above , in which CDR2
comprises the amino acid sequence EINTNGLITKYPDSVKG.

A Nanobody in accordance with any one of I) to V) above , in which CDR3

comprises the amino acid sequence SPSGFN

A Nanobody in accordance with any one of I) to V) above , in which:

- CDR1 comprises the amino acid sequence DYWMY; and CDR3 comprises

the amino acid sequence SPSGFN; or
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- CDRI compnses the amino acid sequence DYWMY; and CDR2 comprises
the amino acid sequence EINTNGLITKYPDSVKG: or
- CDRZ comprises the amino acid sequence EININGLITKYPDSVKG:; and

CDR3 comprises the amino acid sequence SPSGFN

A Nanobody in accordance with any one of [) to V) above | in which CDR]

comprises the amino acid sequence DYWMY; and CDR3 comprises the amino acid

sequence SPSGFN.
A Nanobody in accordance with any one of I) to V) above , in which CDR1

comprises the amino acid sequence DYWMY; CDR2 comprises the amino acid

sequence EINTNGLITKYPDSVKG and CDR3 comprises the amino acid sequence

SPSGFN.

A Nanobody in accordance with any one of I) to V) above, in which

a) CDRI1is:

the amino acid sequence DYWMY'; or

an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence DY WMY; or

an amino acid sequences that has 2-or only.1 amino acid difference with

the amino acid sequence DYWMY;

and in which:

by CDR2is:

the amino acid sequence EINTNGLITKYPDSVKG; or

an amino acid sequence that has at leasf 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence
EINTNGLITKYPDSVKG; or

an amino acid sequences that has 2 or only 1 amino acid difference(s)
with the amino acid sequence EINTNGLITKYPDSVKG;

and m which

¢} CDR3is:

the amino acid sequence SPSGFN; or
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- an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, cven more preferably at least 99%
sequence identity with the amino acid sequence SPSGFEN; or

- an amino acid sequences that has 2 or only 1 amino acid difference with
the amino acid sequence SPSGFN.

A Nanobody in accordance with any one of I) to V) above , in which CDR1 is the

amino acid sequence DYWMY.

A Nanobody in accordance with any one of I) to V) above , in which CDR2 is the

amino acid sequence EINTNGLITKYPDSVKG.

A Nanobody in accordance with any one of I) to V) above , in which CDR3 is the

amino acid sequence SPSGFN

A Nanobody in accordance with any one of I) to V) above , in which:

- CDRI1 is the amino acid sequence DYWMY; and CDR3 is the amino acid
sequence SPSGFN; or

- CDR1 is the amino acid sequence DYWMY; and CDR2 is the amino acid
sequence EINTNGLITKYPDSVKG; or

- CDR2 is the amino acid sequence EINTNGLITKYPDSVKG; and CDR3 is the

- amino acid sequence SPSGFN

A Nanobody in accordance with any one of I) to V) above , in which CDRI is the

amino acid sequence DYWMY; and CDR3 is the amino acid sequence SPSGFEN.

A Nanobody in accordance with any one of I) to V) above , in which CDR] is the

amino acid sequence DYWMY; CDR2 is the amino acid sequence

EINTNGLITKYPDSVKG and CDR3 is the amino acid sequence SPSGFN,

A Nanobody in -accordance with any one of I) to V) above , in which

- any amino acid substitution is preferably a conservative amino acid
substitution; and/or _

- said amino acid sequence preferably only contains amino acid substitutions,

and no amino acid deletions or insertions, compared to the above amino acid

sequence(s).

and some other preferred aspects of this embodiment relate to:

A Nanobody in accordance with any one of I) to V) above , which is a KERE-class

Nanobody
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A Nanobody in accordance with any one of I) to V) above , which i1s a humanized

KERE-class Nanobody

A Nanobody in accordance with any one of I) to V) above , which has at lcast 80%,

preferably at least 90%, more preferably at least 95%, even more preferably at least

99% sequence identity (as defined herein) with one of the amino acid sequences of

SEQ ID NO’s 50 (TNF3), 83 (TNF20), 85 (TNF21), 85 (TNF22), 96 (TNF23) or 98

(TNF33).

A Nanobody in accordance with any one of I) to V) above , in which

CDRI1 1s:

a)

and
b)

and

the amino acid sequence NYYMG; or

an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence NYYMG; or

an amino acid sequences that has 2 or only 1 amino acid difference with

the amino acid sequence NYYMG;

CDR2 is:

the amino acid sequence NISWRGYNIY-YKDSVKG; or

an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence
NISWRGYNIYYKDSVKG; or

an amino acid sequences that has 2 or only 1 amino acid difference(s)

with the amino acid sequence NISWRGYNIYYKDSVKG;

CDR3 1s:

the amino acid sequence SILPLSDDPGWNTY; or

an amino acid sequence that has at lcast 80%, preferably at lcast 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence SILPLSDDPGWNTY;
or

an amino acid sequences that has 2 or only 1 amino acid difference with

the amino acid sequence SILPLSDDPGWNTY.
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- A Nanobody in accordance with any one of I) to V) above , in which CDR1 is the

amino acid sequence NYYMG.
- A Nanobody in accordance with any one of I) to V) above , in which CDR2 is the
amino acid sequence NISWRGYNIYYKDSVKG.

- A Nanobody in accordance with any one of I} to V) above , in which CDR3 is the

amino acid sequence SILPLSDDPGWNTY.
- A Nanobody in accordance with any one of I) to V) above | in which:

- CDR1 is the amino acid sequence NYYMG; and CDR3 is the amino acid
sequence SILPLSDDPGWNTY; or

- CDR1 is the amino acid sequence NYYMG; and CDR2 is the amino acid
sequence NISWRGYNIYYKDSVKG; or

- CDR2 is the amino acid sequence NISWRGYNIYYKDSVKG; and CDR3 is
the amino acid sequence SILPLSDDPGWNTY.

- A Nanobody in accordance with any one of I) to V) above , in which CDRI is the

amino acid sequence NYYMG; CDR2 is the amino acid sequence
SILPLSDDPGWNTY and CDR3 is the amino acid sequence ILPLSDDPGWNTY.
- A Nanobody in accordance with any one of [) to V) above | in which
it any amino acid substitution is preferably a conservative amino: acid.
substitution; and/or
- said amino acid sequence preferably only contains amino acid substitutions,
and no amino acid deletions or insertions, compared to the above amino acid
sequence(s).
and with yet some other particularly preferred aspects being:
VI) A protein or polypeptide, which comprises a or esscatially consists a Nanobody in
accordance with any one of I) to V) above .
VII) A protein or polypeptide, which comprises or essentially consists of at least one

Nanobody in accordance with any one of I) to V) above .

* VIII) A protein or polypeptide, which comprises two Nanobodics in accordance with any

one of I} to V) above .
IX) A protein or polypeptide, which comprises two Nanobodies in accordance with any
one of I) to V) above , and which is such that said protein or polypeptide, upon

binding to a TNF trnimer, is capable inhibiting or reducing the TNF receptor
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crosslinking that is mediated by said TNF trimer and/or the signal transduction that
is mediated by such receptor crosslinking..

A protein or polypeptide, which comprises two Nanobodies in accordance with any
one of I) to V) above , and which is capable of intramolecular binding to at least two
TNF receptor binding sites on a TNF trimer.

A protein or polypeptide, which comprises two Nanobodies in accordance with any
one of I) to V) above , linked via a suitable linker.

A protein or polypeptide, which comprises two Nanobodies in accordance with any

one of I) to V) above , linked via a suitable linker, and which is pegylated.

X1IT) A protein or polypeptide which comprises two Nanobodies in accordance with any

one of I) to V) above , and which further comprises at least one Nanobody directed

against human serum albumin.

XIV) A protein or polypeptide which comprises iwo Nanobodies in accordance with any

XV)

one of I) to V) above , and which further comprises at least one Nanobody directed
against human serum albumin, and which is such that said protein or polypeptide,
upon binding to a TNF trimer, is capable inhibiting or reducing the TNF receptor
crosslinking that is mediated by said TNF trimer and/or the signal transduction that
is mediated by such receptor erosslinking. . -

A protein or polypeptide which comprises two Nanobodies in accordance with any
one of I) to V) above , and which further comprises at least one Nanobody directed
against human serum albumin and which is capable of intramolecular binding to at

least two TNF receptor binding sites on a TNF trimer.

XVI) A protein or polypeptide which comprises two Nanobodies in accordance with any

one of I) to V) above , and which further compriscs one Nanobody directed against
human serum albumin, in which each of the two Nanobodies in accordance with any
one of I) to V) above is linked, optionally via a suitable linker, to the onc Nanobody

directed against human serum albumin.

XVI1I) A protein or polypeptide which comprises two Nanobodies in accordance with any

one of [) to V) above , and which further comprises one Nanobody directed against
human serum albumin, in which each of the two Nanobodies in accordance with any
one of I) to V) above is linked, optionally via a suitable linker, to the one Nanobody
directed against human serum albumin, and which is such that said protein or

polypeptide, upon binding to a TNF trimer, is capable inhibiting or reducing the
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TNF receptor crosslinking that is mediated by said TNF trimer and/or the signal

transduction that is mediated by such receptor crosslinking. .

XVII) A protein or polypeptide which comprises two Nanobodies in accordance with any
one of I} to V) above, and which further comprises one Nanobody directed against

5 human serum albumin, in which each of the two Nanobodies in accordance with any
one of I) to V) above is iinked, optionally via a suitable linker, to the one Nanobody
directed against human serum albumin, and which is capable of intramolecular
binding to at least two TNF receptor binding sites on a TNF trimer.

- A protein or polypeptide in accordance with any one of VI) to XVIII) abave , In

10 which the at least one Nanobody directed against human serum albumin is a
humanized Nanobody.

- A protein or polypeptide in accordance with any one of VI) to XVIIH) above , in
which the at least one Nanobody directed against human serum albumin is a
humanized variant of the Nanobody ALB 1 (SEQ ID NO: 63).

5 - A protein or polypeptide in accordance with any one of VI) to XVIII) above | in
which the at least one Nanobody directed against human serum albumin is a chosen
from the group consisting of ALB 3 (SEQ ID NO: 87), ALB 4 (SEQ ID NO: 88),
"ALB 5 (SEQ ID NO: 89), ALB 6 (SEQ ID NO: 100), ALB 7 (SEQ ID.NO: 10D,
ALB 8 (SEQ ID NO: 102) ALB 9 (SEQ ID NO: 103) and ALB 10 (SEQ ID NO:
20 104).

- A protein or polypeptide in accordance with any one of VI) to XVIII) above , in
which the at least one Nanobody directed against human serum albumin is ALB 8.

- A protein or polypeptide in accordance with any one of VI) to XVIII) above , which
comprises or esseatially consists of two humanized Nanobodies in accordance with

25 any one of [) to V) above , and one humanized variant of the Nanobody ALB 1

(SEQ ID NO: 63).

It should be noted that when a Nanobody is mentioned above as being “in
accordance with any one of 1) to ¥} above”, it is at least according to one of I) to V), may
be according to two or more of I) to V), and may also include any one or more of the other

30 aspects that are indicated as being “in accordance with any one of I) to V) above.

Similarly, when a protein or polypeptide is mentioned above as being “in accordance with

any one of V1) to XVII) above”, it is at least according to one of VI) to XVI), may be

according to two or more of VI) to XVIII), and may also include any one or more of the
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other aspects that are indicated as being “in accordance with any one of VI) to XVIIT)
above.

It is also within the scope of the invention that, where applicable, a Nanobody or
polypeptide of the invention can bind to two or more antigenic determinants, epitopes,
parts, domains, subunits or confirmations of TNF-alpha. In such a case, the antigenic
determinants, epitopes, parts, domains or subunits of TNF-alpha to which the Nanobodies
and/or polypeptides of the invention bind may be the essentially same (for example, 1f
TNF-alpha contains repeated structural motifs or is present as a multimer) or may be
different (and in the latter case, the Nanobodies and polypeptides of the invention may
bind to such different antigenic determinants, epitopes, parts, domains, subunits of TNF-
alpha with an affinity and/or specificity which may be the same or different). Also, for
example, when TNF-alpha exists in an activated conformation and in an inactive
conformation, the Nanobodies and polypeptides of the invention may bind to either one of
these conformation, or may bind to both these conformations (i.c. with an affinity and/or
specificity which may be the same or different). Also, for example, the Nanobodies and
polypeptides of the invention may bind to a conformation of TNF-alpha in which it is
bound to a pertinent ligand, may bind to a conformation of TNF-alpha in which it not
bound to a pertinent ligand, or may bind to both such conformations (again with an
affinity and/or specificity which may be the same or different).

It is also expected that the Nanobodies and polypeptides of the invention will

" generally bind to all naturally occurring or synthetic analogs, variants, mutants, alleles,

parts and fragments of TNF-alpha, or at least to those analogs, variants, mutants, alleles,
parts and fragments of TNF-alpha that contain one or more antigenic determinants or
epitopes that are essentially the same as the antigenic determinant(s) or epitope(s) to which
the Nanobodies and polypeptides of the invention bind in TNF-alpha (e.g. in wild-type
TNF-alpha). Again, in such a case, the Nanobodies and polypeptides of the invention may
bind fo such analogs, variants, mutants, alleles, parts and fragments with an affinity and/or
specificity that are the same as, or that different from (i.e. higher than or lower than), the
affinity and specificity with which the Nanobodies of the invention bind to {wild-type)
TNF-alpha. It is also included within the scope of the invention that the Nanobodies and
polypeptides of the invention bind to some analogs, variants, mutants, alleles, parts and

fragments of TNF-alpha, but not to others.
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Generally, the Nanobodies and polypeptides of the invention will at least bind to
those forms (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, as TNF-alpha exists in a monomeric form and in multimeric forms, and in
particular in trimeric form, it is within the scope of the invention that the Nanobodies and
polypeptides of the invention only bind to TNF-alpha in monomeric form, or that the
Nanobodies and polypeptides of the invention in addition also bind to one or more of such
multimeric forms, such as the trimeric form of TNF; or may only bind to such a
multimeric (e.g. trimeric) form. Thus, generally, when in this description reference is
made to a Nanobody, protein or polypeptide that is directed to TNF-alpha, it should be
understood that this also comprises Nanobodies directed against TNF-alpha in its trimeric
form (including but not limited to Nanobodies against the receptor binding sites {e.g. the
binding sites for the TNF-RI, THF-RII, also known as p55 or p75) of such a trimer). In all
these cases, the Nanobodies 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 Nanobodies and polypeptides of the invention bind to-TNF-alpha in-its monomeric and
non-associated state.

Also, generally, polypeptides of the invention that contain two or more Nanobodies
directed against TNF-alpha may bind with higher avidity than the corresponding
monomeric Nanobody or Nanobodies.

For example, and without limitation, a multivalent (as defined herein) protein or
polypeptide that contains two or more Nanobodies that arc directed against different
epitopes of TNF-alpha multivalent (as defined herein) protein or polypépn'de that contains
two or more Nanobodies that are directed against different epitopes of TNF-alpha may
bind to TNF-alpha with higher avidity than the corresponding monomers.

More importantly, a multivalent (as defined herein) protein or polypeptide that
contains two or more Nanobodies that are directed against TNF-alpha may {and usually
will) bind with higher avidity to a multimer of TNF-alpha than to a monomer of TNF-
alpha, and will usually also bind with higher avidity than the corresponding monomeric
Nanobodies. In such a multivalent protein or polypeptide, the two or more Nanobodies

may for example be directed against the same epitopes, substantially equivalent epitopes,
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or different epitopes. In one embodiment of such a multivalent protein or polypeptide, the
two or more 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 TNF involves crosslinking by TNF receptors by a trimer of TNF
molecules, which contains .three receptor binding sites (see for example Peppel et al., /.
£xp. Med., 174 (1991), 1483-1489; Engelmann et al., J. Biol. Chem., 265 (1990), 14497,
Smith and Baglioni, J. Biol. Chem., 264 (1989), 14646). For example, as described by
Peppel et al., an engineered monavalent extracellular domain of the TNF receptor - which
was only capable of blocking a single receptor binding site on aTNF trimer - was unable to
prevent crosslinking of the TNF receptors by the remaining two receptor binding sites;
whereas an engineered protein that comprises two such extracellular domains — thus being
capable of blocking two receptor binding sites — provided a striking efficacy compared to
the monovalent extracellular domain.

In the present invention, it has been found that monovalent Nanobodies are capable
of binding to TNF alpha in such a way that the activity of TNF is reduced, both in in vitro
models, in cellular models and in ex vivo models (see the Experimental Section below).
Although the inventionis not-limited to any specific mechanism, explanation or
hypothesis, it is assumed that because of their small size and high affinity for TNF-alpha,
two or three monovalent Nanobodies of the invention are capable of simultaneously
occupying two or three different receptor binding sites on the TNF trimer, thus preveanting
the trimer to initiate receptor crosslinking and thereby to initiate signal transduction
(however, other mechanisms of action are not excluded: for example, depending on the
cpitope against which it is directed, a Nanobody of the invention may also inhibit the
association of TNF 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 TNF-trimer, the proteins or polypeptides of the
present invention that comprises or essentially consists of two or more immunoglobulin
variable domains (or suitable fragments thereof) that are directed against epitopes of TNF-
alpha may bind (c.g. intermolecularly) epitopes on two separate TNF-alpha molecules
{e.g. two separate trimers).

However, according to one particularly preferred embodiment, the invention relates

to a proten or polypeptide that comprises or essentially consists of two or more
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immunoglobulin variable domains (or suitable fragments thereof) that are each directed
against epitopes on TNF-alpha (and in particular of the TNF-alpha trimer) that lie in
and/or form part of the receptor binding site(s) of the TNF trimer, such that said
polypeptide, upon binding to a TNF trimer, is capable inhibiting or reducing the TNF
receptor crosslinking that is mediated by said TNF trimer and/or the signal transduction
that is mediated by such receptor crosslinking,.

In particular, according to this preferred embodiment, the invention relates to a
protein polypeptide that comprises or essentially consist of two or more immunoglobulin
variable domains (or suitable fragments thercof) that are each directed against epitopes on
TNF-alpha (and in particular of the TNF-alpha trimer) that lie in and/or form part of the
receptor binding site(s) of the TNF-trimer, wherein said immunoglobulin variable domains
are linked to each other in such a way that the protein or polypeptide is capable of
simultaneously binding to two or more receptor binding sites on a single TNF trimer (in
other words, is capable of intramolecular binding to at least two TNF receptor binding
sites on a TNF trimer). In this embodiment, the two or more immunoglobulin variable
domains 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 immunoglobulin vafiabledemains may be the
same or different; and may directed against different epitopes within the TNF receptor
binding site(s), but are preferably directed against the same epilope.

In one preferred aspect of this embodiment, the two or more immunoglobulin
variable domains are directed against epitopes of the TNF-alpha trimer, which epitopes lie
in and/or form part of the TNF receptor binding site(s). For example, the two or more
immunoglobulin variable domains are preferably directed against and/or can bind to an
epitope of the TNF-alpha trimer that comprises the following amino acid residues: Gln at
position 88 and Lys at position 90 on a first TNF monomer (referred to herein as
“monomer A”), and Glu at position 146 on a second TNF monomer (referred to herein as
“monomer B”) (in which Monomer A and Monomer B together, in the TNF trimer, form
the TNT receptor binding site(s)).

As further described below in more details with respect to Nanobodies, in such a
protein or polypeptide, the at least two immunoglobulin variable domains arc preferably
linked in such a way that the distance between the N-terminus and the C-terminus of the

two immunoglobulin variable domains present in such a protein or polypeptide is
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preferably at least 50 Angstroms, and more preferably in the region of 55-200 Angstroms,
and more preferably in the region of Angstroms, and in particular in the region of 65-150
Angstroms.

In a particularly preferred aspect of this embodiment, these two or more
immunoglobulin sequences are Nanobodies, and are preferably chosen from the
Nanobodies described herein. Some particularly preferred Nanobodies for use in this
embodiment of the invention are PMP1C2 (TNF1, SEQ ID NO:52) and/or PMPSF10
(TNF3, SEQ ID NO: 60), as well as humanized and other variants thereof (as described
herein); with PMP1C2 (TNF1, SEQ ID NO:52) and its humanized variants being
particularly preferred.

Accordingly, the present embodiment will now be described in more detail with
reference to Nanobodies. However, it will be clear to the skilled person that the tcaching
hercin may be applied analogously to immunoglobulin variable domains.

In this embodiment of the invention, the two or more immunoglobulin sequences
will usually be linked via one or more suitable linkers, which linkers are such that each
immunoglobulin sequence can bind to a different receptor binding site on the same TNF
trimer. Suitable linkers will inter alia depend on (the distance between) the epitopes on the
TNF trimer to which thesimmunoglobulin sequences 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 immunoglobulin 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 two or more (single) domain
antibodies or Nanobodies can each bind to a different receptor binding site on the same
TNF trimer.

Also, when the two or more immunoglobulin sequences that bind to the receptor
binding sites of TNF-alpha are (single) domain antibodies or Nanobodics, they may also
be linked to each other via a third (single) domain antibody or Nanobody (in which the
two or more immunoglobulin sequences 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 half-life, as further described herein. For example, the latter (single)

domain antibody or Nanobody may be a (single) domain antibody or Nanobody that is
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capable of binding to a (human) serum protein such as (human) serum albumin, as further
described herein.

Alternatively, the two or more immunoglobulin sequences that bind to the receptor
binding site(s) of TNF-alpha 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, as decribed above) may be connected directly or via a linker to one of
these two or more aforementioned immunoglobulin sequences. Somec non-limiting
examples of such constructs are the constructs of SEQ ID NOS: 93 or 94.

In particular, it has been found in the invention (see the crystallography data
referred to herein) that, when the Nanobodies present in a multivalent or multispecific
protein or polypeptide of the invention bind to the particular epitope described above
(which is the epitope of TNFI1 and its humanized variants, as well as of TNF3 and its
humanized variants) then preferably, the two (or more) anti-TNF Nanobodies present in
such a protein or polypeptide should be linked in such a way that the distance between the
N-terminus and the C-terminus of two anti-TNF Nanobodies present in such a protein or
polypeptide should preferably be at least 50 Angstroms, and more preferably in the region
of 55-200 Angstroms, and in particular in the region of 65-150 Angstroms (with the upper
limit being less critical, and being chosen for reasons of-convenience, e.g. with a view to
expression/production of the protein); or more generally that said distance should be such
that it allows the protein or polypeptide to undergo intramolecular binding to the TNE-
trimer (i.e. instead of intermolecular binding). The distance between the N-terminus and
the C-terminus of two anti-TNF Nanobodies can be determined by any suitable means,
such as by crystallography or molecular modelling (as described herein). These techniques
generally alse make it possible to determine whether a specific multivalent or
multispecific protein or polypeptide is capable of providing intramolecular modelling.
Alternatively, the present invention also provides a simple e¢xperiment using size-
exclusion chromatography (as described by Santora et al., Anal. Biochem., 299: 119-129)
that can be used to determine whether a given protein or polypeptide of the invention will
(predominantly) provide intramolecular binding to a TNF-trimer or (predominantly)
intermolecular binding between two or morc TNF-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
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the invention that operate via intermolecular binding of separate TNF-alpha 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 Nanobodies against TNF-
alpha (and in particular of the TNF-alpha trimer), in which said Nanobodies are preferably
directed to essentially the same epitope as Nanobody PMP1C2 {as mentioned herein), and
in which said at least two Nanobodies are linked in such a way that the distance the
distance between the N-terminus and the C-terminus of the at least two anti-TNF
Nanobodies is such that the protein or polypeptide is capable of undergoing intramolecular
binding (as described herein) with a TNF-trimer. Preferably, in such a protein or
polypeptide, the distance between the N-terminus and the C-terminus of two anti-TNE
Nanobodies is at least 50 Angstroms, and more preferably in the region of 55-200
Angstroms, and in particular in the region of 65-150 Angstroms.

In such a preferred protein or polypeptide, the two or more 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-TNF Nanobodies can be achieved, and/or as
long as the protein or polypeptide is capable of undergoing intramolecular binding (as
described-hereiny-with a TNF-trimer. . - - -

For example, in its simplest form, the at least two 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-TNF Nanobodies and which may
allow the protein or polypeptide to undergo intramolecular binding (as described herein)
with a TNF-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 14 amino acids, more preferably at least 17 amino acids, such as
about 20-40 amino acid sequence (which, using an average distance of 3.5 Angstrom for
one amino acid, corresponds to linker lengths of 49 Angstroms, 59.5 Angstroms and about
70 Angstroms, respectively; with the maximum amount of amino acids being calculated in
the same way based on the distances mentioned above). Preferably, such an amino acid
sequence should also be such that it allows the protein or polypeptide to undergo
intramolecular binding (as described hercin) with a TNE-trimer.

Thus, in another preferred aspect, the invention provides for a multivalent or

multispecific protein or polypeptide that comprises at least two Nanobodics against TNF-
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alpha (and in particular of the TNF-alpha trimer), in which said Nanobodies are preferably
directed to essentially the same epitope as Nanobody PMPIC2 (as mentioned herein), and
in which said at least two Nanobodies are directly linked to each other using a suitable
linker or spacer such that the distance the distance between the N-terminus and the C-
terminus of the at least two anti-TNF Nanobodies is such that the proteiﬁ or polypeptide is
capable of undergoing intramolecular binding (as described herein) with a TNF-trimer.
Preferably, in such a protein or polypeptide, the distance between the N-terminus and the
C-terminus of two anti-TNF Nanobodies (and thereby the preferred length of the linker or
spacer) is at least 50 Angstroms, and more preferably in the region of 55-200 Angstroms,
and in particular in the region of 65-150 Angstroms.

More preferably, in this preferred aspect, the linker or spacer is an amino acid
sequence that comprises at least 14, preferably at least 17, more preferably at least 20
amino acids (with a non-critical upper limit chosen for reasons of convenience being abut
50, and preferably about 40 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 GS30 linker described herein, which comprises 30
ammo acid residues.

In another embodiment,-the at least two-Nanobodies against TNF-alpha 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-TNF Nanobodies, for example such that the protein or polypeptide can stilt
undergo intramolecular binding (as descnbed herein) with 2 TNF-trimer, In this
embodiment, the at least two Nanobodies may be linked directly to the other moiety, or
using a suitable linker or spacer, apgain 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 (too much) from the binding of the protein or polypeptide to TNF
and/er from the further desired biological or pharmacological properties of the protein or
polypeptide. As such, the motety 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 io the protein or polypeptide.
For example, and without limitation, the moiety may improve the half-life of the protein or

polypeptide, and/or may reduce its immunogenicity or improve any other desired propenty.
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In one preferred embodiment, the moiety may be another Nanobody (including but not
limited to a third Nanobody against TNF-alpha, although this is not necessary and usually
less preferred), and in particular another Nanobody that improves the half-life of the
protein or polypeptide, such as a Nanobody that is directed against a serum protein, for
cxample against human serum albumin. Examples of such proteins and polypeptides are
described herein.

Thus, in onec embodiment, the invention relates to a multivalent multispecific
construct comprising two or more immunoglobulin sequences (or suitable fragments
thereof) that are each directed against epitopes on TNF-alpha (e.g. of the TNF-alpha
trimer) that lic in and/or form part of the receptor binding site, and that are linked to each
other via at least one immunoglobulin sequence that provides for increased half-life (and
optionally via one or more suitable linkers), such that said polypeptide, upon binding to a
TINF trimer, is capable inhibiting or reducing the TNF receptor crosslinking and/or the
signal transduction that is mediated by said TNF trimer. Such a polypeptide may be such
such that said firstmentioned two or more immunoglobulin sequences can each bind to a
different receptor binding site on a TNF trimer.

In particular, in this embodiment, the polypeptide may comprise a trivalent
bispecific Nanobody, that comprises two Nanobodies that are cach directed- against—e
epitopes on TNF-alpha (and in particular of the TNF-alpha 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 increased half-life (e.g. a Nanobody that is directed to
a serum 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 TNF trimer, is capable inhibiting 6r
reducing the TNF receptor crosslinking and/or the signal transduction that is mediated by
said TNF trimer. Such a polypeptide may be such that said firstmentioned two
Nanobodies can each bind to a different receptor binding site on a TNF trimer. Again,
some particularly preferred Nanobodies for use in this embodiment of the invention are
PMPIC2 (TNFI, SEQ ID NO:52) and/or PMPSFI0 (TNF3, SEQ 1D NO: 60), as well as
humanized and other variants thercof (as described herein); with PMP1C2 (TNFI, SEQID
NO:52) and its humanized vanants being particularly preferred; and the Nanobodies
directed against human serum albumin described herein. Some preferred, but non-limiting

constructs of this embodiment of the invention are TNF 24 (SEQ ID NO: 90), TNF 26
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(SEQ ID NO: 92), TNF 27 (SEQ ID NO: 93), TNF 28 (SEQ ID NO: 94), TNF 60 (SEQ
ID NO: 417) and TNF 62 (SEQ ID NO:418), of which TNF 60 is particularly preferred.

Thus, some preferred aspects of this embodiment of the invention relate to:

XIX) A protein or polypeptide that comprises or essentially consists of two or more

XX)

immunoglobulin variable domains (or suitable fragments thereof) that are each
directed against epitopes on TNF-alpha (and in particular of the TNF-alpha trimer)
that lie in and/or form part of the receptor binding site(s) of the TNF tnmer, such
that satd polypeptide, upon bunding to a TNF trimer, is capable inhibiting or
reducing the TNF receptor crosslinking that is mediated by said TNF trimer and/or
the signal transduction that is mediated by such receptor crosslinking..

A protein or polypeptide that comprises or essentially consists of two or more
immunoglobulin variable domains (or suitable fragments thereof) that arc each
directed against epitopes on TNF-alpha (and in particular of the TNF-alpha trimer)
that lic in and/or form part of the receptor binding site(s) of the TNF trimer, such
that said polypeptide is capable intramolecular binding to at least two TNF receptor
binding sites on a TNF trimer.

A protein or polypeptide in accordance with any one of XIX) to XX) abave , in
which said immunoglobulin variable demains 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 TNF trimer.

A protein or polypeptide in accordance with any one of XIX) to XX) above , in
which said immunoglobulin variable domains are capable of binding to the same
epitope as Nanobody TNF1 (SEQ ID NO: 52).

A protein or polypeptide in accordance with any one of XIX) to XX) above , in
which said immunoglobulin variable domains are capable of binding against the
epitope within the TNF receptor binding site of the TNF trimer that at least
comprises the following amino acid residues: Gln af position 88 in monomer A; Lys
at position 90 in monomer A and Glu at position 146 in monomer B.

A protein or polypeptide in accordance with any one of XIX) to XX) above , in
which said immunoglobulin variable domains are capable of binding against the
epitope within the TNF rccepfor binding sitc of the TNF trimer that at least
comprises the following amino acid residues: Gln at position 88 in monomer A; Lys

at position 90 in monomer A and Glu at position 146 in monomer B; and that further
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comprises at least one, preferably two or more, more preferably 5 or more, and
preferably all or essentially all, of the following amino acid residues of TNF-alpha
monomer A: Gly at position 24, Gln at position 25, Thr at position 72, His at
position 73, Val at position 74, Leu at position 75, Thr at position 77, Thr at position
79, lle at position 83, Thr at position 89, Val at position 91. Asn at position 92, Ile at
position 97, Arg at position 131, Glu at position 135, Ile at position 136, Asn at
position 137, Arg at position 138, Pro at position 139, Asp at position 140 and the
following residues in monomer B: Pro at position 20, Arg at position 32, Lys at
position 65, Lys at position 112, Tyr at position 115, Ala at position 145, Ser at
position 147.

A protein or polypeptide in accordance with any one of XIX) to XX) above , in
which said immunoglobulin variable domains are capable of binding against the
epitope within the TNF receptor binding site of the TNF trimer that at least
comprises the following amino acid residues: Gln at position 88 in monomer A; Lys
at position 90 in monomer A and Glu at position 146 in monomer B; and that further
comprises at least one, preferably two or more, more preferably 5 or more, and
preferably all or essentially all, of the following amino acid residues of TNF-alpha
monomer A Leu at position 75, Thr at position 77, Thr-at position 79-He at-pesition
80, Ser at position 81, Tyr at position 87, Thr at position 89, Val at position 91, Asa
at position 92, Ser at position 95, Ile at position 97, Gh at position 135, Ile at
position 136, Asn at position 137 and the following residues in monomer B: Ala at
position 33, Ala at position 145, Ser at position 147.

A protein or polypeptide in accordance with any one of XIX) to XX) above , in
which the at least two immunoglobulin variable domains are linked in such a way
that the distance between the N-terminus of the first immunoglobulin variable
domain and the C-terminus of the second immunoglobulin variable domain present
in such a protein or polypeptide is at least 50 Angstroms.

A protein or polypeptide in accordance with any one of XIX) to XX) above , in
which the distance between the N-terminus of the first immunoglobulin variable
domain and the C-terminus of the second immunoglobulin variable domain is
between 55-200 Angstroms

A protein or polypeptide in accordance with any one of XIX) to XX) above , in

which the distance between the N-terminus of the first immunoglobulin variable
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domain and the C-terminus of the second immunoglobulin variable domain is
between 65-150 Angstroms

A protein or polypeptide in accordance with any one of XIX) to XX) above , in
which the furst and second immunoglobulin variable domain are linked to each other
via a linker or spacer.

A protein or polypeptide in accordance with any one of XIX) to XX) above , in
which the linker or spacer is an amino acid sequence.

A protein or polypeptide in accordance with any one of XIX) to XX) above | in
which the linker or spacer is comprises at least 14 amino acid residues.

A protein or polypeptide in accordance with any one of XIX) to XX) above , in
which the linker or spacer is comprises at least 17 - 50 amino acid residues,

A protein or polypeptide in accordance with any one of XIX) to XX) above | in
which the linker or spacer essentially consists of glycine and serine residues,

A protein or polypeptide in accordance with any one of XIX) to XX) above | in
which the linker or spacer is GS30 (SEQ ID NO: 69).

A protein or polypeptide in accordance with any one of XIX) to XX) above , in
which the first and second immunoglobulin variable domain are linked to each other
via another moiety. E—e—

A protein or polypeptide in accordance with any one of XIX) to XX) above , In
which said other moiety is a protein or polypeptide moiety. :

A protein or polypeptide in accordance with any one of XIX) to XX) above , in
which said other moiety confers at least one desired property to the protein or
polypeptide, or improves at least one desired property of the protein or polypeptide.
A protein or polypeptide in accordance with any one of XIX) to XX) above | in
which said other moiety improves the half-life of the protein or polypeptide and/or
reduces the immunogenicity of the protein or polypeptide.

A protein or polypeptide in accordance with any one of XIX) to XX) above , in
which each of the first and second immunoglobulin variable domain are linked to
said other motety via a linker or spacer.

A protein or polypeptide in accordance with any one of XIX) to XX) above , in
which the linker or spacer is an amino acid sequence.

A protein or polypeptide in accordance with any one of XIX) to XX) above , in

which the linker or spacer essentially consists of glycine and serine residues,
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A protemn or polypeptide in accordance with any one of XIX) to XX) above , 1n
which the said other moiety is a Nanobody:.

A protein or polypeptide in accordance with any one of XIX) to XX) above | in
which the other moiety is a Nanobody directed against human serum albumin.

A protein or polypeptide in accordance with any one of XIX) to XX) above , in
which the at least onec Nanobody directed against human serum albumin is a
humanized Nanobody.

A protein or polypeptide in accordance with any one of XIX) to XX) above , in
which the at least one Nanobody directed against human serum albumin is a
humanized variant of the Nanobody ALB 1 (SEQ ID NO: 63).

A protein or polypeptide in accordance with any one of XIX) to XX) above | in
which the at least one Nanobody directed against human serum albumin is a chosen
from the group consisting of ALB 3 (SEQ ID NO: 87), ALB 4 (SEQ ID NO: 88),
ALB 5 (SEQ ID NO: 89), ALB 6 (SEQ ID NO: 100), ALB 7 (SEQ ID NO: 101),
ALB 8 (SEQ ID NO: 102) ALB 9 (SEQ ID NO: 103) and ALB 10 (SEQ ID NO:
104).

A protein or polypeptide in accordance with any one of XIX) to XX) above , 1n
which the at least one Nanobody directed against human serum-albumia is ALB 8.

A protein or polypeptide in accordance with any one of XIX) to XX) above , in
which the first and second immunoglobulin variable domains are Nanobodies.

A protein or polypeptide in accordance with any one of XIX) to XX) above , in
which the first and second immunoglobulin variable domains are Nanobodies with a
Kot rate for TNF of better than 2.107 (1/s), preferably better than 1.107 (l/s); or a
humanized variant of such a Nanobody.,

A protein or polypeptide in accordance with any one of XIX) to XX) above , in
which the first and second immunoglobulin variable domains are Nanobodies with
an EC50 value in the cell-based assay using KYM cells described in Example 1,
under 3), of WO 04/041862 that is better than the EC50 value of Nanobody VHH 3E
(SEQ ID NO:4) of WO 04/041862 in the same assay; or a humanized variant of such
a Nanobody..

A protein or polypeptide in accordance with any one of XIX) to XX) above | in
which the first and second immunoglobulin variable domains are Nanobodies with

an EC50 value in the cell-based assay using KYM cells described in Example 1,
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under 3), of WO 04/041862 that is better than 120M; or a humanized variant of such
a Nanobody..

A protein or polypeptide in accordance with any one of XIX) 10 XX) above | in
which the first and second immunoglobulin variable domains are Nanobodies with
an EC50 value in the cell-based assay using KYM cells described in Example 1,
under 3), of WO 04/041862 that is better than 5nM; or a humanized variant of such a
Nanobody..

A protein or polypeptide in accordance with any one of XIX) to XX) above , 1n
which the first and second immunoglobulin variable domains are Nanobodies with
an EC50 value in the cell-based assay using KYM cells described in Example 1,
under 3), of WO 04/041862 that is better than 3nM: or a humanized variant of such a
Nanobody..

A protein or polypeptide in accordance with any one of XIX) to XX) above , in
which the first and second immunoglobulin variable domains are Nanobodies in

accordance with any one of XIX) to XX) above , which are humanized;

with some particularly preferred aspects of this embodiment being:

A protein or polypeptide in accordance with any one of XIX) to XX) above , in
which the first~and second immunoglobulin variable domains are GLEW-clasg-
Nanobodics.

A protein or polypeptide in accordance with any one of XIX) to XX) above , in
which the first and second immunoglobulin variable domains are Nanobodies with
an arginine residue (R) at position 103.

A protein or polypeptide in accordance with any one of XIX) to XX) above , in
which the first and second immunoglobulin variable domains are GLEW-class
Nanobodies with an a.rgininc residue (R) at position 103..

A protein or polypeptide in accordance with any one of XIX) to XX) above , in
which the first and second immunoglobulin variable domains are Nanobodies with at
least 80%, preferably at least 90%, more preferably at least 95%, even more
preferably at least 99% sequence identit); (as defined herein) with one of the amino
acid sequences of SEQ ID NO’s 52 (TNF1), 76 (TNF13), 77 (TNF14), 95 {TNF29)
or 96 (TNF30)

A protein or polypeptide in accordance with any one of XIX) to XX) above, in

which the first and second immunoglobulin variable domains are Nanobodies as
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described for the proteins or polypeptides in accordance with any one of XIX) to
XX) in which:
ay  CDRI comprises:
- the amino acid sequence DYWMY; or
- an amino acid sequence that has at lcast 80%, preferably at lcast 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence DY WMY; or
- an ammo acid sequences that has 2 or only 1 amino acid difference(s)
with the amino acid sequence DYWMY;
and
b}  CDR2 comprises:
- the amino acid sequence EINTNGLITKYPDSVKG; or
- an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence
EINTNGLITKYPDSVKG; or
- an amino acid sequences that has 2 or only 1 amino acid difference(s)
“with the amino acid sequence EINFNGLITKYPBS VKG;
and
c) CDR3 comprises:
- the amino acid sequence SPSGFN; or
- an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence SPSGFN; or
- an amino acid sequences that has 2 or only | amino acid difference(s)
with the amino acid sequence SPSGFN.
A protein or polypeptide in accordance with any one of XIX) to XX) above , in
which the first and second immunoglobulin variable domains are Nanobodies as
described for the proteins or polypeptides in accordance with any one of XIX) to
XX) in which CDR1 compnses the amino acid scquence DYWMY.
A protein or polypeptide in accordance with any one of XIX) to XX) , in which the

first and second immunoglobulin variable domains are Nanobodies as described for
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the proteins or polypeptides in accordance with any one of XIX) to XX) in which

CDR2 comprises the amino acid sequence EINTNGLITKYPDSVKG.

A protein or polypeptide in accordance with any one of XIX) to XX) , in which the

first and second immunoglobulin vanable domains are Nanobodies as described for

the proteins or polypeptides in accordance with any one of XIX) to XX) in which

CDR3 comprises the amino acid sequence SPSGEN

A protein or polypeptide in accordance with any one of XIX) to XX) , in which the

first and second immunoglobulin variable domains are Nanobodies as described for

the proteins or polypeptides in accordance with any one of XIX) to XX) in which:

- CDR1 comprises the amino acid sequence DYWMY; and CDR3 comprises
the amino acid sequence SPSGFN; or

- CDRI1 comprises the amino acid sequence DYWMY; and CDR2 comprises
the amino acid sequence EINTNGLITKYPDSVKG; or

- CDR2 comprises the amino acid sequence EINTNGLITKYPDSVKG:; and
CDR3 comprises the amino acid sequence SPSGFN

A protein or polypeptide in accordance with any one of XIX) to XX) , in which the

first and second immunoglobulin variable domains are Nanobodics as described for

“the proteins ot"polypeptides in accordance with any one of XIX) to XX) it which

CDR! comprises the amino acid sequence DYWMY; and CDR3 comprises the

amino acid sequence SPSGFN.

A protein or polypeptide in accordance with any one of XIX) to XX) , in which the

first and second immunoglobulin variable domains are Nanobodies as described for

the proteins or polypeptides in accordance with any one of XIX) to XX} in which

CDRI1 comprises the amino acid sequence DYWMY; CDR2 comprises the amino

acid sequence EINTNGLITKYPDSVKG and CDR3 comprises the amino acid

sequence SPSGFN.

A protein or polypeptide inaccordance with any one of XIX) to XX), in which the

first and second immunoglobulin variable domains are Nanobodies as described for

the proteins or polypeptides in accordance with any one of XIX) to XX) in which

a) CDRI is:

- the amino acid sequence DYWMY; or
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an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence DYWMY: or

an amino acid sequences that has 2 or only 1 amino acid difference with

the amino acid sequence DYWMY;

and in which:

b) CDRZis:

the amino acid sequence EINTNGLITKYPDSVKG; or

an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence
EINTNGLITKYPDSVKG; or

an amino acid sequences that has 2 or only | amino acid difference(s)

with the amino acid sequence EINTNGLITKYPDSVKG;

and in which

c) CDR3is:

the amino acid sequence SPSGFN; or

an amino acid sequence that has-at least-80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence SPSGFN; or

an amino acid sequences that has 2 or only 1 amino acid difference with

the amino acid sequence SPSGFN.

A protein or polypeptide in accordance with any one of XIX) to XX) , in which the

first and second immunoglobulin variable domains are Nanobodies as described for

the proteins or polypeptides in accordance with any one of XIX) to XX) in which

CDR1 1s the amino acid sequence DYWMY.

A protein or polypeptide in accordance with any one of XIX) to XX), in which the

first and second immunoglobulin variable domains are Nanobodies as described for

the proteins or polypeptides in accordance with any one of XIX) to XX) in which

CDR2 is the amino acid sequence EINTNGLITKYPDSVKG.

A protein or polypeptide in accordance with any one of XIX) to XX), in which the

first and second immunoglobulin variable domains are Nanobodies as described for
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the proteins or polypeptides in accordance with any one of XIX) to XX) in which

CDR3 is the amino acid sequence SPSGFN

A protein or polypeptide in accordance with any one of XIX) to XX) , in which the

first and second immunoglobulin variable domains are Nanobodies as described for

the proteins or polypeptides in accordance with any one of XIX) to XX) in which:

- CDRI1 is the amino acid sequence DYWMY; and CDR3 is the amino acid
sequence SPSGFN; or

- CDRI is the amino acid sequence DYWMY; and CDR2 is the amino acid
sequence EINTNGLITKYPDSVKG; or

- CDR2 is the amino acid sequence EINTNGLITKYPDSVKG; and CDR3 is the
amino acid sequence SPSGFN

A protein or polypeptide in accordance with any one of XIX) to XX) , in which the

first and second immunoglobulin variable domains are Nanobodies as described for

the proteins or polypeptides in accordance with any one of X1X) to XX) in which

CDR1 is the amino acid sequence DYWMY; and CDR3 is the amino acid sequence

SPSGFN.
A protein or polypeptide in accordance with any one of XIX) to XX) , in which the

~“first afid second immunoglobulin variable domains are Nanobodies as described for

- the proteins or polypeptides in accordance with any one of XIX) to XX) in which

CDR1 is the amino acid sequence DYWMY; CDR2 is the amino acid sequence

EINTNGLITKYPDSVKG and CDR3 is the amino acid sequence SPSGFN.

A protein or polypeptide 1n accordance with any one of XIX) to XX) , in which the

first and second immunoglobulin variable domains are Nanobodies as described for

the proteins or polypeptides in accordance with any one of XIX) to XX) in which

- any amino acid substitution is preferably a conservative amino acid
substitution; and/or

- said amino acid sequence preferably only contains amino acid substitutions,
and no amino acid deletions or insertions, compared to the above amino acid
sequence(s).

A protein or polypeptide in accordance with any one of XIX) to XX) , in which the

first and second immunoglobulin vanable domains are chosen from the group

consisting of the Nanobody TNF 1 (SEQ ID NO: 52) and humanized variants of the
Nanobody TNF 1 {SEQ ID NO: 52).
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A protein or polypeptide in accordance with any one of XIX) to XX) , in which the
first and second immunoglobulin variable domains are chosen from the group
consisting of TNF 13 (SEQ ID NO: 76), TNF 14 (SEQ ID NO: 77), TNF 29 (SEQ
ID NO: 95) and TNF 30 (SEQ ID NO:96).

A protein or polypeptide in accordance with any one of XIX) to XX), in which the
first and second immunoglobulin variable domains are TNF 30 (SEQ ID NO:96);

and with some particularly preferred aspects of this embodiment being:

A protein or polypeptide in accordance with any one of XIX) to XX), in which the
first and second immunoglobulin variable domains are KERE-class Nanobodies.
A protein or polypeptide in accordance with any one of XIX) to XX), in which the
first and second immunoglobulin vanable domains are Nanobodies with at least
80%, preferably at Ieast 0%, more preferably at least 95%, even more preferably at
least 99% sequence identity (as defined herein) with one of the amino acid
sequences of SEQ ID NO’s 50 (TNF3), 83 (TNF20), 85 (INF21), 85 (TNF22), 96
(TNF23) or 98 (TNF33).
A protein or polypeptide in accordance with any one of XIX) to XX) , in which the
first and second immunoglobulin variable domains are Nanobodies as described for
the proteins or polypeptides in accordance with any one of XIX) to XX} in which:
a) CDRI comprises:
- the amino acid sequence NYYMG; or
- an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even morc preferably at least 99%
sequence identity with the amino acid sequence NYYMG; or
- an amino acid sequences that has 2 or only 1 amino acid difference with
the amino acid sequence NYYMG;
and
b) CDR2 comprises:
- the amino acid sequence NISWRGYNIYYKDSVKG; or
- an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid - sequence

NISWRGYNIYYKDSVKG; or
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- an amino acid sequences that has 2 or only 1 amino acid difference(s)

with the amino acid sequence NISWRGYNIYYKDSVKG;

and
¢}  CDR3 comprises:
- the amino acid sequence SILPLSDDPGWNTY; or
- an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence SILPLSDDPGWNTY;
or -
- an amino acid sequences that has 2 or only 1 amino acid difference with
the amino acid sequence SILPLSDDPGWNTY.
A protein or polypeptide in accordance with any one of XIX) to XX) , in which the
first and second immurnoglobulin variable domains are Nanobodies as described for
the proteins or polypeptides in accordance with any one of XIX) to XXX) in which
CDR1 comprses the amino acid sequence NYYMG. '
A protein or polypeptide in accordance with any one of XIX) to XX), in which the
first and second immunoglobulin variable domains are Nanobodies as described for
the proteins or polypeptides in accordance with any one of XIX) to XX)~in which
CDR2 comprises the amino acid sequence NISWRGYNIYYKDSVKG.
A protein or polypeptide in accordance with any one of XIX) to XX), in which the
first and second immunoglobulin variable domains are Nanobodies as described for
the proteins or polypeptides in accordance with any one of X1X) to XX) in which
CDR3 comprises the amino acid sequence SILPLSDDPGWNTY.
A protein or polypeptide 1n accordance with any one of XIX) to XX), in which the
first and second immunoglobulin variable domains are Nanobodies as described for
the proteins or polypeptides in accordance with any one of XIX) to XX) , in which:
- CDRI1 comprises the amino acid sequence NYYMG; and CDR3 comprises the
amino acid sequence SILPLSDDPGWNTY; or
- CDRI1 comprises the amino acid sequence NYYMG; and CDR2 comprises the
amino acid sequence NISWRGYNIYYKDSVKG; or
- CDR2 comprnises the amine acid sequence NISWRGYNIYYKDSVKG: and
CDR3 comprises the amino acid sequence SILPLSDDPGWNTY.
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A protein or polypeptide in accordance with any one of XIX) to XX), in which the

first and seccond immunoglobulin variable domains are Nanobodies as described for

the proteins or polypeptides in accordance with any one of XIX) to XX), in which

CDRI comprises the amino acid sequence NYYMG; CDR2 comprises the amino

acid sequence SILPLSDDPGWNTY and CDR3 comprises the amino acid sequence

ILPLSDDPGWNTY (SEQ ID NO: 436).

A protein or polypeptide in accordance with any one of XIX) to XX), in which the

first and second immunoglobulin variable domains are Nanobodies as described for

the proteins or polypeptides in accordance with any one of XIX) to XX), in w-hich

CDR1 is:

- the amino acid sequence NYYMG; or

- an amino acid sequence that has at least 80%, preferably at least 90%, more
preferably at least 95%, even more preferably at least 99% sequence identity
with the amino acid sequence NYYMG; or

- an amino acid sequences that has 2 or only 1 amino acid difference with the

amino acid sequence NYYMG;

and - -

CDR2 is:

- the amino acid sequence NISWRGYNIYYKDSVKG; or

- an amino acid sequence that has at least 80%, preferably at least 90%, morc
preferably at least 95%, even more preferably at least 99% sequence identity
with the amino acid sequence NISWRGYNIYYKDSVKG; or

- an amino acid sequences that has 2 or only l-amino acid difference(s) with the
amino acid sequence NISWRGYNIYYKDSVKG;

and

CDR3 is:

- the amino acid sequence SILPLSDDPGWNTY; or
- an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence SILPLSDDPGWNTY:

or
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- an amino acid sequences that has 2 or only 1 amino acid difference with
the amino acid sequence SILPLSDDPGWNTY.,
A protein or polypeptide 1n accordance with any one of XIX) to XX) , in which the
first and second immunoglobulin variable domains are Nanobodies as described for
the proteins or polypeptides in accordance with any one of XIX) to XX), in which
CDRU1 is the amino acid sequence NYYMG.
A protein or polypeptide in accordance with any one of XIX) to XX) , in which the
first and second immunoglobulin variable domains are Nanobodies as described for
the proteins or polypeptides in accordance with any one of XIX) to XX) , in which
CDR2 is the amino acid sequence NISWRGYNIYYKDSVKG. v
A protein or polypeptide in accordance with any one of XIX) to XX) , in which the
first and second immunoglobulin variable domains are Nanobodies as described for
the proteins or polypeptideé in accordance with any onc of XIX) to XX) , in which
CDR3 is the amino acid sequence SILPLSDDPGWNTY.
A protein or polypeptide in accordance with any one of XIX) to XX), in which the
first and second immunoglobulin variable domains are Nanobodies as described for
the proteins or polypeptides in accordance with any one of XIX) to XX) , in which:
- CDR1 is the amino acid sequence NYYMG; and -€DR3 is the-amino acid
sequence SILPLSDDPGWNTY; or
- CDR! is the amino acid sequence NYYMG; and CDR2 is the amino acid
sequence NISWRGYNIYYKDSVKG; or
- CDR2 is the amino acid sequence NISWRGYNIYYKDSVKG; and CDR3 is
the amino acid sequence SILPLSDDPGWNTY,
A protein or polypeptide in accordance with any one of XIX) to XX) , in which the
first and second immunoglobulin variable domains are Nanobodies as described for
the proteins or polypeptides in accordance with any one of XIX) to XX) , in which
CDR1 is the amino acid sequence NYYMG; CDR2 is the amino acid sequence
SILPLSDDPGWNTY and CDR3 is the amino acid sequence ILPLSDDPGWNTY.
A protein or polypeptide in accordance with any one of XIX) to XX}, in which the
first and second immunoglobulin variable domains are Nanobodies as described for
the proteins or polypeprides in accordance with any one of XIX) to XX) , in which

- any amino acid substitution is preferably a conservative amino acid

substitution; and/or
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- satd amino acid sequence preferably only contains amine acid substitutions,
and no amino acid deletions or insertions, compared to the above amino acid
sequence(s).

- A protein or polypeptide in accordance with any one of XIX) to XX) , in which the
first and second immunoglobulin variable domains are chosen from the group
consisting of the Nanobody TNF 3 (SEQ ID NO: 60) and humanized variants of the
Nanobody TNF 3 (SEQ ID NO: 60).

- A protein or polypeptide in accordance with any one of XIX) to XX) , in which the
first and second immunoglobulin variable domains are chosen from the group
consisting of TNF20 (SEQ ID NO:83), TNF21 (SEQ ID NO: 84), TNF 22 (SEQ ID NO:
85), TNF23 (SEQ ID NO: 86) or TNF33 (SEQ ID NO: 99).

It should be noted that when a protein or polypeptide is mentioned above as being

“in accordance with any one of XIX) to XX) above”, it is at least according to one of XIX)

to XX), and may be according to both XIX) and XX)), and may also include any onc or

more of the other aspects that arc indicated as being “in accordance with any one of XIX)

to XX) above”.

However, it should be noted that the mvention i1s not limited to any specific
mechanism- of action or hypothesis. In particular, it has been found that the monovalent
Nanobodies of the invention may be also active in the assays and models described herein,
which confirms that intramolecular binding of be TNF trimer, although preferred in one
specific embodiment of the invention, is not required to obtain the desired action and
effect of the Nanobodies, proteins and polypeptidés described herein. Similarly, it is also
encompassed within the scope of the invention that the proteins and polypeptides
described herein achieve their desired action via any appropriate mechanism (i.e. by
intramotlecular binding, intermolecular binding or even by binding to monomeric TNF,
thus inhibiting the formation of TNF trimers).

It is also within the scope of the invention to use parts, fragments, analogs,
mutants, variants, alleles and/or derivatives of the Nanobodies and polypeptides of the
invention, and/or to use proteins or polypeptides compnsing or essentially consisting of
the same, as long as these are suitable for the uses envisaged herein. Such parts, fragments,
analogs, mutants, variants, alleles, denvatives, proteins and/or polypeptides will be

described in the further description herein.
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In another aspect, the invention relates to a Nanobody (as defined hercin), against

TNF-alpha, which consist of 4 framework regions (FR1 to FR4 respectively) and 3

complementarity determining regions (CDR1 to CDR3 respectively), in which:

®

CDR1 is an amino acid scquence chosen from the group consisting of the CDR1

sequences of SEQ D NOS: 15 to 21 or from the group consisting of the CDR1

sequences of SEQ ID NOS: 164 to 197;

or from 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 at least one of the CDR1 sequences

from the group consisting of SEQ ID NOS: 15 to 21 or with at least one of the

CDRI sequences from the group consisting of SEQ ID NOS: 164 to 197, in which

(1) any amino acid substitution is preferably a conservative amino acid
substitution (as defined herein); and/or

(2) said amino acid sequence preferably only contains amino acid substitutions,
and no amino acid deletions or insertions, compared to the above amino acid
sequence(s);

and/or from the group consisting of amino acid sequences that have 2 or only 1

“amino acid difference(s)” (as defined herein)-with at least-one of the CDRI

sequences from the group consisting of SEQ ID NOS: 15 to 21 or with at least one

of the CDRI sequences from the group consisting of SEQ ID NOS: 164 to 197, in

which:

(1) any ammo acid substitution i1s preferably a conservative amino acid
substitution (as defined herein); and/or

(2) said amino acid sequence preferably only contains amino acid substitutions,
and no amino acid delctions or insertions, compared to the above amino acid

sequence(s);

and in which:

(1)

CDR2 1s an amino acid sequence chosen from the group consisting of the CDR2
sequences of SEQ ID NOS: 22 to 28 or from the group consisting of the CDR2
sequences of SEQ ID NOS: 232 to 265;

or from the group consisting of amino acid sequences that have at least 8§0%,
preferably at least 90%, more preferably at feast 95%, even more preferably at least

99% sequence identity (as defined herein) with at least one of the CDR2 sequences
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from the group consisting of SEQ ID NOS: 22 to 28 or with at least one of the

CDR2 sequences from the group consisting ot SEQ ID NOS: 232 to 265, in which

(N

(2

any amino acid substitution is preferably a conservative amino acid
substitution (as defined herein); and/or

said amino acid sequence preferably only contains amino acid substitutions,
and no amino acid deletions or insertions, compared to the above amino acid

sequence(s);

and/or from the group consisting of amino acid sequences that have 3, 2 or only 1

“amino acid difference(s)’ (as defined herein) with at least one of the CDR?2

sequences from the group consisting of SEQ ID NOS: 22 to 28 or with at least one

of the CDR2 sequences from the group consisting of SEQ ID NOS: 232 to 265, in

which:

D

2

any amino acid substitution is preferably a conservative amino acid
substitution (as defined herein); and/or
said amino acid sequence preferably only contains amino acid substitutions,

and no amino acid deletions or insertions, compared to the above amino acid

sequence(s);

and in which:

(iii) CDR3 is an amino acid sequence chosen from the group counsisting of the CDR3

sequences of SEQ ID NOS: 29 to 33 or from the group consisting of the CDR3
sequences of SEQ 1D NOS: 300-333;

or from the group consisting of amino acid sequences that have at least 80%,

preferably at least 90%, more preferably at least 95%, ecven more preferably at least

99% sequence identity (as defined herein) with at lcast one of the CDR3 sequences

from the group consisting of SEQ ID NOS: 29 to 33 or with at least one of the

CDR3 sequences from the group consisting of SEQ ID NOS: 300-333, in which:

(1) any amino acid substitution is preferably a conservative amino acid

(2

substitution (as defined herein); and/or
said amino acid sequence preferably only contains amino acid substitutions,

and no amino acid deletions or insertions, compared to the above amino acid

sequence(s);
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and/or from the group consisting of amino acid sequences that have 3, 2 or only |
“amino acid difference(s)” (as defined herein) or with at least one of the CDR3
sequences from the group consisting of SEQ ID NOS: 300-333, in which:
(1) any amino acid substitution is preferably a conservative amino acid
substitution (as defined herein); and/or
(2) said amino acid scquence preferably only contains amino acid substitutions,
and no amino acid deletions or insertions, compared to the above amino acid
sequence(s);
or from the group consisting of the CDR3 sequences of SEQ ID NOS: 34 and 35
or from 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 at least one of the CDR3 sequences
of SEQ ID NOS: 34 and 35, in which;
(1) any amino acid substitution is preferably a conscrvative amino acid
substitution (as defined herein); and/or
(2) said amino acid sequence preferably only contains amino acid substitutions,
and no amino acid deletions or insertions, compared to the above amino acid
“sequence(s);
and/or from the group consisting of amino acid sequences that have 3, 2 or only 1
“amino acid difference(s)” (as defined herein) with at least one of the CDR3
sequences of SEQ ID NOS: 34 and 35, in which:
(1) any amino acid substitution is preferably a conservative amino acid
substitution (as defined herein); and/or
(2) said amino acid sequence preferably only contains amino acid substitutions,
and no amino acid deletions or insertions, compared to the above amino acid
sequence(s).
The Nanobodies against TNF-alpha as described above and as further described
hereinbelow are also referred to herein as Nanobodies of the invention.
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 explicitly listed above are most particularly preferred.
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Some particularly preferred, but non-limiting combinations of CDR sequences can
be seen in Table [ below, which lists the CDR’s and framework sequences that are present
in a number of preferred (but non-hmiting) 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. CDR1, CDR2 and CDR3 sequences which are mentioned on the same
line in Table I) 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 I).

Also, in the Nanobodies of the invention that comprise the combinations of CDR’s
mentioned in Table I, each CDR can be replaced by a CDR chosen from 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 menttoned CDR’s; in which

(1) any amino acid substitution is preferably a conservative amino acid

substitution (as deﬁned herein); and/or

(2) said amino acid sequence preferably only contains amino acid substitutions,

and no amino acid deletions or insertions, compared to the above amino acid

- sequence(s);
and/or chosen from the group consisting of amino acid sequences that have 3, 2 or only 1
(2s indicated in the preceding paragraph) “amino acid diffcrence(s)” (as defined herein)
with the mentioned CDR(s) one of the above amino acid sequences, in which:
(1) any amino acid substitution is preferably a conservative amino acid
substitution (as defined herein); and/or
(2) said amino acid sequence preferably only contains amino acid substitutions,
and no amino acid deletions or insertions, compared to the above amino acid
sequence(s).
However, as will be clear to the skilled person, the (cdmbinations of) CDR

sequences mentioned in Table I will generally be preferred.
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Thus, in the Nanobodies of the invention, at least one of the CDRI1, CDR2 and
CDR3 sequences present is suitably chosen from the group comnsisting of the CDR1, CDR?2
and CDR3 sequences, respectively, listed in Table I; or from the group of CDR1, CDR2
and CDR3 sequences, respectively, that have ar 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 I; and/or from the group consisting of the CDR1, CDR?2 and CDR3 sequences,
respectively, that have 3, 2 or only | “amino acid difference(s)” (as defined herein) with
at least one of the CDRI, CDR2 and CDR3 sequences, respectively, listed in Table [. In
this context, by “suitably chosen” is meant that, as applicable, a CDRI sequence is chosen
from suitable CDRI1 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 sequences (i.e. as defined herein), respectively.

In particular, in the Nanobodies of the invention, at least the CDR3 sequence
present is suitably chosen from the group consisting of the CDR3 scquences listed in
Table I 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 I; 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 [.

Preferably, in the Nanobodies of the invention, at least two of the CDRI1, CDR2
and CDR3 sequences present are suitably chosen from the group consisting of the CDR1,
CDR2 and CDR3 sequences, respectively, listed in Table [ 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 I; and/or from the group consisting of the CDR1, CDR2 and CDR3 sequences,
respectively, that have 3, 2 or only 1 “amino acid difference(s)” with at least one of the
CDR1, CDR2 and CDR3 sequences, respectively, listed in Table I,

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 I 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 9Y9% sequence identity
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with at least one of the CDR3 sequences listed in Table I, 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 I 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 preferably at least 99% sequence identity with at least
one of the CDR1 and CDR2 sequences, respectively, listed in Table I; 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 I.

Most preferably, in the Nanobodies of the invention, all three CDR1, CDR2 and
CDR3 sequences present are suitably chosen from the group consisting of the CDRI,
CDR2 and CDR3 sequences, respectively, listed in Table I or from the group of CDRI,
CDR2 and CDR3 sequences, respectively, that have at least 80%, preferably at least 90%,
more preferably at least 95%, cven more preferably at least 99% sequence identity with at
least one of the CDR1, CDR2 and CDR3 sequences, respectively, listed in Table I; and/or
from the group consisting of the CDR1, CDR2 and CDR3 sequences, respectively, that
have 3, 2 or only 1 amino acid difference(s) with at least one of the CDR1, CDR2 and
CDR3 sequences, respectively, listed-in Tablé I, - ——

Even more preferably, 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 CDRI1, CDR2 and CDR3 sequences, respectively, listed in Table L. Preferably, in
this embodiment, at least one or preferably both of the other two CDR sequences present
are suitably chosen from CDR sequences that that have at least 80%, preferably at least
90%, more preferably at least 95%, even more preferably at least 99% sequence wdentity
with at least one of the corresponding CDR sequences, respectively, listed in Table I
and/or from the group consisting of the CDR sequences that have 3, 2 or only 1 amino
acid difference(s) with at {east one of the corresponding seduences, respectively, listed in
Table I.

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 [
Preferably, in this embodiment, at least onc and preferably both of the CDR1 and CDR2
sequences present are suitably chosen from the groups of CDR1 and CDR2 sequences,

respectively, that that have at least 80%, preferably at least 90%, more preferably at least
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95%, cven more preferably at least 99% sequence identity with the CDR1 and CDR2
sequences, respectively, listed in listed in Table I; 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 CDRI and CDR2 sequences, respectively, listed in
Table 1.

Even more preferably, in the Nanobodies of the invention, at least two of the
CDRI1, CDR2 and CDR3 sequences present are suitably chosen from the group consisting
of the CDR1, CDR2 and CDR3 sequences, respectively, listed in Table I. Preferably, in
this embodiment, the remaining CDR sequence present are suitably chosen from the group
of CDR sequences that 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
comesponding CDR sequences listed in Table [; and/or from the group consisting of CDR
sequences that have 3, 2 or only 1 amino acid difference(s) with at least one of the
corresponding sequences listed in Table 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 I, and
either the CDR1 sequence or the CDR2 sequence is suitably chosen from the group
comsisting of the CDR1 afid CDR2 seqti€tices, respéctivcly, listed in Table 1. Preferably, in
this embodiment, the remaining CDR sequence present are suitably chosen from the group
of CDR sequences that 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 I; and/or from the group consisting of CDR
sequences that have 3, 2 or only 1 amino acid difference(s) with the corresponding CDR
sequences listed in Table .

Even more preferably, in the Nanobodies of the invention, all three CDR1, CDR?2
and CDR3 sequences present are suitably chosen from the group consisting of the CDRI,

CDR2 and CDR3 sequences, respectively, listed in Table L.
Also, generally, the combinations of CDRs listed in Table I (i.e. those mentioned on

the same line in Table I) are preferred. Thus, it is generally preferred that, whena CDR in
a Nanobody of the invention is a CDR sequence mentioned in Table [ or is suitably chosen
from the group of CDR sequences that have at least 80%, preferably at least 90%, morc
preferably at least 95%, even more preferably at least 99% sequence identity with a CDR

sequence listed in Table I; and/or from the group consisting of CDR sequences that have
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3,2oronly | amino acid difference(s) with a CDR sequence listed in Table [, 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 I (i.e. mentioned on the same line in Table n
or are suitably chosen from the group of CDR sequences that have at least 80%,
preferably at least 90%, more preferably at least 95%, cven more preferably at least 99%
sequence identity with the CDR sequence(s) belonging to the same combination and/or
from the group consisting of CDR sequences that have 3, 2 or only 1 amino acid
difference(s) with the CDR sequence(s) belonging to the same combination. The other
preferences indicated in the above paragraphs also apply to the combinations of CDR’s
mentioned in Table L.

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 CDRI sequences mentioned in Table I, a CDR2 sequence that has 3, 2 or 1 amino
acid difference with one of the CDR2 sequences mentioned in Table I (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 CDR2 sequence that has 3, 2-er 1 amino acid-difference
with one of the CDR2 sequences mentioned in Table I (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 I (but belonging to a different combination);
or (2) a CDRI1 sequence that has more than 80 % sequence identity with one of the CDR1
sequences mentioned in Table [; a CDR2 sequence, and one of the CDR3 sequences listed
in Table I; or (3) a CDRI sequence; a CDR2 sequence that has more than 80% sequence
identity with one of the CDR2 sequence listed in Table I; and a CDR3 sequence that has 3,
2 or 1 amino acid differences with the CDR3 sequence mentioned in Table I 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 CDRI sequences mentioned in Table [; a CDR2 sequence that has 3, 2 or | amino acid
difference with the CDR2 sequence mentioned in Table I that belongs to the same
combination; and a CDR3 sequence that has more than 80 % sequence identity with the

CDR3 sequence mentioned in Table I that belongs to the same combination; (2) a CDR1
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sequence; a CDR 2 listed in Table I and a CDR3 sequence listed in Table I (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 I; the CDR2 scquence listed in Table [ that belongs to the
same combination; and a CDR3 sequence mentioned in Table I that belongs to a different
combination; or (2) a CDR1 sequence mentioned in Table {; @ CDR2 sequence that has 3,
2 or I amino acid differences with the CDR2 sequence mentioned in Table I that belongs
to the same combination; and more than 80% sequence identity with the CDR3 sequence
listed in Table I that belongs to same different combination.

Particularly preferred Nanobodies of the invention may for example comprise a
CDRI sequence mentioned in Table I, a CDR2 sequence that has more than 80 %
sequence identity with the CDR2 sequence mentioned in Table I that belongs to the same
combination; and the CDR3 sequence mentioned in Table I that belongs to the same.

[n the most preferred in the Nanobodies of the invention, the CDR1, CDR2 and
CDR3 sequences present are suitably chosen from the one of the combinations of CDR1,
CDR2 and CDR3 sequences, respectively, listed in Table L

Preferably; when a CDR- sequence 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 (as defined herein) with one of the
CDR sequences listed in Table I; and/or when a CDR sequence is suitably chosen from the
group consisting of CDR sequences that have 3, 2 or only 1 amino acid difference(s) with
one of the CDR sequences listed in Table I:

1) any amino acid substitution is preferably a conservative amino acid

substitution (as defined herein); and/or

ii)  said amino acid sequence preferably only contains amino acid substitutions,

and no amino acid deletions or insertions, compared to the CDR sequence
listed in Table L.

According to a non-limiting but preferred embodiment of the invention, the CDR
sequences in the the Nanobodies of the invention are as defined above and are also such
that the Nanobody of the invention binds to TNF-alpha with an dissociation constant (Kp)
of 107 to 1072 moles/liter (M) or less, and preferably 107 to 107 moles/liter (M) or less

and more preferably 10% to 107" moles/liter (M), and/or with an association constant (K,)
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of at least 10’ M, preferably at least 10* M", more preferably at least 10° M, such as at

least 102 M™';and in particular with a Kp less than 500 nM, preferably less than 200 nM,

more preferably less than 10 nM, such as less than 500 pM. The Kp and Ka values of the

Nanobody of the invention against TNF-alpha can be determined in a manner known per

sc, for example using the assay described herein.

According to another preferred, but non-limiting embodinent of the invention (a)
CDRI has a length of between 1 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 residues, and usually between 15 and 21 amino acid
residues, such as 16 and 17 amino acid residues; and/or (c) CDR3 has a length of between
2 and 35 amino acid residues, and usually between 3 and 30 amino acid residues, such as
between 6 and 23 amino acid residues. '

In one aspect, the invention provides Nanobodies against TNF-alpha that are better
performing than Nanobody 3E, the best performing Nanobody according to WO
04/041862.

More specifically, some preferred aspects of this embodiment of the invention are:

XXI) A Nanobody against TNF-alpha, which consist of 4 framework regions (FR1 to FR4
respectively) and 3 complementarity determining regions=¢CDR1 to CDR3
respectively), which has a Koff rate for TNF of better than 2.10-3 (1/s), preferably
better than 1.10-3 (1/s); or a humanized variant of such a Nanobody.

XXII) A Nanobody against TNF-alpha, which consist of 4 framework regions (FRI to
FR4 respectively) and 3 complementarity determining regions (CDRI to CDR3
respectively), which has an EC50 value in the cell-based assay using KYM cells
described in Example 1, under 3), of WO 04/041862 that is better than the EC50
value of Nanobody VHH 3E (SEQ ID NO:4) of WO 04/041862 in the same assay;
or a humanized vanant of such a Nanobody.

XXIII) A Nanobody against TNF-alpha, which has an EC50 value in the ceoll-based assay
using KYM cells described in Example 1, under 3), of WO 04/041862 that is better
than 12nM; or a humanized vaniant of such a Nanobody.

XXIV) A Nanobody against TNF-alpha, which bas an EC50 value in the cell-based assay
using KYM cells described in Example 1, under 3), of WO 04/041862 that is better

than 5nM; or a humanized variant of such a Nanobody.
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XXV) A Nanobody against TNF-alpha, which has an EC50 value in the cell-based assay

using KYM cells described in Examplc 1, under 3), of WO 04/041862 that is better

than 3nM; or a humanized variant of such a Nanobody;

with some particularly preferred aspects being:

A Nanobody in accordance with any one of XXI) to XXV), which 1s a GLEW-class
Nanobody.
A Nanobody in accordance with any one of XXI) to XXV), which contains an
arginine residue (R) at position 103.
A Nanobody in accordance with any one of XXI) to XXV), which is a humanized
Nanobody.
A Nanobody in accordance with any one of XXI) to XXV), which contains a
leucine residue (L) at position 108.
A Nanobody in accordance with any one of XXI) to XXV), which has at least 80%,
preferably at least 90%, more preferably at least 95%, even more preferably at least
99% sequence identity (as defined herein) with one of the amino acid sequences of
SEQ ID NO’s 52 (TNF1), 76 (TNF13), 77 (TNT'14), 95 (TNF29) or 96 (TNF30).
A Nanobody in accordance with any one of XXI) to XXV), in which
a) ' CDRI comprises: ’
- the amino acid sequence DYWMY; or
- an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence DYWMY; or
- an amino acid sequences that has 2 or only 1 amino acid difference(s)
with the amino acid sequence DYWMY;
and

b)  CDR2 comprises:
- the amino acid sequence EINTNGLITKYPDSVKG; or

- an amino acid sequence that has at least 80%, preferably at least 90%,
morce preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence
EINTNGLITKYPDSVKG; or

- an amino acid sequences that has 2 or only 1 amino acid difterence(s)

with the amino acid sequence EINTNGLITKYPDSVKG;
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and
¢}  CDR3 compnses:
- - the amino acid sequence SPSGFN; or
- an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence SPSGFN; or
- an amino acid sequences that has 2 or only | amino acid difference(s)
with the amino acid sequence SPSGFN.
A Nanobody in accordance with any one of XXI) to XXV), in which CDR1
comprises the amino acid sequence DYWMY.
A Nanobody in accordance with any one of XXI) to XXV), in which CDR2
comprises the amino acid sequence EINTNGLITKYPDSVKG.
A Nanobody in accordance with any one of XXI) to XXV), in which CDR3
comprises the amino acid sequence SPSGFN
A Nanobody in accordance with any one of XXI) to XXV), in which:
- CDR1 comprises the amino acid sequence DYWMY; and CDR3 comprises
the amino acid sequence SPSGFN; or
- CDR1 comprises the amino acid sequence -DYWMY; and CDR2 comprises
the amino acid sequence EINTNGLITKYPDSVKG; or
- CDRZ comprises the amino acid sequence EINTNGLITKYPDSVKG; and
CDR3 comprises the amino acid sequence SPSGFN
A Nanobody in accordance with any one of XXI) to XXV), in which CDR1
comprises the amino acid sequence DYWMY; and CDR3 comprises the amino acid
sequence SPSGFN.
A Nanobody in accordance with any one of XXI) to XXV), in which CDRI1
comprises the amino acid sequence DYWMY; CDR2 comprises the amino acid
sequence EINTNGLITKYPDSVKG and CDR3 comprises the amino acid sequence
SPSGFN.
A Nanobody in accordance with any one of XXI) to XXV), in which
a) CDRIls:
- the amino acid sequence DYWMY; or
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an amino acid sequence that has at lcast 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 999%
sequence identity with the amino acid sequence DYWMY,; or

an amino acid sequences that has 2 or only 1 amino acid difference with

the amino acid sequence DY WMY;

and in which:

CDR2 is:

b)

the amino acid sequence EINTNGLITK YPDSVKG; or

an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
scquence identity with the amino acid sequence
EINTNGLITKYPDSVKG,; or

an amino acid sequences that has 2 or only 1 amino acid difference(s)

with the amino acid sequence EINTNGLITKYPDSVKG;

and in which

c)

CDR3 is:

the amino acid sequence SPSGFN; or

an amino acid sequence that has at least 80%, preferably at least-90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence SPSGFN: or

an amino acid sequences that has 2 or only 1 amino acid difference with

the amino acid sequence SPSGFN.

A Nanobody in accordance with any one of XXI) to XXV), in which CDR1 is the

amino acid sequence DYWMY.

A Nanobody in accordance with any one of XXI) to XXV}, in which CDR2 is the
amino acid sequence EINTNGLITKYPDSVKG.

A Nanobody in accordance with any one of XXI) to XXV), in which CDR3 is the

amino acid sequence SPSGFN

A Nanobody in accordance with any one of XXI) to XXV), in which:

CDRI 1s the amino acid sequence DYWMY; and CDR3 is the amino acid

sequence SPSGFEN; or

CDR1 is the amino acid sequence DYWMY: and CDR? is the amino acid
sequence EINTNGLITKYPDSVKG; or
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- CDR2 is the amino acid sequence EINTNGLITKYPDSVKG; and CDR3 is the
amino acid scquence SPSGFN

A Nanobody in accordance with any one of XXI) to XXV), in which CDR1 is the

amino acid sequence DYWMY'; and CDR3 is the amino acid sequence SPSGFN.

A Nanobody in accordance with any one of XXI) to XXV), in which CDR1 is the

amino acid sequence DYWMY; CDR2 is the amino acid sequence

EINTNGLITKYPDSVKG and CDR3 is the amino acid sequence SPSGFN.

A Nanobody in accordance with any one of XXI) to XXV), in which

- any amino acid substitution is preferably a conservative amino acid
substitution; and/or ’

- said amino acid sequence preferably only contains amino acid substitutions,
and no amino acid deletions or insertions, compared to the above amino acid

sequence(s).

and with some other particularly preferred aspects being:

A Nanobody in accordance with any one of XXI) to XXV), which is a KERE-class
Nanobody.
A Nanobody 1in accordance with any‘one of XXT) to XX V), which has at least 80%,
preferably at least 90%, more preferably at least95%, even more preferably at Ieast
99% sequence identity (as defined herein) with one of the amino acid sequences of
SEQ ID NO’s 50 (TNF3), 83 (TNF20), 85 (TNF21), 85 (TNF22), 96 (TNF23) or 98
(TNF33).
A Nanobody in accordance with any one of XXI) to XXV), in which
a) CDRI comprises:
- the amino acid sequence NYYMG; or
- an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence NYYMG: or |
- an amino acid sequences that has 2 or only 1 amino acid difference with

the amino acid sequence NY'YMG;

and
b) CDR2 comprises:
- the amino acid sequence NISWRGYNIYYKDSVKG: or
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- an amiino acid sequence that has at least 80%, preferably at lcast 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence
NISWRGYNIYYKDSVKG,; or

- an amino acid sequences that has 2 or only I amino acid difference(s)
with the amino acid sequence NISWRGYNIYYKDSVKG:

and

¢)  CDR3 comprises:
- the amino acid sequence SILPLSDDPGWNTY; or
- an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, cven more preferably at least 99%
sequence identity with the amino acid sequence SILPLSDDPGWNTY;
or
- an amino acid sequences that has 2 or only 1 amino acid difference with
the amino acid sequence SILPLSDDPGWNTY.
A Nauobody in accordance with any one of XXI) to XXV), in which CDRI
comprises the amino acid sequence NYYMG.
A Nanobody in accordance with any one of XXI) to XXV), in-which- CDR2—
comprises the amino acid sequence NISWRGYNIYYKDSVKG.
A Nanobody in accordan_ce with any one of XXJ) to XXV), in which CDR3
comprises the amino acid sequence SILPLSDDPGWNTY.
A Nanobody in accordance with any one of XXI) to XXV), in which:
- CDR1 comprises the amino acid sequence NYYMG; and CDR3 comprises the
amino acid sequence SILPLSDDPGWNTY; or
- CDR! comprises the amino acid sequence NYYMG; and CDR2 comprises the
amino acid sequence NISWRGYNIYYKDSVKG; or
- CDR2 comprises the amino acid sequence NISWRGYNIYYKDSVKG; and
CDR3 comprises the amino acid sequence SILPLSDDPGWNTY.
A Nanobody in accordance with any one of XXI) 1o XXV), in which CDR!
comprises the amino acid sequence NYYMG; CDR2 comprises the amino acid
sequence SILPLSDDPGWNTY and CDR3 comprises the amino acid sequence
ILPLSDDPGWNTY,
A Nanobody in accordance with any one of XXI) to XXV}, in which
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a) CDRIls:

the amino acid sequence NYYMG; or

an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
scquence identity with the amino acid sequence NYYMG; or

an amino acid sequences that has 2 or only 1 amino acid difference with

the amino acid sequence NYYMG;

and
b) CDR2is:
- the amino acid sequence NISWRGYNIYYKDSVKG; or
- an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence
NISWRGYNIYYKDSVKG; or
- an amino acid sequences that has 2 or only 1 amino acid difference(s)
with the amino acid sequence NISWRGYNIYYKDSVKG;
and
c) CDR3is: .

the amino acid sequence SILPLSDDPGWNTY:; or
an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%

sequence identity with the amino acid sequence SILPLSDDPGWNTY;

or

an amino acid sequences that has 2 or only 1 amino acid difference with

the amino acid sequence SILPLSDDPGWNTY.

A Nanobody in accordance with any one of XXI) to XXV), in which CDR1 is the

amino acid sequence NYYMG.

A Nanobody in accordance with any one of XXI) to XXV), in which CDR2 is the
amino acid sequence NISWRGYNIYYKDSVKG.
A Nanobody in accordance with any one of XXI) to XXV), in which CDR3 is the

amino acid sequence SILPLSDDPGWNTY.

A Nanobody in accordance with any one of XXI) to XXV), in which:
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- CDRI is the amino acid sequence NYYMG; and CDR3 is the amino acid
sequence SILPLSDDPGWNTY ; or

- CDRI1 is the amino acid sequence NYYMG; and CDR?2 is the amino acid
sequence NISWRGYNIYYKDSVKG:; or

- CDR2 is the amino acid sequence NISWRGYNIYYKDSVKG; and CDR3 is
the amino acid sequence SILPLSDDPGWNTY.
- A Nanobody in accordance with any one of XXI) to XXV), in which CDR]1 is the
amino acid sequence NYYMG; CDR2 is the amino acid sequence
SILPLSDDPGWNTY and CDR3 is the amino acid sequence ILPLSDDPGWNTY.
- A Nanobody in accordance with any one of XXI) to XXXV}, in which
- any amino acid substitution is preferably a conservative amino acid
substitution; and/or

- said amino acid sequence preferably only contains amino acid substitutions,
and no amino acid deletions or insertions, compared to the above amino acid
sequence(s).

- A Nanobody in accordance with any one of XXI) to XXV), which is a humanized
Nanobody.

and with yet some other particularly preferred aspects béing: - -

XXVI)A protein or polypeptide, which comprises or essentially consists of at least one

Nanobody in accordance with any one of XXI) to XXV).

XXVID A protein or polypeptide, which comprises two Nanobodies in accordance
with any one of XXT) to XXV).
XXVIID A protein or polypeptide, which comprises two Nanobodies in accordance

with any one of XXT) to XXV), and which is such that said protein or polypeptide,
upon binding to a TNF trimer, is capable inhibiting or reducing the TNF receptor
crosslinking that is mediated by said TNF trimer and/or the signal transduction that
is mediated by such receptor crosslinking..

XXIX)A protein or polypeptide, which comprises two Nanobodics in accordance with
any one of XXI) to XXV), and which is capable of intramolecular binding to at least
two TNF receptor binding sites on a TNF trimer.

XXX) A protein or polypeptide, which compnses two Nanobodies in accordance with

any one of XXI) to XXV), linked via a suitable linker.
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XXXI)A protein or polypeptide, which comprises two Nanobodies in accordance with
any one of XXI) to XXV), linked via a suitable linker, and which is pegylated.
XXXII) A protein or polypeptide which comprises two Nanobodies in accordance
with any one of XXI) to XXV), and which further comprises at least one Nanobody

directed against human senim albumin.

XXXIIT) A protein or polypeptide which comprises two Nanobodies in accordance
with any one of XXI) to XXV), and which further comprises at least one Nanobody
directed against human serum albumin, and which is such that said protein or
polypeptide, upon binding to a TNF trimer, is capable inhibiting or reducing the
TNF receptor crosslinking that is mediated by said TNF trimer and/or the signal
transduction that is mediated by such receptor crosslinking..

XXXIV) A protein or polypeptide which comprises two Nanobodies in accordance
with any one of XXI) to XXV), and which further comprises at least one Nanobody
directed against human serum albumin and which is capable of intramolecular
binding to at least two TNF receptor binding sites on a TNF trimer.

XXXV) A protein or polypeptide which comprises two Nanobodies in accordance
with any one of XXI) to XXV), and which further comprises one Nanobody directed
against human serum albuminyin which each of the two Nanobodies . accordance
with any one of XXI) to XXV) is linked, optionally via a suitable linker, to the one
Nanobody directed against human serum albumin.

XXXV A protein or polypeptide which comprises two Nanobodies in accordance
with any one of XXI) to XXV), and which further comprises one Nanobody directed
against human seram albumin, in which each of the two Nanobodies n accordance
with any one of XXI) to XXV) is linked, optionally via a suitable linker, to the one
Nanobody directed against human serum albumin, and which is such that said
protein or polypeptide, upon binding to a TNF (rimer, is capable inhibiting or
reducing the TNF receptor crosslinking that is mediated by said TNF trimer and/or
the signal transduction that is mediated by such receptor crosslinking...

XXXV A protein or polypeptide which comprises two Nanobodies in accordance
with any one of XXI) to XXV), and which further comprises one Nanobody directed
agamst human serum albumin, in which cach of the two Nanobodies in accordance

with any one of XXI) to XXV) is linked, optionally via a suitable linker, to the one
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Nanobody directed against human serum albumin, and which is capable of

intramolecular binding to at least two TNF receptor binding sites on a TNF trimer.

- A protein or polypeptide in accordance with any one of XXVI) to XXXVII), in
which the at least onc Nanobody directed against human serum albumin is a
humanized Nanobody.

- A protein or polypeptide in accordance with any one of XXVI) to XXXVII), in
which the at least one Nanobody directed against human serum albumin is a
humanized variant of the Nanobody ALB 1 (SEQ ID NO: 63).

- A protein or polypeptide in accordance with any one of XXVI) to XXXVII), in
which the at least one Nanobody directed against human serum albumin is a chosen
from the group consisting of ALB 3 (SEQ ID NO: 87), ALB 4 (SEQ ID NO: 88),
ALB 5 (SEQ ID NO: 89), ALB 6 (SEQ ID NO: 100), ALB 7 (SEQ ID NO: 101),
ALB 8 (SEQ ID NO: 102) ALB 9 (SEQ [D NO: 103) and ALB 10 (SEQ ID NO:
104).

- A protein or polypeptide in accordance with any one of XXVI) to XXXVII), in
which the at least one Nanobody directed against human serum albumin is ALB 8.

- A protein or polypeptide in accordance with any one of XXVI) to XXXVII), which
comprises or essentially consists of two humanized Nanobodies Nanobodies in
accordance with any onc of XXI) to XXV), and one humanized variant of the
Nanobody ALB | (SEQ ID NO: 63).

It should be noted that when a Nanobody is mentioned above as being “in
accordance with any one of XXI) to XXV) above™, 1t is at least according to one of XXI) to
XXV), may be according to two or more of XXI) to XXV), and may also include any one
or more of the other aspects that are indicated as being “in accordance with any one of
XXI) to XXV) above. Similarly, when a protein or polypeptide is mentioned above as
being “in accordance with any one of XXVI) to XXXVII) above”, it is at least according to
one of XXVI) to XXXVII), may be according to two or more of XVT) to XXXVII), and
may also include any one or more of the other aspects that are indicated as being “in
accordance with any one of XXVI) to XXXVII) above.

A clone that has been found to be particularly useful as an anti-TNF Nanobody is
the clone PMP1C2 (TNF1). As can be seen from the comparative data from the KYM-
assay in Table 39, TNF1 has an ECsp value that is more then 4 times better than the best
monovalent Nanobody described in WO 04/41862 (Nanobody 3E), ie. 2,466 nM for
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PMP 1C2 vs. 12 nM for 3 E (As can be seen from Table 39, all Nanobodies TNF] to TNF 9 of the
invention gave a better EC50 value in this assay than 3E). In this respect, it should also be noted
that Nanobody 3E from WO 04/41862 belongs to the "KERE class" (as described herein), and can
therefore be humanized to a lesser degree than Nanobody PMP1C2 (which belongs to the "GLEW
class"). When Nanobody PMP1C2 is compared to the Nanobody IA from WO 04/41 862, a
GLEW-class Nanobody with the highest degree in sequence homology with PMP 1C2 (in both the
CDR's and the frameworks), the ECs, value obtained for PMP1C2 in the KYM assay is more than
50 times better, i.e. 2.466 nM for PMP 1C2 compared to 100 nM for [A.

By the term “K'YM assay”, as used herein, is mcant the assay using KYM cells described in
Example 1, under 3) of PCT Publication No. WO 04/041862.

Accordingly, Nanobodies that comprise one or more, preferably any two and more
preferably all three of the CDR's present in the clone PMP 1C2 (or CDR sequences that are
derived therefrom or correspond thereto) are particularly preferred in the invention. Also, these
Nanobodies preferably belong to the "103 P,R,S group” (as defined herein), and most preferably
have an R at position 103, and preferably also have GLEW or a GLEW-like sequence at positions
44-47. Also, when these Nanobodies belong to the "103 P, R, S group" (and in particular when
they have an R at position 103), one preferred, but non-limiting humanizing substitution is 108Q to
108L. Other preferred, but non-limiting humanizing substitutions in these preferred Nanobodies
are one or more of those present in the humanized variants of TNFI described herein, such as
TNF13, TNF14, TNF 29 or TNF30, as will immediately be clear from a comparison between the
sequence of TNF1 and these humanized sequences.

Thus, in a particularly preferred Nanobody of the invention, at least one of the CDRI,
CDR2 and CDR3 sequences present is suitably chosen from the group consisting of the CDRI
sequence of SEQ ID NO: 164, the CDR2 sequence of SEQ ID NO: 232, and the CDR3 sequence
of SEQ ID NO: 300, respectively (i.e. the CDR sequences present in clone TNEI), or from the
group of CDRI, CDR2 and CDR3 sequences, respectively, that have at least 0%, preferably at
least 90%, more preferably at least 95%, even more preferably at least 99% "sequence identity" (as
defined hercin) with the CDRI sequence of SEQ ID NO: 164, the CDR2 sequence of SEQ 1D NO:
232, and the CDR3 sequence of SEQ ID NO: 300, respectively; and/or from the group consisting
of the CDRI, CDR2 and CDR3 sequences, respectively, that have 3, 2 or only 1 "amino acid
difference(s)" (as defined herein) with the CDRI sequence of SEQ ID NO: 164, the CDR?2
sequence of SEQ ID NO: 232, and the CDR3 sequence of SEQ ID NO: 300, respectively.
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Preferably, in these preferred Nanobodies of the invention, at least two of the
CDR1I, CDR2 and CDR3 sequences present are suitably chosen from the group consisting
of the CDRI sequence of SEQ ID NO: 164, the CDR2 sequence of SEQ ID NO: 232, and

the CDR3 scquence of SEQ ID NO: 300, respectively (i.e. the CDR sequences present in

clone TNF1), or (rom 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 Ieast 99% sequence identity with the CDR1 sequence of SEQ ID
NO: 164, the CDR2 sequence of SEQ ID NO: 232, and the CDR3 sequence of SEQ ID
NO: 300, respectively; and/or from the group consisting of the CDR1, CDR2 and CDR3
sequences, respectively, that have 3, 2 or only 1 “amino acid difference(s)” with the
CDR1 sequence of SEQ ID NO: 164, the CDR2 sequence of SEQ ID NO: 232, and the
CDR3 sequence of SEQ ID NO: 300, respectively.

Most preferably, in these preferred Nanobodies of the invention, all three CDRI,
CDRZ and CDR3 sequences present are suitably chosen from the group consisting of the
CDRI sequence of SEQ ID NO: 164, the CDR2 sequence of SEQ ID NO: 232, and the
CDR3 sequence of SEQ ID NO: 300, respectively (i.e. the CDR sequences present in
clone TNF1), 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 the CDR1 sequence of SEQ ID NO: 164,
the CDR2 sequence of SEQ ID NO: 232, and the CDR3 sequence nof SEQ ID NO: 300,
respectively; and/or from the group consisting of the CDR1, CDR2 and CDR3 sequences,
respectively, that have 3, 2 or only 1 amino acid difference(s) with the CDR1 sequence of
SEQ ID NO: 164, the CDR2 sequence of SEQ ID NO: 232, and the CDR3 sequence of
SEQ ID NO: 300, respectively.

Even more preferably, in these preferred Nanobodies of the invention, at least one
of the CDR1, CDR2Z and CDR3 sequences present is suitably chosen from the group
consisting of the CDR1 sequence of SEQ ID NO: 164, the CDR2 sequence of SEQ ID
NO: 232, and the CDR3 sequence of SEQ ID NO: 300, respectively (i.e. the CDR
sequences present in clone TNF1). Preferably, in this embodiment, at least one or
preferably both of the other two CDR sequences present are suitably suitably chosen from
CDR sequences that 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 sequence

of SEQ ID NO: 164, the CDR2 sequence of SEQ ID NO: 232, and the CDR3 sequence of
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SEQ ID NO: 300, respectively; and/or suitably chosen from the group consisting of the
CDR sequences that have 3, 2 oronly 1 amino acid difference(s) with the CDRI sequence
of SEQ ID NO: 164, the CDR2 sequence of SEQ ID NO: 232, and the CDR3 sequence of
SEQ ID NO: 300, respectively.

Even morc preferably, in these preferred Nanobodies of the invention, at least two
of the CDRI, CDR2 and CDR3 sequences present are suitably chosen from the group
consisting of the CDR1 sequence of SEQ ID NO: 164, the CDR2 sequence of SEQ ID
NQO: 232, and the CDR3 sequence of SEQ ID NO: 300, respectively (i.e. the CDR
sequences present in clone TNF1). Preferably, in this embodiment, the remaining CDR
sequence present are suitably chosen from the group of CDR sequences that 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 sequence of SEQ ID NO: 164, the CDR2
sequence of SEQ ID NO: 232, and the CDR3 sequence of SEQ ID NO: 300, respectively;
and/or from the group consisting of CDR sequences that have 3, 2 or only 1 amino acid
difference(s) with the CDR1 sequence of SEQ ID NO: 164, the CDR2 sequence of SEQ
ID NO: 232, and the CDR3 sequence of SEQ ID NO: 300, respectively.

Particularly preferred Nanobodies of the invention éompn’se the CDR1 sequence of
SEQ ID NO: 164, the CDR2 sequence of SEQ ID NO: 232, and the CDR3 sequence of
SEQ ID NO: 300, respectively (i.e. the CDR sequences present in clone TNF1).

Nanobodies with the above CDR sequences preferably have framework sequences
that are as further defined herein. Some particularly preferred, but non-limiting
combinations of framework sequences can be seen in the above Table 1. As will be clear to

the skilled person, a combination of FR1, FR2, FR3 and FR4 sequences that occur in the

same clone (i.e. FR1, FR2, FR3 and FR4 sequences which are mentioned on the same line
in Table I) will usually be preferred (although the invention in its broadest sense is not
limited thereto, and also comprises other suitablc combinations of the framework
sequences mentioned in Table T).

More specifically, some preferred aspects of this embodiment of the invention are:
XXXV A nanobody against TNF-alpha, which consist of 4 framework regions

(FR1 to FR4 respectively) and 3 complementarity determining regions (CDRI to

CDR3 respectively), i which:

a)  CDRI comprises:

- the amino acid sequence DYWMY; or
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- an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, cven more preferably at least 99%
sequence identity with the amino acid sequence DY WMY'; or

- an amino acid sequences that has only 1 amino acid difference with the

amino acid sequence DYWMY;

CDR2 comprises:

- the amino acid sequence EINTNGLITKYPDSVKG; or

- an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence
EINTNGLITKYPDSVKG; or

- an amino acid sequences that has 2 or only I amino acid difference(s)

with the amino acid sequence EINTNGLITKYPDSVKG;

CDR3 comprises:

- the amino acid sequence SPSGFN; or

- an amino ‘acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence SPSGFN; or

- an amino acid sequences that bas only 1 amino acid difference with the

amino acid sequence SPSGFN,

A nanobody in accordance with XXXVIII} , in which CDR1 comprises the amino

acid sequence DYWMY.
A nanobody in accordance with XXXVIII) , in which CDR2 comprises the aming

acid sequence EINTNGLITKYPDSVKG.
A nanobody in accordance with JXXXVTI) , in which CDR3 comprises the amino

acid sequence SPSGFN,
A nanobody 1n accordance with XXXVIII), in which:

CDRI comprises the amino acid sequence DYWMY; and CDR3 comprises
the amino acid sequence SPSGFN; or

CDRI comprises the amino acid sequence DYWMY; and CDR2 comprises
the amino acid sequence EINTNGLITKYPDSVKG; or
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- CDR2 comprises the amino acid sequence EINTNGLITKYPDSVKG; and
CDR3 comprises the amino acid sequence SPSGFN

A nanobody in accordance with XXXVIII) , in which CDR1 comprises the amino

acid sequence DYWMY; and CDR3 comprises the amino acid sequence SPSGFN.

A nanobody in accordance with XXXVIII) in which CDRI comprises the amino

acid  sequence DYWMY; CDR2 comprises the amino acid sequence

EINTNGLITKYPDSVKG and CDR3 comprises the amino acid sequence SPSGFN.

A Nanobody in accordance with XXXVIII) , in which

- any amino acid substitution is preferably a conservative amino acid
substitution; and/or

- said amino acid sequence preferably only contains amino acid substitutions,
and no amino acid deletions or insertions, compared to the above amino acid
sequence(s).

A Nanobody in accordance with XXXVIII), which is a GLEW-class Nanobody.

A Nanobody in accordance with XXXVIII) , which contains an arginine residue (R)

at position 103,

A Nanobody in accordance with XXXVII) , which has at least 80%, preferably at

least 90%, more preferably at least-95%,. even mere preferably at least 99%

sequence ideantity (as defined herein) with one of the amino acid sequences of SEQ

ID NO’s 52 (TNF1), 76 (TNF13), 77 (TNF14), 95 (TNF29) or 96 (TNF30).

A Nanobody in accordance with XXXVIII) , which is a humanized Nanobody.

A Nanobody in accordance with XXX VIII), which contains a leucine residue (L) at

position 108.

A Nanobody in accordance with XXXVIII) , which has a K, rate for TNF of better

than 2.10-3 (1/s), preferably better than 1.10-3 (1/s); or a humanized variant of such

a Nanobody;

A Nanobody in accordance with XXXVIII) , which has an EC50 value in the celi-

based assay using KYM cells described in Example 1, under 3), of WO 04/041862

that is better than the EC50 value of Nanobody VHH 3E (SEQ ID NO:4) of WO

04/041862 in the same assay; or a humanized variant of such a Nanobody.

A Nanobody in accordance with XXXVIil) , which has an EC50 value in the celi-

bascd assay using KYM cells described in Example 1, under 3), of WO 04/041862

that is better than 5nM; or a humanized variant of such a Nanobody.
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- A Nanobody in accordance with XXXVIII) , which has an EC50 value in the cell-
based assay using KYM cells described in Example 1, under 3), of WO 04/041862
that is better than 3nM; or a humanized variant of such a Nanobody.

XXXTX) A Nanobody against TNF-alpha, which consist of 4 framework regions
(FRI to FR4 respectively) and 3 complementarity determining regions (CDR1 to
CDR3 respectively), in which
a) CDRIlis:

- the amino acid scquence DYWMY; or
- an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, cven more preferably at least 99%
sequence identity with the amino acid sequence DY WMY; or
- an amino acid sequences that has only I amino acid difference with the
amino acid sequence DYWMY;
and in which:
b) CDR2is:
- the amino acid sequence EINTNGLITKYPDSVKG; or
- an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence
EINTNGLITKYPDSVKG; or
- an amino acid sequences that has 2 or only 1 amino acid difference(s)
with the amino acid sequence EINTNGLITKYPDSVKG;
and in which
c) CDR3 is:
- the amino acid sequence SPSGFN; or
- an amino acid sequence that has at least 80%, preferably at least 90%,
morc preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence SPSGFN; or
- an amino acid sequences that has only 1 amino acid diffcrence with the
- amino acid sequence SPSGFN.
- A Nanobody in accordance with XXXIX) , in which CDRI is the amino acid

sequence DYWMY.
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A Nanobody in accordance with XXXIX) , in which CDR2 is the amino acid

sequence EINTNGLITKYPDSVKG.

A Nanobody in accordance with XXXIX) , in which CDR3 is the amino acid

sequence SPSGFN

A Nanobody in accordance with XXXIX), in which:

- CDRI is the amino acid sequence DYWMY; and CDR3 is the amino acid
sequence SPSGFN; or

- CDRI1 is the amino acid sequence DYWMY; and CDR?2 is the amino acid
sequence EINTNGLITKYPDSVKG,; or

- CDR2 is the amino acid sequence EINTNGLITKYPDSVKG: and CDR3 is the
amino acid sequence SPSGFN

A Nanobody in accordance with XXXIX) , in which CDRI is the amino acid

sequence DYWMY; and CDR3 is the amino acid sequence SPSGFN.

A Nanobody in accordance with XXXIX) , in which CDR1 is the amino acid

sequence DYWMY; CDR2 is the amino acid sequence EINTNGLITKYPDSVKG

and CDR3 is the amino acid sequence SPSGFN.

A Nanobody in accordance with XXXIX), in which:

- any amino acid substitution is preferably a conservative amino acid
substitution; and/or

- said amino acid sequence preferably only contains amino acid substitutions,
and no amino acid deletions or insertions, compared to the above amino acid
sequence(s).

A Nanobody in accordance with XXXIX) , which is a GLEW-class Nanobody.

A Nanobody in accordance with XXXIX) , which contains an arginine residue (R)

at position 103.

A Nanobody in accordance with XXXIX) , which has at least 80%, preferably at

least 90%, more preferably at least 95%, even more preferably at least 99%

sequence identity (as defined herein) with one of the amino acid sequences of SEQ

ID NO’s 52 (TNF1), 76 (TNF13), 77 (TNF14), 95 (TNF29) or 96 (TNF30).

A Nanobody in accordance with XXXIX) , which is a humanized Nanobody.

A Nanobody 1n accordance with XXXIX) , which contains 2 leucine residue (L) at

position 108.
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A Nanobody in accordance with XXXIX) , which has a Ky rate for TNF of better
than 2.10-3 (1/s), preferably better than 1.10-3 (1/s); or a humanized variant of such
a Nanobody.

A Nanobody in accordance with XXXIX) , which has an EC50 value in the cell-
based assay using KYM cells described in Example 1, under 3), of WO 04/041862
that is better than the EC50 value of Nanobody VHH 3E (SEQ ID NO:4) of WO
04/041862 in the same assay or a humanized variant of such a Nanobody.

A Nanobody in accordance with XXXIX) , which has an EC50 value in the cell-
based assay using KYM cells described in Example 1, under 3), of WO 04/041862
that 1s better than 5nM; or a humanized variant of such a Nanobody.

A Nanobody in accordance with XXXIX) , which has an EC50 value in the cell-
based assay using KYM cells described in Example 1, under 3), of WO 04/041862
that is better than 3nM; or a humanized variant of such a Nanobody.

A Nanobody in accordance with XXXIX) , which is chosen from the group
consisting of TNF 13 (SEQ ID NO: 76), TNF 14 (SEQ ID NO: 77), TNF 29 (SEQ
ID NO: 95) and TNF 30 (SEQ ID NO:96).

A Nanobody in accordance with XXXIX) , which is TNF 30 {SEQ ID NO: 96);

with-seme other preferred aspects being: - —

XL) A protein or polypeptide, which comprises or essentially consists of a Nanobody in

accordance with XXXVIII) or XXXIX).

XLI) A protein or polypeptide, which comprises or essentially consists of at least one

Nanobody in accordance with XXXVIII) or XXXIX) .

A protein or polypeptide in accordance with any one of XL) or XLI), which
comprises two Nanobodics in accordance with XXXVIII) or XXXIX) .

A protein or polypeptide in accordance with any one of XL) or XLD),, which
comprises two Nanobodies in accordance with XXXVIII) or XXXIX) , and which
1s such that said protein or polypeptide, upon binding to a TNF trimer, is capable
inhibiting or reducing the TNF receptor crosslinking that is mediated by said TNF
trimer and/or the signal transduction that is mediated by such receptor crosslinking..
A protein or polypeptide in accordance with any ome of XL) or XLI),, which
comprises two Nanobodies in accordance with XXX VII) or XXXIX) , and which

is capable of intramolecular binding to at least two TNF receptor binding sites on a

TNF tnmer.
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A protein or polypeptide in accordance with any one of XL) or XLI), which
comprises two Nanobodies i accordance with XXXVIII) or XXXIX), which are
directly linked to each other or linked to each other via a linker.

A protein or polypeptide in accordance with any one of XL) or XLI), which
comprises two Nanobodies in accordance with XXXVII) or XXXIX), which are
linked to each other via an amino acid sequence.

A protein or polypeptide in accordance with any one of XL) or XLI), which
comprises two Nanobodies in accordance with XXXVIII) or XXXIX), which are
linked to each other via an amino acid sequence (such as, without limitation, an
amino acid sequence that comprises glycine and serine residues) that comprises at
least 14 amino acids, more preferably at least 17 amino acids, such as about 20-40
amino acids (such as the linker GS30).

A protein or polypebtide in accordance with any one of XL) or XLI), which
comprises or essentially consists of the polypeptide TNF 7 (SEQ ID NO: 73), in
which both Nanobodies TNF 1 have been humanized.

A protein or polypeptide in accordance with any one of X1.) or XLI), which
comprises or essentially consists the polypeptide TNF 55 (SEQ ID NO: 419) or TNF
56 (SEQ ID NO: 420)—~ . -

A protein or polypeptide in accordance with any one of XL) or XLI), which is

pegylated.

A protein or polypeptide in accordance with any one of XL) or XLI),which
comprises two Nanobodies in accordance with XXXVIII) or XXXIX) , and which
is such that said protein or polypeptide, upon binding to a TNF trimer, is capable
inhibiting or reducing the TNF receptor crosslinking that is mediated by said TNF
trimer and/or the signal transduction that is mediated by such receptor crosslinking;
and/or which is such that said protein or polypeptide is capable of intramolecular
binding to at least two TNF receptor binding sites on a TNF trimer, and which
protein or polypeptide further comprises at least one Nanobody directed against
human serum albumin.

A protein or polypeptide in accordance with any one of XL) or XLI), which
comprises two Nanobodies in accordance with XXXVIII) or XXXIX), and which
protein or polypeptide further comprises at least one Nanobody directed against

human serum albumin, in which the two Nanobodies in accordance with XOCXVIID
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or XXXIX) are linked to each other via the at least one Nanobody directed against
human serum albumin, and in which the two Nanobodies in accordance with
XXXV or XXXIX) are either linked directly to the at least one Nanobody
directed against human serum albumin, or are linked to the at least onc Nanobody
directed against human serum albumin via a linker.

A protein or polypeptide in accordance with any one of XL) or XLI),, which
comprises two Nanobodies in accordance with XXXVIH) or XXXIX), and which
protein or polypeptide further comprises at least one Nanobody directed against
human serum albumin, in which the two Nanobodies in accordance with XXXVII)
or XXXIX) are linked to each other via the at least one Nanobody directed against
human serum albumin, and in which the two Nanobodies in accordance with
XXXVI) or XXXIX) are either linked directly to the at least one Nanobody
directed against human serum albumin, or are linked to the at least one Nanobody
directed against human serum albumin via a linker, in which the linker is an amino
acid sequence (such as, without limitation, a linker that comprises glycine and serine
residues), and in particular an amino acid sequence that comprises between 3 and 40
amino acid residues, such as between § and 15 amino acid residues (such as the
linker GS9). ‘ - -

A protein or polypeptide in accordance with any one of XL) or XLI), which
comprises two Nanobodies in accordance with XXXVIII) or XXXIX), and which
protein or polypeptide further comprises at least one Nanobody directed against
human serum albumin, in which the two Nanobodies in accordance with XXXV
or XXXIX) are linked to each other via the at least one Nanobody directed against
human serum albumin, and in which the two Nanobodies in accordance with
XXXVHD) or XXXIX) are either linked directly to the at least one Nanobody
directed against human serum albumin, or are linked to the at least one Nanobody
directed against human serum albumin via a linker, and which protein or polypeptide
is such that said protein or polypeptide, upon binding to a TNF trimer, is capable
inhibiting or reducing the TNF receptor crosslinking that is mediated by said TNF
tnmer and/or the signal transduction that is mediated by such receptor crosslinking;
and/or which protein or polypeptide is such that said protein or polypeptide is

capable of intramolecular binding to at least two TNF receptor binding sites on a

TNF trimer.
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- A protein or polypeptide 1n accordance with any one of XL) or XLI), in which the at
least one Nanobody directed against human serum albumin is a humanized
Nanobody.

- A protein or polypeptide in accordance with any one of XL) or XLI), in which the at
least one Nanobody directed against human serum albumin is a humanized variant of
the Nanobody ALB 1 (SEQ ID NO: 63).

- A protein or polypeptide in accordance with any one of XL) or XLI), in which the at
least one Nanobody directed against human serum albumin is a chosen from the
group consisting of ALB 3 (SEQ ID NO: 87), ALB 4 (SEQ ID NO: 88), ALB 5
(SEQ 1D NO: 89), ALB 6 (SEQ ID NO: 100), ALB 7 (SEQ ID NO: 101), ALB 8
(SEQ ID NO: 102) ALB 9 (SEQ ID NO: 103) and ALB 10 (SEQ ID NO: 104).

- A protein or polypeptide in accordance with any one of XL) or XLI), in which the at
least one Nanobody directed against human serum albumin is ALB 8.

- A protein or polypeptide in accordance with any one of XL) or XLI), which
comprises or essentially consists of two humanized Nanobodies in accordance with
any one of XL) or XLI) and one humanized variant of the Nanobody ALB 1 (SEQ
ID NO: 63).

- A protein or polypeptide in-accordance with any one of XL) or XLI), which
comprises or essentially consists of the polypeptide TNF24 (SEQ ID NO: 90), in
which both the Nanobody TNF 1 as well as the Nanobody ALB 1 has been
humanized.

- A protein or polypeptide in accordance with any one of XL) or XLI), which
comprises or essentially consists of two Nanobodies TNF 30 and one Nanobody
ALB 8.

- A protein or polypeptide in accordance with any one of XL) or XLI), which
comprises or essentially consists the polypeptide TNF 60 (SEQ ID NO: 417).

It should be noted that when a Nanobody i1s mentioned above as being “in
accordance with XXXVIII" or “in accordance with XXXIX", it is at least according to one
of XXXVIII) and/or XXXIX), and may also include any one or more of the other aspects
that are indicated as being “in accordance with XXXVIII” or “in accordance with
XXXIX” above. Similarly, when a protein or polypeptide is mentioned above as being “in
accordance with any one of XL) or XLI)”, it is at least according to one of XL) to XLI),

may be according to two or more of VI) to XVIII), and may also include any one or more
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of the other aspects that are indicated as being “in accordance with any one of XL) or XLI)

above.

For the Nanobodies based on Nanobody TNFI above (including but not limited to

the humanized Nanobodies), the framework sequences may generally be as described

S herein, and preferably are as follows:

and

a)
10

b)
15
20

c)
25
30 d)

FR1 comprises or is:

and

the amino acid sequence of SEQ ID NO: 130;0r

an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence of SEQ ID NO: 130; or
an amino acid sequences that has only 1 amino acid difference with the

amino acid sequence of SEQ ID NO: 130;

FR2 comprises or is:

and

the amino acid sequence of SEQ ID NO: 198; or

an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence of SEQ-ID NO: 198; or
an amino acid sequences that has 2 or only 1 amino acid difference(s)

with the amino acid sequence of SEQ 1D NO: 198;

FR3 comprises or is:

the amino acid sequence of SEQ ID NO: 266: or

an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence of SEQ ID NO: 266; or
an amino acid sequences that has only 1 amino acid difference with the

amino acid sequence of SEQ ID NO: 266.

FR4 comprises or is:

the amino acid sequence of SEQ ID NO: 334; or
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- an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence of SEQ ID NO: 334: or

- an amino acid sequences that has only 1 amino acid difference with the
amino acid sequence of SEQ ID NO: 334;

in which the amino acid differences present in the framework sequences are more
preferably as described herein.

Nanobodies against TNF-alpha, which have framework regions as described above
(1.e. similar to TNF1), and in which at least onc of the framework regions (such as any
two, any three or all four framework regions) have been humanized, form a further aspect
of the invention. Such Nanobodies may in particular have CDR’s that are such that the
Nanobody has a Koff rate for TNF of better than 2.10-3 (1/s), preferably better than 1.10-3
(1/5); and/or have CDR’s that are such that the Nanobody has an ECS50 value in the cell-
based assay using KYM cells described in Example 1, under 3), of WO 04/041862 that is
better than the EC50 value of Nanobody VHH 3E (SEQ ID NO:4) of WO 04/041862 in
the same assay; and in particular better than 12aM, more in particular better than 5 oM,
even more in particular better than 3nM. Also, or altematively, such Nanobodies are
preferably directed against-the same epitope of TNF (i.e. the TNF trimer) as TNF1.

In particular, the invention relates to a Nanoobody against TNF-alpha, which is a
humanized variant of a Nanobody against TNF-alpha, which Nanobody against TNF-alpha
has the following framework sequences: FR1: SEQ ID NO: 130; FR2: SEQ ID NO: 198;
FR3: SEQ ID NO: 266; and FR4: SEQ ID NO: 334. Such a Nanobody may in particular
have CDR’s that are such that the Nanobody has a Koff rate for TNF of better than 2.10-3
(1/s), preferably better than 1.10-3 (1/s); and/or have CDR’s that are such that the
Nanobody has an EC50 value in the cell-based assay using KYM cells described in
Example 1, under 3), of WO 04/041862 that is better than the EC50 value of Nanobody
VHH 3E (SEQ ID NO:4) of WO 04/041862 in the same assay; and in particular better
than 12nM, more in particular better than 5 nM, even more in particular better than 3nM.
Also, or alternatively, such Nanobodies are preferably directed against the same cpitope of
TNF (i.e. the TNF trimer) as TNFI.

Another clone that has been found to be particularly useful as an anti-TNF

Nanobody 1s the clone PMPSFI0 (TNF3, SEQ ID NO: 60). As can be seen from the



15

20

25

30

CA 2962819 2017-03-30

77 -

comparative data from the KYM-assay in Table 39, TNF3 has an ECsg value that is more

than 15 times better than the best monovalent Nanobody described in WO 04/41862

Accordingly, Nanobodies that comprise one or more, preferably any two and more

preferably all three of the CDR’s present in the clone PMPSFI0 (or CDR sequences that

are derived therefrom or correspond thereto) arc particularly preforred in the invention.

Also, these Nanobodies preferably belong to the KERE class.

More specifically, some preferred aspects of this embodiment of the invention are:

XLII)A Nanobody against TNF-alpha, which consist of 4 framework regions (FR1 to FR4

respectively) and 3 complementarity determining regions (CDR1 to CDR3

respectively), in which

a)

and

b)

and

CDRI1 comprises:

the amino acid sequence NYYMG; or

an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence NYYMG; or

an amino acid sequences that has 2 or only 1 amino acid difference with

the amino acid sequence NYYMG;

CDR2 comprises:

the amino acid sequence NISWRGYNIYYKDSVKG: or

an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence

NISWRGYNIYYKDSVKG: or
an amino acid sequences that has 2 or only 1 amino acid difterence(s)

with the amino acid sequence NISWRGYNIYYKDSVKG;

CDR3 comprises:

the amino acid sequence SILPLSDDPGWNTY; or
an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%

sequence identity with the amino acid sequence SILPLSDDPGWNTY;

or



20

25

30

CA 2962819 2017-03-30

-78 -

- an amino acid sequences that has 2 or only 1 amino acid difference with
the amino acid sequence SILPLSDDPGWNTY.

A Nanobody in accordance with XLII), in which CDR1 comprises the amino acid

sequence NYYMG.

A Nanobody in accordance with XLII), in which CDR2 compriscs the amino acid

sequence NISWRGYNIYYKDSVKG.

A Nanobody in accordance with XLII), in which CDR3 comprises the amino acid

sequence SILPLSDDPGWNTY.

A Nanobody in accordance with XILIT), in which:

- CDR1 comprises the amino acid sequence NYYMG; and CDR3 comprises the
amino acid sequence SILPLSDDPGWNTY:; or

- CDR1 comprises the amino actd sequence NYYMG; and CDR2 comprises the
amino acid sequence NISWRGYNIYYKDSVKG; or

- CDR2 comprises the amino acid sequence NISWRGYNIYYKDSVKG; and
CDR3 comprises the amino acid sequence SILPLSDDPGWNTY.

A Nanobody in accordance with XLII), in which CDR1 comprises the amino acid

sequence NYYMG; CDR2 comprises the amino acid sequence

- SILPLSDDPGWNTY and CDR3 comprises the amino acid sequence

ILPLSDDPGWNTY.

A Napobody in accordance with XIL1I), in which

- any amino acid substitution is preferably a conservative amino acid
- substitution; and/or

- said amino acid sequence preferably only contains amino acid substitutions,
and no amino acid deletions or msertions, compared to the above amino acid
sequence(s).

A Nanobody in accordance with XLI), which is a KERE-class Nanobody.

A Nanobody in accordance with XLII), which has at least 80%, preferably at least

90%, more preferably at least 95%, even more preferably at least 99% sequence

identity (as defined herein) with one of the amino acid sequences of SEQ ID NO’s

50 (TNF3), 83 (TNF20), 85 (TNF21), 85 (INF22), 96 (TNF23) or 99 (TNF33).

A Nanobody in accordance with XLIT), which is a humanized Nanobody.
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A Nanobody tn accordance with XLII), which has a K¢ rate for TNF of better than
2.107 (1/s), preferably better than 1.107 (1/s) ; or a humanized vanant of such a
Nanobody.

A Nanobody in accordance with XLII), which has an EC50 value in the cell-based
assay using KYM cells described in Example 1, under 3), of WO 04/041862 that is
better than the EC50 value of Nanobody VHH 3E (SEQ ID NO:4) of WO 04/041862
in the same assay; or a humanized variant of such a Nanobody.

A Nanobody 1n accordance with XLII), which has an EC50 value in the cell-based
assay using KYM cells described in Example 1, under 3), of WO 04/041862 that is
better than 5nM; or a humanized variant of such a Nanobody.

A Nanobody in accordance with XLII), which has an EC50 value in the cell-based
assay using KYM cells described in Example 1, under 3), of WO 04/041862 that is

better than 3nM; or a humanized variant of such a Nanobody.

XLIII) A Nanobody against TNF-alpha, which consist of 4 framework regions (FRI to

FR4 respectively) and 3 complementarity determining regions (CDR1 to CDR3
respectively), in which
a) CDRIlis:
- the amino acid sequence NYYMG; or==-
- an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence NYYMG; or
- an amino acid sequences that has 2 or only 1 amino acid difference with
the amino acid-sequence NYYMG;
and
b) CDR2is: ,
- the amino acid sequence NISWRGYNIYYKDSVKG; or
- an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence
NISWRGYNIYYKDSVKG; or

- an amino acid sequences that has 2 or only 1 amino acid difference(s)

with the amino acid sequence NISWRGYNIY YKDSVKG;

and
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c) CDR3is:
- the amino acid sequence SILPLSDDPGWNTY; or
- an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence SILPLSDDPGWNTY;
or
- an amino acid sequences that has 2 or only 1 amino acid difference with
the amino acid sequence SILPLSDDPGWNTY.
A Nanobody in accordance with XLIII), in which CDR1 is the amino acid sequence
NYYMG.
A Nanobody in accordance with XLIIT), in which CDR2 is the amino acid sequence
NISWRGYNIYYKDSVKG.
A Nanobody in accordance with XLIII), in which CDR3 is the amino acid sequence
SILPLSDDPGWNTY.
A Nanobody in accordance with XLIII), in which:
- CDRI is the amino acid sequence NYYMG; and CDR3 is the amino acid
sequence SILPLSDDPGWNTY; or
- ‘CDRI 1s the amino acid sequence NYYMG; and CDR2 is the amino dcid
sequence NISWRGYNIYYKDSVKG; or
- CDR?2 is the amino acid sequence NISWRGYNIYYKDSVKG: and CDR3 is
the amino acid sequence SILPLSDDPGWNTY.
A Nanobody 1n accordance with XLIII), in which CDR1 is the amino acid sequence
NYYMG; CDR2 is the amino acid sequence SILPLSDDPGWNTY and CDR3 is the
amino acid sequence [LPLSDDPGWNTY.
A Nanobody in accordance with XLIIT), in which
- any amino acid substitution is preferably a conservative amino acid
substitution; and/or
- said amino acid sequence preferably only contains amino acid substitutions,
and no amino acid delctions or insertions, compared to the above amino acid
sequence(s).
A Nanobody in accordance with XLIII), which is a KERE-class Nanobody.
A Nanobody in accordance with XLIII), which has at least 80%, preferably at least

90%, more preferably at least 95%, even more preferably at least 99% sequence
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identity (as defined herein) with onc of the amino acid sequences of SEQ ID NO’s
50 (TNF3), 83 (TNF20), 85 (TNF21), 85 (TNF22), 96 (TNF23) or 99 (TNF33).

A Nanobody in accordance with XLIII), which is a humanized Nanobody.

A Nanobody in accordance with XLIII), which has a K,y rate for TNF of better than
2.107 (1/s), preferably better than 2.107 (1/s) ; or a humanized variant of such a
Nanobody.

A Nanobody in accordance with XLIII), which has an EC50 value in the cell-based
assay using KYM cells described in Example 1, under 3), of WO 04/041862 that is
better than the EC50 value of Nanobody VHH 3E (SEQ ID NO:4) of WO 04/041862
in the same assay; or a humanized variant of such a Nanobody.

A Nanobody in accordance with XLIH), which has an EC50 value in the cell-based
assay using KYM cells described in Example 1, under 3), of WO 04/041862 that is
better than SnM; or a humanized variant of such a Nanobody.

A Nanobody in accordance with XLIII), which has an EC50 value in the cell-based
assay using KYM cells described in Example 1, under 3), of WO 04/041862 that is
better than 30M; or a humanized variant of such a Nanobody.

A Nanobody in accordance with XLIIT), which is chosen from the group consisting
of SEQ ID NO’s, 83 (TNF20), 85 (INF21), 85 (TNF22), 96 (TNF23) or 98
(TNF33)TNF 13 (SEQ ID NO: 76), TNF 14 (SEQ ID NO: 77), TNF 29 (SEQ ID
NO: 95) and TNF 30 (SEQ ID NO:96)

with some other preferred aspects being:

XLIV) A protein or polypeptide, which comprises or essentially consists of a Nanobody in

accordance with XULIT) or XLIID).

XLV) A protein or polypeptide, which comprises or essentially consists of at least one

Nanobody in accordance with XLIT} or XLII).

XLVI) A protein or polypeptide, which comprises two Nanobodies in accordance with

XLI) or XLIH).

XLV A protein or polypeptide, which comprises two Nanobodies in accordance

with XLIT) or XLII), and which is such that said protein or polypeptide, upon
binding to a TNT trimer, 1s capable inhibiting or reducing the TNF receptor
crosslinking that is mediated by said TNF trimer and/or the signal transduction that

1s mediated by such receptor crosslinking..
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XLVIID A protein or polypeptide, which comprises two Nanobodies in accordance

with XLII) or XLII), and which is capable of intramolecular binding to at least two
TNF receptor binding sites on a TNF trimer.

A protein or polypeptide in accordance with any one of XLIV) or XLVII),which
compriscs or essentially consists of the polypeptide TNF 6 (SEQ ID NO: 72) or TNF
9 (SEQ ID NO: 75, in which both Nanobodies TNF 3 have been humanized

A protein or polypeptide in accordance with any one of XLIV) or XLVIII), which is
pegylated.

A protein or polypeptide, which comprises two Nanobodies in accordance with
XLIT) or XLIH), and which is such that said protein or polypeptide, upon binding to
a TNF trimer, is capable inhibiting or reducing the TNF receptor crosslinking that is
mediated by said TNF trimer and/or the signal transduction that is mediated by such
receptor crosslinking; and/or which is such that said protein or polypeptide is
capable of intramolecular binding to at least two TNF receptor binding sites on a
TNF trimer, and which protein or polypeptide further comprises at least one
Nanobody dirccted against human serum albumin.

A protein or polypeptide in accordance with any one of XLIV) or XL VIII), in which
the at least onc Nanobody directed against human serum albumin is a humanized
Nanobody.

A protein or polypeptide in accordance with any one of XLIV) or XL VIII), in which
the at least one Nanobody directed against human serum albumin is a humanized
variant of the Nanobody ALB 1 (SEQ ID NO: 63).

A protein or polypeptide in accordance with any one of XLIV) or XLVII), in which
the at least one Nanobody directed against human serum albumin is a chosen from
the group consisting of ALB 3 (SEQ ID NO: §87), ALB 4 (SEQ ID NO: 88), ALB S
(SEQ ID NO: 89), ALB 6 (SEQ ID NO: 100), ALB 7 (SEQ ID NO: 101), ALB 8
(SEQ ID NO: 102) ALB 9 (SEQ ID NO: 103) and ALB 10 (SEQ ID NO: 104).

A protein or polypeptide in accordance with any one of XLIV) or XLVIII), in which
the at least one Nanobody directed against human serum albumin is ALB 8.

A protein or polypeptide in accordance with any one of XLIV) or XLVII), which
comprises or essentially consists of two humanized Nanobodies in accordance with

any one of XLIV) or XL VII) and one humanized variant of the Nanobody ALB 1
{SEQ ID NO: 63).
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- A protein or polypeptide in accordance with any one of XLIV) or XLVII), which
comprises or essentially connsists of the polypeptide TNF26 (SEQ ID NO: 92), in
which both the Nanobodies TNF 3 as well as the Nanobody ALB 1 has been
humanized.

It should be noted that when a Nanobody is mentioned above as being “in
accordance with XLII" or “in accordance with XLIII'", it is at least according to one of
XLII) and/or XLII), and may also include any one or more of the other aspects that are
indicated as being “in accordance with XLII)” or “in accordance with XLII)” above.
Similarly, when a protein or polypeptide is mentioned above as being “in accordance with
any one of XLIV) or XLVII)”, it is at least according to one of XL) to XLI), may be
according to two or more of XLIV) to XLVIII), and may also iﬁclude any one or more of
the other aspects that are indicated as being “in accordance with any one of XLIV) or
XLVIiI) above.

For the Nanobodies based on Nanobody TNF3 above (including but not limited to
the humanized Nanobodies), the framework sequences may generally be as described
herein, and preferably are as follows:

a) FRI comprises or is:

- the amino acid sequenee of SEQ ID NO: 138;0r

- an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence of SEQ ID NO: 138; or

- an amino acid sequences that has only 1 amino acid difference with the
amino acid sequence of SEQ ID NO: 138;

and

b)  FR2 comprises or is:

- the amino acid sequence of SEQ ID NO: 206; or

- an amino acid sequence that has at least 0%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence of SEQ ID NO: 206; or

- an amino acid sequences that has 2 or only ! amino acid difference(s)
with the amino acid sequence of SEQ 1D NO: 206;

and

¢)  FR3 comprises or is:
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- the amino acid sequence of SEQ ID NO: 274; or
- an amino acid sequence that has at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence of SEQ ID NO: 274; or
- an amino acid sequences that has only 1 amino acid difference with the
amino acid sequence of SEQ ID NO: 274,
and
d}  FR4 comprises or is:
- the amino acid sequence of SEQ ID NO: 342; or
- an amino acid sequence that has at least §0%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99%
sequence identity with the amino acid sequence of SEQ ID NO: 342; or
- an amino acid sequences that has only 1 amino acid difference with the
amino acid sequence of SEQ ID NO: 342;
in which the amino acid differences present in the framework sequences are more
preferably as described herein.

In another aspect, the invention relates to a Nanobody with an amino acid sequence
that is chosen from the group consisting of SEQ ID NO}’S:— 52 to 60, frem the group
consisting of SEQ ID NO’s: 76 to 86, from the group consisting of SEQ ID NO’s: 95 to
99, from the group consisting of SEQ ID NO’s 105 to 129 or from the group coansisting 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 one or more of the amino acid sequences of SEQ ID NO’s: 52 to 60, SEQ ID NO’s:
76 to 86, SEQ ID NO’s: 95 to 99 or SEQ ID NO’s 105 to 129, in which the latter amino
acid sequences most preferably have framework sequences that are as further defined
below under the general description of the framework sequences of Nanobodies.

According to a specific, but non-limiting embodiment, the latter amino acid
sequences are “humanized”, as further described herein.

Most preferably, the Nanobodies of the invention are chosen from the group
consisting of SEQ ID NO’s: 52 to 60, from the group consisting of SEQ ID NO’s: 76 to
86, from the group consisting of SEQ ID NO’s: 95 to 99, or from the group consisting of
SEQID NO’s 105 to 129, of which the “humanized” Nanobodies of SEQ ID NO’s 76 to

86 and SEQ ID NO’s: 95 10 99 may be particularly preferred.
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As mentioned above, a particularly preferred Nanobody of the invention is the
clone PMPIC2 (TNF1; SEQ ID NO: 52). Thus, in a preferred aspect, the invention relates
to a Nanobody with an amino acid scquence that is chosen from the group consisting of
SEQ ID NO: 52 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 the amino acid sequence of SEQ ID
NO:52, in which the latter amino acid sequences most preferably have framework
sequences that are as further defined below under the general description of the framework
sequences of Nanobodies.

Particularly preferred are humanized vanants of the clone PMP1C2 (TNFI; SEQ
ID NO: 52). Some preferred, but non-limiting examples of such humanized variants arc
the clones TNF13 (SEQ ID NO: 76 ), TNF14 (SEQ ID NO:77), TNF29 (SEQ ID NO: 95)
and TNF 30 (SEQ ID NO: 96). Thus, in a preferred aspect, the invention relates to a
humanized Nanobody with an amino acid sequence that is chosen from the group
consisting of SEQ ID NO’s: 76, 77, 95 or 96, 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 one of the
amino acid sequences of SEQ-ID NO’s: 76, 77,95 or 96, in which the latter amino acid
sequences most preferably have framework sequences that are as further defined below
under the general description of the framework sequences of Nanobodies.

According to one preferred embodiment, the Nanobody of the invention is a
humanized variant of the Nanobody TNF 1 (SEQ ID NO: 52).

Some preferred aspects of this embodiment of the invention are:

XLIX) A humanized vanant of the Nanobody TNF 1, which has a Koff rate for TNF of
better than 2.10-3 (1/s), preferably better than 1.10-3 (1/s).

L) A humanized variant of the Nanobody TNF 1, which has an EC50 value in the cell-
based assay using KYM cells described in Example 1, under 3), of WO 04/041862
that is better than the EC50 value of Nanobody VHH 3E (SEQ ID NO:4) of WO
04/041862 in the same assay.

LI) A humanized variant of the Nanobody TNF 1, which has an EC50 value in the cell-
based assay uvsing KYM cells deseribed in Example 1, under 3), of WO (4/041862

that 1s better than 5nM.
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LI) A humanized vanant of the Nanobody TNF 1, which has an EC50 value in the cell-
based assay using KYM cells described in Example 1, under 3), of WO 04/041862
that is better than 3nM.

LINI) A protein or polypeptide, which comprises or essentially consists of at least one
Nanobody which is a humanized variant of the Nanobody TNF 1 in accordance with
any one of XLIX) to LII}

LIV) A protein or polypeptide, which comprises or essentially consists of two Nanobodies
which are humanized variants of the Nanobody TNF 1 in accordance with any one
of XLIX) to LII) {optionally linked via a linker).

LV) A protein or polypeptide, which comprises or essentially consists of two Nanobodies
which are humanized variants of the Nanobody TNF 1 in accordance with any one
of XLIX) to LII) (optionally linked via a linker), and which is such that said protein
or polypeptide, upon binding to a TNF trimer, is capable inhibiting or reducing the
TNF receptor crosslinking that is mediated by said TNF trimer and/or the signal
transduction that is mediated by such receptor crosslinking..

LVI) A protein or polypeptide, which comprises or essentially consists of two Nanobodies
which are humanized variants of the Nanobody TNF I in accbrdance with any one
of XLIX) to LII) and which is capable of intramelecular binding-to at least two TNF
receptor binding sites on a TNF trimer.

LVIDA protein or polypeptide which comprises or essentially consists of the polypeptide
TNF 7 (SEQ ID NO: 73), in which both Nanobodies TNF 1 have been humanized.

LVIII) A protein or polypeptide which comprises or essentially consists of the polypeptide
TNF 7 (SEQ ID NO: 73), in which both Nanobodies TNF 1 have been humanized,
and which is pegylated.

LIX) A protein or polypeptide, which comprises or essentially consists of two Nanobodies
which are humanized variants of the Nanobody TNF 1 in accordance with any one
of XLIX) to LII), and which further comprises at least one Nanobody directed
against human serum albumin.

LX) A protein or polypeptide, which comprises or essentially consists of two Nanobodies
which are humanized vériants of the Nanobody TNF 1 in accordance with any one
ot XLIX) to LII), which arc cach linked (optionally linked via a linker) to one

Nanobody directed against human serum albumin.
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- A protein or polypeptide in accordance with any one of LIII) to LX), in which the at

least one Nanobody directed against human serum albumin is a humanized

Nanobody.

- A protein or polypeptide in accordance with any one of LII) to LX), in which the at
least one Nanobody directed against human serum albumin is a humanized variant of
the Nanobody ALB 1 (SEQ ID NO: 63).

- A protein or polypeptide in accordance with any one of LIII) to LX), in which the at

least one Nanobody directed against human serum albumin is a chosen from the

group consisting of ALB 3 (SEQ ID NO: 87), ALB 4 (SEQ ID NO: 88), ALB 5

(SEQ ID NO: 89), ALB 6 (SEQ 1D NO: 100), ALB 7 (SEQ ID NO: 101), ALB 8

(SEQID NO: 102) ALB 9 (SEQ ID NO: 103) and ALB 10 (SEQ ID NO: 104).

A protein or polypeptide in accordance with any one of LIII) to LX), in which the at

least one Nanobody directed against human serum albumin is ALB 8.

- A protein or polypeptide in accordance with any one of LI} to LX), which
comprises or essentially consists of the polypeptide TNF24 (SEQ ID NO: 90), in
which both the Nanobody TNF I as well as the Nanobody ALB TNF | has been
humanized.

- A protein or pulypeptide in accordance with any one of LIOI) to LX), which—
comprises or essentially consists of two Nanobodies TNF 30 and one Nanobody
ALB 8.

According to one preferred embodiment, the Nanobody of the invention is a

humanized vanant of the Nanobody TNF 3 (SEQ ID NO: 60).

Some preferred aspects of this embodiment of the invention are:

LXI) A humanized variant of the Nanobody TNF 3, which has a Koff rate for TNF of
better than 2.10-3 (1/s), preferably better than 1.10-3 (1/s).

LXII)A humanized variant of the Nanobody TNF 3, which has an EC50 value in the cell-
based assay using KYM cells described in Example 1, under 3), of WO 04/041862
that is better than the EC50 valuec of Nanobody VHII 3E (SEQ ID NO:4) of WO
04/041862 in the same assay.

LX) A humanized variant of the Nanobody TNF 3, which has an EC50 value in the cell-
based assay using KYM cells descrnibed in Example 1, under 3), of WO 04/041862

that 1s better than SnM.
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[L.XIV) A humanized variant of the Nanobody TNF 3, which has an EC50 value in the cell-
based assay using KYM cells described in Example 1, under 3), of WO 04/041862
that is better than 3nM.

LXV) A protein or polypeptide, which comprises or essentially consists of at least one
Nanobody which is a humanized variant of the Nanobody TNF 3 in accordance with
any one of LXI) 1o LXIV)

LXVI) A protein or peolypeptide, which comprises or essentially comsists of two
Nanobodies which are humanized variants of the Nanobody TNF 3 in accordance
with any one of LXI) to LXIV) (optionally linked via a linker).

LXVID) A protein or polypeptide, which comprises or essentially consists of two
Nanobodies which are humanized variants of the Nanobody TNF 3 in accordance
with any one of LXI) to LXIV) (optionally linked via a linker), and which is such
that said protein or polypeptide, upon binding to a TNF trimer, is capable inhibiting
or reducing the TNF receptor crosslinking that is mediated by said TNF trimer
and/or the signal transduction that 1s mediated by such receptor crosslinking..

LXVILI) A protein or polypeptide, which comprises or essentially consists of two
Nanobodies which are humanized variants of the Nanobody TNF 3 in accordance
with any one of LXI) to LXIV) and which is capable-of intramolecular binding to at
least two TNF receptor binding sites on a TNF trimer.

LXIX) A protein or polypeptide which comprises or essentially consists of the polypeptide
TNF 6 (SEQ ID NO: 72) or TNF 9 (SEQ ID NO: 75), in which both Nanobodies
TNF 3 have been humanized.

LXX) A protein or polypeptide which comprises or essentially consists of the polypeptide
TNF 6 (SEQ ID NO: 72) or TNF 9 (SEQ ID NO: 75), in which both Nanobodies
TNF 3 have been humanized, and which is pegylated. '

LXXI) A protein or polypeptide, which comprises or essentially consists of two
Nanobodies which are humanized variants of the Nanobody TNF 3 in accordance
with any one of LXI) to LXIV), and which further comprises at least one Nanobody
directed against human serum albumin.

LXXII) A protein or pelypeptide, which comprises or essentially consists of two
Nanobodies which are humanized variants of the Nanobody TNF 3 in accordance
with any one of L.XI) to LXIV), which are each linked (optionally linked via a

linker) to one Nanobody directed against human serum albumin.
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- A protein or polypeptide in accordance with any one of LXV) to LXXII), in which
the at least onc Nanobody dirccted against human serum albumin is a humanized
Nanobody.

- A protein or polypeptide in accordance with any onc of LXV) to LXXII), in which
the at least one Nanobody directed against human serum albumin is a humanized
variant of the Nanobody ALB | (SEQ ID NO: 63).

- A protein or polypeptide in accordance with any one of LXV) to LXXII), in which
the at least one Nanobody directed against human serum albumin is a chosen from
the group consisting of ALB 3 (SEQ ID NO: 87), ALB 4 (SEQ ID NO: 88), ALB 5
(SEQ ID NO: 89), ALB 6 (SEQ ID NO: 100), ALB 7 (SEQ ID NO: 101), ALB 8
(SEQ ID NO: 102) ALB 9 (SEQ ID NO: 103) and ALB 10 (SEQ ID NO: 104).

- A protein or polypeptide in accordance with any one of LXV) to LXXID), in which
the at least one Nanobody directed against human serum albumin is ALB 8.

- A protein or polypeptide in accordance with any one of LXV) to LXXII), which
comprises or esscntially consists of the polypeptide TNF26 (SEQ ID NO: 92), in
which both the Nanobodics TNF 3 'as wcll as the Nanobody ALB 1 has been
humanized.

In another aspect, the invention relates to a polypeptide that comprises .or
essentially consists of at least one Nanobody against TNF-alpha as defined herein. Such
polypeptides are also referred to herein as “polypeptides of the invention” and may be as
further described hereinbelow and/or as generally described in WO 04/041862 for the
Nanobodies disclosed therein, and may for example be multivalent polypeptides or
multispecific polypeptides, again as further described hereinbelow.

Preferably, a polypeptide of the invention is either bivalent or trivalent (i.e.
comprising two or three Nanobodies of the invention, respectively, optionally linked via
one or two linkers as defined below, respectively) or a multispecific polypeptide,
comprising one or two, and preferably two, Nanobodies of the invention and at least onc
Nanobody directed against a serum protein, and in particular against a human serum
protein, such as against human serum albumin.

In one preferred, but non-limiting embodiments, the Nanobodies of the invention
present in the polypeptides of the invention are chosen from the group consisting of SEQ
ID NO’s: 52 to 60 and SEQ ID NO’s 105-129 or from humanized variants thereof, and in
particular from the “humanized” Nanobodies of SEQ ID NO’s 76 to 86 and SEQ ID NO's:



15

20

25

30

CA 2962819 2017-03-30

-90 -

95 to 99. The Nanobodies against human serum albumin present in the polypeptides of the
invention are preferably as defined below, and are more preferably chosen from the group
conststing of SEQ ID NO’s: 61 to 67, SEQ ID NO’s: 87 to 89 and SEQ ID NO’s: 100-104,
and in particular from the “humanized” Nanobodies against human serum albumin of SEQ
ID NO’s 76 to 86 and SEQ ID NO’s 100-104.

With respect to the Nanobodies that are present in the polypeptides of the
invention, it will be clear to the skilled person that the Nanobodies that are mcn‘tioned
herein as “preferred” (or as "more preferred”, “even more preferred”, etc.) are also
preferred (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 of the invention will generally be more preferred, etc..

Thus, in the invention, polypeptides that comprise one or more Nanobodies that
essentially consist of one of the preferred variants of clone PMP1C2 (TNF1; SEQ ID NO:
52), in which said preferred vanants are as defined herein, are particularly preferred. Even
more preferred are polypeptides that comprise one or more Nanobodies that essentially
consist of one of the humanized varants of clone-BMP1C2 (TNF1; SEQ ID NO: 52), in
which said humanized variants are as defined herein (examples being, without limitation,
TNF13, TNF14, TNF29 and TNF30). TNF30 is a particularly preferrced humanized
“building block™ for use in the polypeptides of the invention.

Some pref¢ned, but non-limiting examples of such proteins and polypeptides are
PMPIC2 itself, the humanized variants TNF13, TNF14, TNF29 and TNF30; the
constructs of SEQ ID NO: 70 (TNF4), SEQ ID NO: 73 (TNF7), SEQ ID NO: 90 (TNF24),
SEQ ID NO: 93 (TNF27); and the constructs of SEQ ID NO: 417 (TNF60), SEQ ID NO:
419 (TNF55) and SEQ ID NO: 420 (TNF56), in which the latter three constructs contain
the humanized vanant TNF 30 as a building block.

As mentioned herein, the Nanobodies and constructs described herein may be
pegylated, or contain one or more (additional) amino acid residues that allow for
pegylation and/or facilitate pegylation. Two preferred, but non-limiting examples of such

polypeptides are TNEFS55 and TNF56, which both contain an additional cysteine residue for
easy attachment of a PEG-group.
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Some preferred, but non-limiting examples of polypeptides of the invention are the
bivalent polypeptides of the invention of SEQ ID NO’s: 70 to 75 and the multispecific
polypeptides of the invention of SEQ ID NO’s: 90 to 94 and SEQ ID NO’s 417 to 420.

As can be seen from the data represented below, and in particular from the data
given in the Comparative Example, the Nanobodies and/or polypeptides of the invention
have improved properties. In particular, the proteins and polypeptides of the invention
may havean improved affinity for human TNF-alpha (expressed as the ECsg-valuc in the
KYM assay described herein), compared to the commercially available anti-TNF
biologicals Enbrel™, Humira™ and Remicade™. Also, the Nanobodies described herein
may have an improved affinity for TNF-alpha compared to best performing Nanobody
described in the International application WO 04/041862. It can thus be expected that
polypeptides of the invention comprising at least one of the Nanobodies of the invention
will also have improved properties compared to polypeptides that comprise only the
Nanobodies against TNF-alpha described in WO 04/041862.

More in particular, a polypeptide as described herein that comprises two or more
(and preferably two) Nanobodies as herein (and optionally for example a Nanobody
against human serum albumin), has an an EC50 value in the cell-based assay using KYM
cells=described in Example 1, under 3), of WO 04/041862 that is better-than_the ECS0-
value of Humira® en Remicade ®, and preferably also better than Enbrel® in the same
assay.

For example, such a protein or polypeptide preferably has an EC50 value in the cell-
based assay using KYM cells described in Example 1, under 3), of WO 04/041862 that is
better than 0.2 nM, preferably better than 0.1 nM, such as betet than 0.7 Nm and in
particular better than 0.4 nM. _

It has also been shown by applicants that Nanobodies against mouse TNF-alpha and
polypeptides comprising Nanobodies against mouse TNF-alpha show a beneficial
biological activity in the following disease models (data not shown):

- The dextran sulfate sodium (“DSS”) model of colitis, using both regular mice as

well as [L-10 knock out mice, as described by Okayasu et al. (Gastroenterol 1990,

98(3): 694)

- The collagen induced arthritis (“CIA™) model of arthritis (“RA™), as described by

Courtenay et al. (Nature 1980, 283(5748): 666), using both regular mice as well as

[1.-10 knock out mice;
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- The IL-10 knockout mice model of IBD, as for example described by Rennick ef
al. (Clin Immunol Immunopathol 1995, 76(3 Pt 2): S174)
- The Kollias model of RA as for example described by Keffer et al. (EMBO J 1991,

10(13): 4025)

- The 2,4,6-trinitrobenzenesulphonic acid (“ITNBS”) model of IBD, as described by

Elson er al. (J Immunol 1996, 157(5): 2174)

- The CIA model of RA, described by Coppieters et al (Arthritis Rheam. 2006,
54(6):1856-66);

- The synovial-derived fibroblast model (described below); and

- The murine air pouch model.

Preferably, the Nanobodies described herein are better than Nanobody 1A from
WO 04/041862 in at least one of these models, and preferably in all of these modcls; and
more preferably are better than Nanobody 3E from WO 04/041862 in at least one of these
models, and preferably in all of these models. Also, the polypeptides described herein are
preferably equivalent to or better than Humira® or Remicade® in at least one of these
models, and preferably in all of these models; and more preferably also equivalent to or
better than Enbrel® in at least.one of-these.models, and preferably in all of these models.

These data confirm that Nanobodics against TNF-alpha and polypeptides
containing the same, such as the Nanobodies and polypeptides described in WO
04/041862 and in particular the Nanobodies and polypeptides described herein, should
have therapeutic efficacy against TNF mediated diseases and disorders, such as the
diseases and disorders mentioned above.

In another aspect, the invention relates to a nucleic acid that encodes a Nanobody
of the invention and/or a polypeptide of the invention. Such a nucleic acid will also be
referred to below as a “nucleic acid of the invention” and may for example be in the form
of a genetic construct, as defined below.

In another aspect, the invention relates to host or host celi that expresses or is
capable of expressing a Nanobody of the invention and/or a polypeptide of the invention;
and/or that contains a nucleic acid encoding a Nanobody of the invention and/or a
polypeptide of the invention. Such a host or a host cell may also be analogous to the hosts
and host cells described in WO 04/041862, but expressing or capable of expressing a
Nanobody of the invention and/or a polypeptide of the invention and/or containing a

nucleic acid as described herein.
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The invention further relates to a product or composition containing or comprising
a Nanobody of the invention, a polypeptide of the invention; and/or a nucleic acid of the
nvention. Such a product or composition may for example be a pharmaceutical
composition (as described below) or a product or composition for diagnostic use (as also
described below). Such a product or composition may also be analogous to the products
and compositions described in WO 04/041862, but containing or comprising a Nanobody
of the invention, a polypeptide of the invention or a nucleic acid of the invention.

The invention further relates to methods for preparing or generating the
Nanobodies, polypeptides, nucleic acids, host cells, products and compositions as
described herein, which methods are as further described below. Also, generally, the
Nanobodies, polypeptides, nucleic acids, host cells, products: and compositions described
herein may also be prepared and used in a manner analogous to the manner described in
WO 04/041862.

The invention further relates to applications and uses of the above Nanobodies,
polypeptides, nucleic acids, host cells, products and compositions described herein, which
applications and uses include, but are not limited to, the applications and uses described
hereinbelow and/or the further uses and applications for Nanobodies agamst TNF—alpha
and/or for polypeptides containing the same in WO 04/041862. B

Other aspects, embodiments, advantages and applications of the invention will

become clear from the further description hereinbelow.

Detailed description of the invention

The above and other aspects and embodiments of the invention will become clear
from the further description hereinbelow, in which:
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 et al, "Molecular Cloning: A Laboratory Manual® (
2nd.Ed.), Vols. 1-3, Cold Spring Harbor Laboratory Press (1989); F. Ausubel et al, eds.,
"Current protocols in molecular biology”, Green Publishing and Wiley Interscience, New
York (1987); Lewin, “Genes II”’, John Wiley & Sons, New York, N.Y., (1985);, Old et al,
“Principles of Gene Manipulation: An Introduction to Genetic Engineering”, 2nd edition,
University of California Press, Berkeley, CA (1981); Roitt ¢t al., “Immunol logy™ (6th.
Ed.), Mosby/Elsevier, Edinburgh (2001); Roitt et al., Roitt’s Essential Immunology, 10th
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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 otherwise, the term “immunoglobulin sequence” - whether it used
herein to refer to a heavy chain antibody or to a conventional 4-chain antibody - is used as
a general term to mclude both the full-size antibody, the individual chains thereof, as well
as all parts, domains or fragments thereof (including but not limited to antigen-binding
domains or fragments such as Vyy domains or Vy/Vi domains, respectively). In addition,
the term “sequence” as used herein (for example in terms like “immunoglobulin
sequence”, “antibody sequence”, “variable domain sequence”, “Vyy 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;

c) 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, to the general background art referred to above and to the
further references cited therein; —=

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

letter amino acid code, as mentioned in Table 1;
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Table 1: one-letter and three-letter amino acid code

Nonpolar, Alanine Ala A
uncharged Valine Val \%
(at pH 6.0 —| Leucine Leu L
7.0)% [soleucine Ile I
Phenylalanine Phe F
Methionine'"’ Met M
Tryptophan Trp w
Proline Pro P
Polar, Glycine” Gly G
uncharged Serine Ser S
(at pI1 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 N R
(at pH 6.0-7.0) [ Histidine'” His H
Aspartate Asp D
Glutamate Glu E
Notes:
(n Sometimes also considered to be a polar uncharged amino acid,
@ Sometimes also considered to be a nonpolar uncharged amino acid.

(3) 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 residue 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 cither charged and/or
uncharged at such a higher or lower pH, as will be clear to the skilled person.

{4) As is known i the art, the charge of a His residue 1s greatly dependant upon even

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

of'about 6.5.
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e) 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 [100%], 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 for 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 1085 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 sequences 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
of “sequence identity” between a first amino acid sequence and a second amino acid
sequence 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 theAsecond amino acid sequence] by [t-hé total number of amino acid residues
in the Jirst amino acid sequence} and multiplying by [/00%), in which each deletion;
insertion, substitution or addition of an amino acid residue iﬂ 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 below,

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

determining the degree of sequence identity for nucleotide sequences, again using standard

settings.
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Usually, for the purposc of determining the percentage of “sequence identity”
between two amino acid sequences in accordance with the calculation method outlined
hereinabove, the amine 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 of 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-2 357 768, 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 teachings 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 onc amino
acid within the following groups (a) — () is substituted by another amino acid residuc
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, Leuw, Ile, Val and Cys; and (¢) aromatic residues: Phe,
Tyrand Trp.

Particularly preferred conservative substitutions are as follows: Ala into Gly or into
Ser; Arg into Lys; Asn into Gln or into His; Asp into Glu; Cys into Ser; Gln into Asn; Glu
into-Asp; Gly-inte Ala or into-Pro; His into Asn or.into. Gln;-Ile into Leu-or into Val; Leu
inio 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 tnto 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
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
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the analysis of hydrophobicity patierns in proteins developed by Eisenberg ct 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. Information on
the primary, secondary and tertiary structure of Nanobodies given in the description herein
and in the general background art cited above. Also, for this purpose, the crystal structure
of a VHH domain from a llama is for example given by Desmyter ct al., Nature Structural
Biology, Vol. 3, 9, 803 (1996); Spinelli et al., Natural Structural Biology (1996); 3, 752-
757; and Decanniere ct al., Structure, Vol. 7, 4, 361 (1999). Further information about
some of the amino acid residues that in conventional VH domains form the VH/VL
interface and potential camelizing substitutions on these positions can be found in the prior
art on Nanobodies cited herein;

£ amino acid sequences and nucleic acid sequences are said to be “exactly the same”
if they have 100% sequence identity (as defined herein) over their entire length;

g) 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
amine-acid-sequenees can contain one, two or more such amino acid differences; - -
h) 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

blologlcal ‘component or macromolccule or at least one comammant 1mpur1ty or minor

component. In particular, a nucleic acid sequence or amino amd sequence is consxdered
“essentially isolated” when it has been purified at least 2-fold, in particular at least 10-
fold, more in particular at least 100-fold, and up to 1000-fold or more. A nucleic acid
sequence or amino acid sequence that is “in essentially isolated form” is preferably
essentially homogeneous, as determined using a suitable technique, such as a suitable
chromatographical technique, such as polyacrylamide-gelelectrophoresis;

i) The term “domain” as used herein generally refers to a globular region of an
antibody chain, and in particular to a globular region of a heavy chain antibody, or to a

polypeptide that essentially consists of such a globular region. Usually, such a domain will
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comprise peptide loops (for example 3 or 4 peptide loops) stabilized, for example, as a
sheet or by disulfide bonds.

k) 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 molccule. The terms “antigenic
determinant” and “epitope’ may also be used interchangeably herein.

) An amino acid sequence (such as a Nanobody, an antibody, a polypeptide of the
invention, or generally an antigen binding protein or polypeptide or a fragment thereof)
that can bind to, that has affinity for and/or that has specificity for a specific antigenic
determinant, epitope, antigen or protein (or for at least one part, fragment or epitope
thereof) is said to be “against” or “directed against” said antigenic determinant, epitope,
antigen or protein.

m)  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 a2 Nanobody or a polypeptide of the invention) molecule 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 (KD), is a.measure for the binding strength
between an antigenic determinant and an antigen-binding site on the antigen-binding
protein: the lesser the value of the KD, 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/KD). 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 -measure-of.-the strength. of binding between an antigen-binding molecule

(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 Nanobodies
and/or polypeptides of the invention) will bind with a dissociation constant (KD) of 107 to
107" moles/liter {M) or less, and preferably 107 0 107" molesliter (M) or less and more
preferably 107 to 1072 moles/liter, and/or with an association constant(Ka) of at least 107

M, preferably at least 10° M, more preferably at least 10° M-1, such as at least 10'2 M|
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Any Kp value greater than 107 M is generally considered to indicate non-specific binding.
Preferably, a Nanobody or polypeptide of the invention will bind to the desired antigen
with an Kp 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 antigen
or antigenic detcrminant can be determined in any suitable manner known per se,
including, for example, Scatchard analysis and/or competitive binding assays, such as
radioommunoassays (RIA), enzyme immunoassays (EIA) and sandwich competition
assays, and the different variants thereof known per se in the art.

n) as further described hereinbelow, the amino acid sequence and structure of a
Nanobody can be considered - without however being limited thereto - to be comprised of
four framework regions or “FR’s”, which are referred to in the art and hereinbelow as
“Framework region [I” or “FRI"; as “Framework region 27 or’FR2”; as “Framework
region 3”7 or “FR3”, and as “Framework region 47 or “FR{™, 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
“CDRI”; us “Complementarity Determining Region 2" or "CDR2”; and as
“Complementarity Determining Region 3" or “CDR3”, respectively; )

0) - as-also further describe hereinbelow, 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. Tt should however be noted that parts, fragments or analogs (as further described
hereinbelow) of a Nanobody are not particularly limited as to their length and/or size, as
long as such parts, fragments or analogs meet the further requirements outlined
hereinbelow and are also preferably suitable for the purposes described herein;

p) the amino acid residues of a Nanobody are numbered according to the general
numbering for Vi domains given by Kabat et al.-(“Sequence of proteins af immunological
interest”, US Public Health Services, NIH Bethesda, MD, Publication No. 91), as applied
to Vi domains from Camelids in the article of Riechmann and Muyldermans, referred to
above (see for example Figure 2 of said reference). According to this numbering, FR1 of
a Nanobody comprises the amino acid residues at positions 1-30, CDRI of a Nanobody
comprises the amino acid residucs at positions 31-36, 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
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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 V;; domains and for Vyy;; domains -
the total number of amino acid residues in each of 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 scquence 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 numbering corresponds 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 Vy domains, which
methods can also be applied in an analogous manner to Vyy domains from Camelids and
to Nanobodies, are the method described by €hothia 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 applied to
Vuy domains by Riechmann and Muyldermans will be followed, unless indicated
otherwise; and
qQ) 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.

For a general description of heavy chain antibodies and the varable domains
thereof, reference is inter alia made to the following references, 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 01740310, 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
Vliaams Instituut voor Biotechnologie (VIB); WO 03/050531 of Algonomics N.V. and
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applicant; WO 01/90190 by the National Research Council of Canada; WO 03/025020 (=
EP 1433 793) by the Institute of Antibodics; as well as WO 04/041867, WO 04/041862,
WO 04/041865, WO 04/041863, WO 04/062551 by applicant and the further published
patent applications by applicant;

Hamers-Casterman ct al., Nature 1993 June 3; 363 (6428): 446-8; Davies and Riechmann,
FEBS Lett. 1994 Feb 21; 339(3): 285-90; Muyldermans et al., Protein Eng. 1994 Sep;
7(9): 1129-3; Davies and Riechmann, Biotechnology (NY) 1995 May; 13(5): 475-9;
Gharoudi et al., 9th Forum of Applied Biotechnology, Med. Fac. Landbouw Univ. Gent.
1995; 60/4a part I 2097-2100; Davies and Ricchmann, Protein Eng. 1996 Jun; 9(6): 531-
7, Desmyter et al., Nat Struct Biol. 1996 Sep; 3(9): 803-11; Sheriff et al., Nat Struct Biol.
1996 Sep; 3(9): 733-6; Spinelli et al., Nat Struct Biol. 1996 Sep; 3(9): 752-7: Arbabi
Ghahroudi ct al., FEBS Lett. 1997 Sep 15; 414(3): 521-6; Vu et al., Mol Immunol. 1997
Nov-Dec; 34(16-17): 1121-31; Atarhouch et al., Journal of Camel Practice and Research
1997; 4: 177-182; Nguyen et al., J. Mol. Biol. 1998 Jan 23; 275(3): 413-8; Lauwereys et
al., EMBO J. 1998 Jul I; 17(13): 3512-20; Frenken et al,Res Immunol. 1998 Jul-
Aug;149(6):589-99; Transuc ct al,, Proteins 1998 Sep 1; 32(4): 515-22; Muyldermans and
Lauwereys, J. Mol. Recognit. 1999 Mar-Apr; 12 (2): 131-40; van der Linden et al.,
Biochim. Biophys. Acta 1999 Apr 12; 1431(1): 37-46.; Decanniere et-al., Structure-Fold.
Des. 1999 Apr 15; 7(4): 361-70; Ngyuen et al., Mol. Immunol. 1999 Jun; 36(8): 515-24;
Woolven et al, Immunogenctics 1999 Oct; 50 (1-2): 98-101; Riechmann and
Muyldermans, J. Immunol. Methods 1999 Dec 10; 231 (1-2): 25-38; Spinelli et al.,
Biochemistry 2000 Feb 15; 39(6): 1217-22; Frenken et al., J. Biotcchnol. 2000 Feb 28:
78(1): 11-21; Npuyen et al.,, EMBO J. 2000 Mar 1; 19(5): 921-30; van der Linden et al., J.
Immunol. Methods 2000 Jun 23; 240 (1-2): 185-95; Decanniere et al., J. Mol. Biol. 2000
Jun-30;-300-(1):-83-91;-van-der-Linden et al.;-J.-Biotechnol. 2000 Jul-14; 80(3): -261-70;
Harmsen et al., Mol. Immunol. 2000 Aug; 37(10): 579-90; Perez ct al., Biochemistry 2001
Jan 9; 40(1): 74-83; Conrath et al, J. Biol. Chem. 2601 Mar 9; 276 (10): 7346-50,
Muyldermans et al, Trends Biochem Sci. 2001 Apr;26(4):230-5; Muyldermans S, J.
Biotechnol. 2001 Jun; 74 (4): 277-302; Desmyter et al, J. Biol. Chem. 2001 Jul 13 ;276
(28): 26285-90; Spinelli et al., J. Mol. Biol. 2001 Aug 3; 311 (1): 123-9; Conrath et al.,
Antimicrob Agents Chemother. 2001 Oct; 45 (10): 2807-12; Decanniere et al, J. Mol.
Biol. 2001 Oct 26; 313(3): 473-8; Nguyen et al., Adv Immunol. 2001; 79: 261-96;
Muruganandam ct al., FASEB J. 2002 Feb; 16 (2): 240-2; Ewert et al., Biochemistry 2002
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Mar 19; 41 (11): 3628-36; Dumoulin et al., Protein Sci. 2002 Mar; 11 (3): 500-15; Cortez-
Retamozo et al,, Int. I. Cancer. 2002 Mar 20; 98 (3): 456-62; Su et al., Mol. Biol. Evol.
2002 Mar; 19 (3): 205-15; van der Vaart JM., Methods Mol Biol. 2002; 178: 359-66;
Vranken et al., Biochemistry 2002 Jul 9; 41 (27): 8570-9; Nguyen et al., Immunogenetics
2002 Apr; 54 (1): 39-47; Renisio et al., Proteins 2002 Jun 1; 47 (4): 546-55; Desmyter et
al, J. Biol. Chem. 2002 Jun 28; 277 (26): 23645-50; Ledeboer et al,, J. Dairy Sci. 2002
Jun; 85 (6): 1376-82; De Genst et al., J. Biol. Chem. 2002 Aug 16; 277 (33): 29897-907;
Ferrat et al,, Biochem. J. 2002 Sep 1; 366 (Pt 2): 415-22; Thomassen et al., Enzyme and
Microbial Technol. 2002; 30: 273-8; Harmsen et al.,, Appl. Microbiol. Biotechnol. 2002
Dec; 60 (4): 449-54; Jobling et al,, Nat Biotechnol. 2003 Jan; 21 (1): 77-80; Conrath et al.,
Dev. Comp. Immunol. 2003 Feb; 27 (2): 87-103; Pleschberger et al., Bioconjug. Chem.
2003 Mar-Apr; 14 (2): 440-8; Lah et al., J. Biol. Chem. 2003 Apr 18; 278 (16): 14101-11;
Nguyen et al., Immunoclogy. 2003 May; 109 (1): 93-101; Joosten et al., Microb. Cell Faect,
2003 Jan 30; 2 (1): 1; Li et al., Proteins 2003 Jul 1; 52 (1): 47-50; Loris et al., Biol Chem.
2003 Jul 25; 278 (30): 28252-7; van Koningsbruggen et al.,, J. Immunol. Methods. 2003
Aug; 279 (1-2): 149-61; Dumoulin et al.,, Naturc. 2003 Aug 14; 424 (6950): 783-8; Bond
etal., J. Mol. Biol. 2003 Scp 19; 332 (3): 643-55; Yau et al., J. Immunol. Methods. 2003
Oct 1; 281 (1-2): 161-75; Dekker et-at;, J. Virol. 2003 Nov; 77 (22): 12132-9; Meddeb-
Mouelhi et al., Toxicon. 2003 Dec; 42 (7): 785-91; Verheesen et al., Biochim. Biophys.
Acta 2003 Dec 5; 1624 (1-3): 21-8; Zhang et al., J Mol Biol. 2004 Jan 2; 335 (1): 49-56;
Stijlemans et al., J Biol Chem. 2004 Jan 9; 279 (2): 1256-61; Cortez-Retamozo et al.,
Cancer Res. 2004 Apr 15; 64 (8): 2853-7; Spinelli et al., FEBS Lett. 2004 Apr 23; 564 (1-
2): 35-40; Pleschberger et al., Bioconjug. Chem. 2004 May-Jun; 15 (3): 664-71; Nicaise et
al,, Protein Sci. 2004 Jul; 13 (7): 1882-91; Omidfar et al., Tumour Biol. 2004 Jul-Aug; 25

"(4):-179-87; Omidfar et-al., Tumour-Biol:-2004 Sep-Dec: 25(5-6):296-305; Szynol et al.,-

Antimicrob Agents Chemother. 2004 Sep;48(9):3390-S; Saerens et al., J. Biol. Chem.
2004 Dec 10; 279 (50): 51965-72; De Genst et al,, J. Biol. Chem. 2004 Dec 17; 279 (51):
53593-601; Dolk et al.,, Appl. Environ. Microbiol. 2005 Jan; 71(1): 442-50; Joosten et al,,
Appl Microbiol Biotechnol. 2005 Jan; 66(4): 384-92; Dumoulin et al., J. Mol. Biol. 2005
Feb 25; 346 (3): 773-88; Yau et al,, J Immunol Methods. 2005 Feb; 297 (1-2): 213-24; De
Genst et al., J. Biol. Chem. 2005 Apr 8; 280 (14): 14114-21; Huang et al., Eur. J. Hum.
Genet. 2005 Apr 13; Dolk et al,, Proteins. 2005 May 15; 59 (3): 555-64; Bond et al, J.
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Mol. Biol. 2005 May 6;348(3):699-709; Zarebski et al., J. Mol. Biol. 2005 Apr 21; [E-
publication ahead of print].

' In accordance with the terminology used in the above references, the variable
domains present in naturally occurring heavy chain antibodies will also be referred to as
“Vyw 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 hercinbelow as
“Vi domains”) and from the light chain variablec 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 Vg
domains (as well as Nanobodies based thereon, which share these structural characteristics
and functional properties with the naturally occurring Viy domains) and proteins
containing the same highly advantageous for use as functional antigen-binding domains or
proteins. In particular, and without being limited thereto, Vi, 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 Vyy domains from the Vi and Vi domains of conventional 4-chain
antibodies, which by themselves are generally not suited for practical application as single
antigen-binding proteins or domains, but need to be combined in 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 Vy domain
covalently linked to a Vi domain).

Because of these unique properties, the use of Vyy 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
conventtonal Vy and Vi 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 affinity 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

configuration (i.c. through the use of especially designed linkers, as with scFv’s);
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- Vun 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
rhultispcciﬁc formats (as further discussed herein);

- Vuu domains and Nanobodies are highly solubie and do not have a tendency to
aggregaie (as with the mouse-derived antigen-binding domains described by Ward et
al,, Nature, Vol. 341, 1989, p. 544);

- Vun domains and Nanobodies are highly stable to heat, pH, proteases and other
denaturing agents or conditions (sce for example Ewert et al, supra);

- Vuu domains and Nanobodies arc easy and relatively cheap to prepare, even on a
scale required for production. For example, Vy; 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;

- Vun domains and Nanobodies are relatively small (approximately 15 kDa, or 10
times 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;

- Vuu domains and Nanobodies can show so-called cavity-binding properties (inter
alia due to their extended CDR3 loop, compared to conventional Vy domains) and
can therefore also access targets and epitopes not accessable to conventional 4-chain
antibodies and antigen-binding fragments thercof. For example, it has been shown
that -Vyy -domains -and--Nanobodies - can-inhibit -enzymes. {see. for. example - WO
97/49805; Transue et al., (1998), supra; Lauwereys et al., (1998), supra.

As mentioned above, the invention generally relates to Nanobodiés directed against
TNF-alpha, as well as to polypeptides comprising or essentially consisting of one or more
of such Nanobodies, that can be used for the prophylactic, therapeutic and/or diagnostic
purposes described below and in WO 04/041862.

As also mentioned above and further described below, the tnvention further relates
to nucleic acids encoding such Nanobodies and polypeptides, to methods for preparing

such Nanobodies and polypeptides, to host cells expressing or capable of expressing such -
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Nanobodies or polypeptides, to uses of such Nanobodies, polypeptides, nucleic acids or
host cells, and to compositions comprising such Nanobodies, polypeptides, nucleic acids
or host cells.

Generally, it should be noted that the term Nanobody as used herein in its broadest
sensc 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 be obtained (1) by isolating the Vyn domain of a naturally occurring heavy chain
antibody; (2) by expression of a nucleotide sequence encoding a naturally occurring Vi
domain; (3) by “humanization” (as described below) of a naturally occurring Vyy domain
or by expression of a nucleic acid encoding a such humanized Vi domain; (4) by
“camelization” (as described below) of a naturally occurring Vy domain from any animal
species, in particular a species of mammal, such as from a human being, or by expression
of a nucleic acid encoding such a camelized Vi 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) using synthetic or semi-synthetic
techniques for preparing proteins, polypeptides or other amino acid sequences; (7) by
preparing a nucleic acid encoding a Nanobody using techniques for nucleic acid synthesis,
followed by expression of the nucleic acid thus obtained; and/or (8)-by any combination of
the foregoing. Suitable methods and techniques for performing the foregoing will be clear
to the skilled person based on the disclosure herein and for example include the methods
and techniques described in more detail hereinbelow.

However, according to a épeciﬁc embodiment, the Nanobodies of the invention do
not have an amino acid sequence that is exactly the same as (i.e. as a degree of sequence

identity of 100% with) the amino acid sequence of a naturally occurring Vi domain, such

—as the-amino acid sequence of a naturally-occurring-Vy domainfrom-a-mammal.-and-in

particular from a human being.

One particularly preferred class of Nanobodics of the invention comprises
Nanobodies with an amino acid sequence that comresponds to the amino acid sequence of a
naturally occurring Vi domain, but that has been “humanized” , i.e. by replacing one or
more amino actd residues in the amino acid sequence of said naturally occurting Vyy
sequence by one or more of the amino acid residues that occur at the corresponding
position(s) in a Vi domain from a conventional 4-chain antibody from a human being (c.g.

indicated above). This can be performed in a manner known per se, which will be clear to
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" the skilled person, for example on the basis of the further description below 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.

A preferred, but non-limiting humanzing substitution for Nanobodies belonging to
the 103 P,R,S-group and/or the GLEW-group (as defined herein) is 108Q to 108L.

Another 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 Vy domain that has been “camelized”, i.e. by replacing one or more
amino acid residues in the amino acid sequence of a naturally occurring Vi 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 Vyy domain of a heavy chain antibody. This can be
performed in a manner known per se, which will be clear to the skilied person, for
example on the basis of the further description below. Reference is also made to WO
94/04678. Such camelization may preferenﬁally occur at amino acid positions which are
present-at the Vy-V-interface-and at the so-called Camelidac hallmark residues (see for —
example also WO 94/04678), as also mentioned below. Preferably, the Vg domain or
sequence that is used as a starting material or starting point for generating or designing the
camelized Nanobody is preferably a Vi sequence from a mammal, more preferably the Vy
sequence of a human being.'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 Vy-domain as a -
starting material. ‘

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

known per se 50 as 10 provide the desired Nanobody of the invention. Alternatively, based
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on the amino acid sequence of a naturally occurning Vyy domain or Vy 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 Vyy domain or Vi domain, respectively, a nucleotide
sequence encoding the desired humanized or camelized Nanobody of the invention,
respectively, can be designed and then synthesized de rovo using techniques for nucleic
acid synthesis known per se, after which the nucleotide sequence thus obtained can be
expressed in a manner known per s¢ so as to provide the desired Nanobody of the
invention.

Other suitable ways and techniques for obtaining Nanobodies of the invention
and/or nucleotide sequences and/or nucleic acids encoding the same, starting from (the
amino acid sequence of) naturally occurring Vy domains or preferably Vyy domains
and/or from nucleotide sequences and/or nucleic acid sequences encoding the same will be
clear from the skilled person, and may for example comprising combining one or more
amino acid sequences and/or nucleotide sequences from naturally occurring Vy domains
(such as one or more FR’s and/or CDR’s) with one or more amino acid
sequences and/or nucleotide sequences from naturally ocguiring” Vuu domains (such an
one or more FR’s or CDR’s), in a suitable manner so as to provide (a nucleotide sequence
or nucleic acid encoding) a Nanobody of the invention.

According to one preferred, but non-limiting aspect of the 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;

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:



20

25

30

CA 2962819 2017-03-30

- 109 -

c) 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, 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 CDRI

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

which

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

and/or in which:

i) . the amino acid residue at position 44 according to the Kabat numbering is E and in
wiuch the amino acid residue at position 45 according to the Kabat numbering is
an R; »

and/or in which:

1) 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

.iv) CDRI1, CDR2 and CDR3 are as. defined above, and are preferably as defined

according to one of the preferred definitions above, and are more preferably as
defined according to one of the more preferred definitions above.

In particular, a Nanobody against TNF-alpha according to the invention may have

the structure:

FR1-CDR1 - FR2 - CDR2 - FR3 - CDR3 - FR4
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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 residue at position 108 according to the Kabat numbering is Q;

and/or in which:

in) 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:

i) 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 i which

iv)  CDRI, CDR2 and CDR3 are as defined above, and are preferably as defined
according to one of the preferred definitions above, and are more preferably as
defined according to one of the more preferred definitions above.

In particular, according to one prefcrrcd,blit non-limiting aspect of the aspect of
the invention, a Nanobody can generally be defined 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 G, E, D, G, Q, R, S, L: and is preferably chosen from
the group consisting of G, Eor Q; and

~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 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 1s 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;

or in which:
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b-1)  the amino acid residuc 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 §; 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 numbenng is chosen
from the group consisting of G, E, D, Q, R, Sand L; and is preferably chosen from
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 choscn 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.

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

may have the structure

FR1 - CDR! - FR2 - CDR2 - FR3 - CDR3 - FR4

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

which:
1) the amino acid residue at position 44 according to the Kabat numbering is chosen

from the group consisting of G, E, D, G, Q, R, S, L; and is preferably chosen from
the group consisting of G, E or Q;

and in which:
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i) * 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 L or R;

and in which:

111) the amino acid residuc at position 103 according to the Kabat numbering is chosen
from the group consisting of W, R or §; and is preferably W or R, and is most
preferably W;

and in which

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

and in which:

v) CDRI1, CDR2 and CDR3 are as defined above, and are preferably as defined
according to onc of the preferred definitions above, and are more preferably as
defined according to one of the more preferred definitions above.

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

have the structure

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

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

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:

11) the amino acid residue at position 45 according to the Kabat numbering is R;

and in which:

ii))  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:

1v) the amino acid residue at position 108 according to the Kabat numbering is Q;

and in which:
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vi) CDRI1, CDR2 and CDR3 are as defined above, and are preferably as defined
according to one of the preferred definitions above, and are more preferably as
defined according to one of the more preferred definitions above.

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

have the structure

FRI - 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:

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

and in which:

i1) the amino acid residu;: 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 in which:

iii)  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:

iv)  ~the-amino acid residue-at position 108 according to the Kabat numbering-is chose
from the group consisting of Q and L; is preferably Q;

and in which:

V) CDR1, CDR2 and CDR3 are as defined above, and are preferably as defined
according to one of the preferred definitions above, and are more preferably as

defined according to one of the more preferred definitions above.
Two particularly preferred, but non-limiting groups of the Nanobodies of the

invention are those according to a) above; according to ) 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 ¢c-1) to

c-4) above, in which;

a) the amino acid residues at positions 44-47 according to the Kabat numbering form
the sequence GLEW (or 2 GLEW-like sequence as defined below) and the amino
acid residue at position 108 1s Q;

or in which:

b) the amino acid residues at positions 43-46 according to the Kabat numbering form
the sequence KERE or KQRE (or 2 KERE-like sequence) and the amino acid
residue at position 108 is Q or L, and is preferably 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) the amno acid rcsidbcs at ;‘SOSitioné 44-47 according to the Kabat ndmbering form
the sequence GLEW (or a GLEW-like sequence as defined below) and the amino
acid residue at position 108 is Q;

and in which:

i1) CDR1, CDR2 and CDR3 are as defined above, and are preferably as defined
according to one of the preferred definitions above, and are more preferably as

defined according to one of the more preferred definitions above.

In another Ir)referréd,ngﬁit» n(;n-limiting' ‘é‘s})ect, a Nanobody of the invention rnéy

have the structure
FR1 -CDRI - FR2-CDR2 - FR3 - CDR3 - FR4

in which FR1 to FR4 rcfer to framework regions 1 to 4, respectively, and in which CDR 1

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

which:
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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
restdue at position 108 is Q or L, and is preferably Q;

and in which:

i) CDR1, CDR2 and CDR3 are as defined above, and are preferably as defined
according to one of the preferred definitions above, and are more preferably as
defined according to one of the more preferred definitions above.

In the Nanobodies of the invention in which the amino acid residucs 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 from the group

consisting of Y, H, I, V or F, and is most preferably F.

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

a) The “GLEW-group”: Nanobodies with the amino acid sequemce GLEW at
positions 44-47 according to the Kabat numbering and Q ;u 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, Ror S at posttion 103, and
preferably have a W at position 103. The GLEW group also comprises some
GLEW-like sequences such as those mentioned in Table 2 below;

b) The “KERE-group”: Nanobodics with the amino acid sequence KERE or KQRE or
at positions 43-46 according to the Kabat numbering and Q or L at position 108
according to the Kabat numbering. AS further described tierein, Nanobodies within
this group usually have a F at position 37, an L or F at position 47; and can have a
W, P, Ror § at position 103, and preferably have a W at position 103;

c) The “103 P, R, S-group™: Nanobodies with a P R or $ at position 103. These
Nanobodies can have either the amino acid sequence GLEW at positions 44-47 of
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-
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group); and can have Q or L at posttion 108 according to the Kabat numbering, and

preferably have Q.

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 above, and are preferably as defined according to
one of the preferred definitions above, and are more preferably as defined according to one
of the more preferred definitions above.

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 in which CDR1, CDR2
and CDR3 are as defined above, and are preferably as defined according to one of the
preferred definitions above, and are more preferably as defined according to one of the
more preferred definitions above.

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 above, and are preferably as defined according to
one of the preferred definitions above, and arc more preferably as defined according to one
of the more preferred definitions above.

Alse, more generally and in addition to the 108Q, 43E/44R and 103P,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/V interface, contain 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 Vy or
Vi domain, and in particular one or more charged amino acid residues (as mentioned in
Table 1).

Such -substitutions -include, -but -are .not limited . to -the . GLEW-like _sequences
mentioned in Table 2 below; as well as the substitutions that are described in the
International Application WO 00/29004 for so-called “microbodies”, e.g. a Q at position
108 and KILEW at positions 44-47.

In some embodiments of the Nanobodics 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 some embodiments of the Nanobodies of the invention, the amino acid
residue at position 83 is chosen from the group consisting of R, K, N, E, I and Q; and is

most preferably either K or E (for Nanobodies corresponding to naturally occurring Vi
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domains) or R (for “humanized” Nanobodies, as described below). The amino acid residue
at position 84 in some embodiments is chosen from the group consisting of P, A, R, S, D
and V, and is most preferably P (for Nanobodies corresponding to naturally occurring Vyy
domains) or R (for “humanized” Nanobodies, as described below).

Furthermore, in some embodiments 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.

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 VH domain, VH3, are

summarnzed in Table 2.

Some especially preferred combinations of these Hallmark Residues as occur in
naturally occurring Vyy domains are mentioned in Table 3. For comparison, the
corresponding amino acid residues of the human Vi3 called DP-47 have been indicated in

italics.

Table 2: Hallmark Residues in Nanobodies

Position | Human Vg3 Hallmark Residues

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

37 V, I, F; usually V FU Y, H, Tor V, preferably F'or Y
AOTG G EY D, O, R.5. L —

preferably G(z), E®or Q;

mostpreferably GPorE®. .

451 L LY RY C,I,L, P, Q, V; preferably L7
or R®
477 WY W L or 7 A, G, T, M, R, Sor ¥,

preferably W& L0 0 or g

83 R or K; usually R R, K, N, E*]I, M or Q; preferably K
or R; most preferably K

84 A, T, D; predominantly A P, A L, R, S, D, V, preferably P
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103 % WP RS proferably W

104 G GorD; preferably G

108 L, Mor T; predominantly L | Q, LY or R; preferably Q or L1

(1) In particular, but not exclusively, in combination with KERE (SEQ ID NO: 437) or KQRE
(SEQ ID NO: 438) at positions 43-46.

2): Usually as GLEW (SEQ ID NO: 439) at positions 44-47.

3 Usually as KERE or KQRE at positions 43-46, e.g. as KEREL (SEQ ID NO: 440),
KEREF (SEQ ID NO. 441), KQREL (SEQ ID NO. 442), KQREF (SEQ ID NO: 443) or
KEREG (SEQ ID NO: 444) at positions 43-47. Alternatively, also sequences such as
TERE (SEQ ID NO: 445) (for example TEREL (SEQ ID NO: 446)), KECE (SEQ ID NO:
447) (for example KECEL (SEQ ID NO: 448) or KECER (SEQ ID NO: 449)), RERE
(SEQ ID NO: 450) (for example REREG (SEQ ID NO. 451)), QERE (SEQ ID NO: 452)
(for example QEREG (SEQ ID NO: 453)), KGRE (SEQ ID NO: 454) (for example
KGREG (SEQ ID NO: 455)), KDRE (SEQ ID NO: 456) (for cxample KDREV (SEQ ID
NO: 457)) are possible. Some other possible, but less preferred sequences include for

~example DECKL (SEQ ID NO: 458) and NVCEL (SEQ ID NO: 459).

(4): 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 Vg domains.

(6): 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.

(8):  The GLEW group also contains GLEW-like sequences at positions 44-47, such as for

example GVEW (SEQ ID NO: 460), EPEW (SEQ ID NO: 461), GLER (SEQ ID NO:

- 462), DQEW (SEQ ID-NO: 463), DLEW (SEQ ID. NO: 464), GIEW.(SEQ ID NO: 465),
ELEW (SEQ ID NO: 466), GPEW (SEQ ID NO: 467), EWLP (SEQ ID NO: 468), GPER
(SEQ ID NO: 469), GLER (SEQ ID NO: 470) 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 Vi domain.

Such amino acid residues will be clear to the skilled person. Tables 4 - 7 mention
some non-limiting residues that can be present at each position (according to the Kabat
numbering) of the FRI1, FR2, FR3 and FR4 of naturally occurring Vyy; 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
Chothia (supra) that the residues at these positions already form part of CDR1.)

In Tables 4 - 7, some of the non-limiting residues that can be present at each position
of @ human Vu3 domain have also been mentioned. Again, for each position, the amino acid
residue that most frequently occurs at cach position of a naturally occurring human Vi3

domain is indicated in bold; and other preferred amino acid residues have been underlined.
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Table 4: Non-limiting examples of amino acid residues in FR1 (for the footnotes, see the

footnotes to Table 2)

‘Pos. | Amino acid residue(s):
Human Vi3 Camelid Vigy's

i EQ Q. AEDIR

2 v V,AEGLMQ

3 Q Q,K,E,H,P,R Y

4 L L,F,P,R,V

5 V,L QELVMP AT

6 E E,D,Q A H

7 S, T S, K H

8 G, R G, AR

9 G G,E

10 G,V G, D,RAENT,V

I1 Hallmark residue: T, M, S, VW, F,N, P, T, Y; preferably L

12 V,1 ‘ V,A, G M ]
13 . Q. K, R - Q, E,K,D,G,AHLNPRT

14 P A QA GPT,V,EFLN,S

15 G G

6 |G.K G, A EDNP RS VW

78 S, E TN, AC

8 (L LV, M QK —
19 R, K R,K,L,N,S,T,A,F, G 1M, Q

20 |L L FE,LV,M,S

21 S S,E,T,G, H P, A

22 C C

23 AT A, D, PS5 T V,EGLLQR

24 A A LS T, V,CEFGLNPQY J
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Table 4: Non-limiting examples of amino acid residues in FR1 {continued)

[Pos. | Amino acid residue(s):
T Human Vy3 Camelid Vyy's
25 S S,AFP,T, L,V
26 G G, D, ERS, VA ILMPT
27 F S,F,R,L,P,G,N, A/D,E H, L K,
M, Q,T,V,Y
28 T N, T,E,D,S,LR,A,G,RF, Y, L,
M,P,V
29 F, Vv FL,D,S, LG V,AEPT,Y
30 S, D, G N,S,E, G, A D MT,HTP, K
V,W

Table 5: Non-limiting examples of amino acid residues in FR2 (for the footnotes, see the

footnotes to Table 2)

@s. Amino acid residue(s):

Human Vy3 Camelid Vyy's
36 w w
37 Hallmark residue: '/, Y, H, I, AL, P, S or V preferably F' or ¥
38 R R
35 0 Q. P, RA,DGLE
0 (A AFGPTVILNESY
a1 |P.S, T P,ALSLOT
G G EDRTV
43 K K.,D,E,N,Q,R,T,V,A,L,M.S

44 Hallmark residue: G, E¥” D, Q, R, S, L, A, F, K, M, N, P, vV, W, Y:
preferably G®, E® or Q;
most preferably G%or E(J)_

45 Hallmark residue: L', R™, C,, L, P, Q, V, D, E, G, H, K, T preferably L7 or

RrR®A
]
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[ 46 E, V E,D,KQV,AGN
77 Hallmark residue: W L or F7 4 G, L M,R,S,D,E HK, Q,T,Vory,;
preferably W@ L") FY or R

v VLA CETF G HMPO,
R,S,T,V,W,Y
29 S A G ASAGT,V,DELL QR Y

Table 6: Non-limiting examples of amino acid residues in FR3 (for the footnotes, sec the

footnotes to Table 2)

[Tos. Amino acid residue(s):
Human Vi3 Camelid Vyy's

66 R R

67 F F,L,V,A,D, IS, Y

68 T T.AS,D,FGLKN

50 i - LM V,AFLRS,T

70 S S,AFEGKP,TV

71 R R,G LK, Q5T W, AF,L M,
N

72 D, E D,E,G,N,V,A H I,L,QS, T

73 N,D,G N,D,F,LKST,Y A G HIL,
M,R,V

74 A, S A D,G,N,FST,FHLLRV,]
Y

75 IR K AEKLNORD.GLM
S,T,V,W

76 N,S N,DKRST,YVEGHLQ |

77 S, T, 1 T,AE, LM, S, K,L,N,R, V

78 | LA V.LAF,GLMENQRS,T

W

79 Y, H Y,A D, F,H,ST,CETL, N, V,
w
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80 L LLF,V,M
81 0 QERTGHILKLM,N
82 M M, ILL,V,G,P,T
82a N,G N,D,G, H,S, T,AE, LK R V
82b [S S,N,D,G, R, A CEFTK M, |
P, T,V
82¢ L LPMT,V
83 Hallmark residue: R, K”, N, E”, I, M, A, D, G, L, Q, S, T or Q: preferably K
or R; most preferably K
84 Hallmark residue: P, AL R,S,D,V,F,G, H, N, T, Y, preferably P
85  |E,G ED,G QANRV,Y
86 ) D,E,F,Y
87 T, M T,S,A,C,M
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Table 6: Non-limiting examples of amino acid residues in FR3 (continued)

Pos. Amino acid residue(s):
[ Faman 73 Camelid Vs

83 A A, G,S,D,L N, P

89 V,L V.A,D,LL,M,N,R, T,E, F, S

50 Y Y,F,E,H N

91 Y, H Y,D,F,H L ST V,C,LN R W

92 C C

93 A KT A, NG H K RS T, V,Y,EFTI,
L,MQ

94 KR, T AV CFEGILLRSDEK,
M,N,P,Q T,W,Y TorK;

Table 7: Non-limiting examples of amino acid residues in FR4 (for the footnotes, sce the

footnotes to Table 2)

Pos. | Amino acid residue(s):
Human Vy3 Camelid Vyy's
103 Hallmark residue: W&, P7 R S'F G, K, L, N, Q, V, Y: preferably W
104 Hallmark residue: G, A, R, S, T or D; preferably G
105 Q. R Q,E,K,P,R,G,H L S,V
106 G G
107 T T,A, NP
108 Hallmark residue: Q, L', E, H, N, P, Tor R; preferably Q or LV
109 v v
110 T T,1, A T
111 v VA LG
112 S S,FEEALLP,T,Y
13 S S,ALLP,ET
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Thus, in another preferred, but not limiting aspect, a Nanobody of the invention can

have the structure
FR1 - CDRI1 - FR2 - CDR2 - FR3 - CDR3 - FR4

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

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

1) the Hallmark residues are as defined above;

and in which:

1) CDRI1, CDR2 and CDR3 are as defined above, and are preferably as defined
according to one of the preferred definitions above, and are more preferably as
defined according to one of the more preferred definitions above,

In another preferred, but not limiting aspect, a Nanobody of the invention can have the

structure
FR!-CDR! - FR2 - CDR2 - FR3 - CDR3 - FR4

in which FR1 to FR4 refer to framework regions 1 10 4, respectively, and in which CDRI to
CDR3 refer to the complementarity determining regions 1 to 3, respectively, and in which:

and in wluch

1) FR1 is chosen from the group consisting of the amino acid sequence:

[1] QVOLQESGGGXVQAGGSLRLSCAASG [26] [SEQIDNO: 1]

or from 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 above amino acid sequence; in

which

(1) any ammo acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)

and/or an amino acid substitution as defined in Table 4; and/or
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(2) said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to the above amino acid
scquence(s);

and/or from the group consisting of amino acid sequences that have 3,2 oronly I

“amino acid difference(s)” (as defined herein) with one of the above amino acid

sequences, in which:

(1) any amino acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table 4; and/or

(2) said amino acid scquence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to the above amino acid

sequence(s);

and in which:

ii)

FR2 is chosen from the group consisting of the amino acid sequence:

[36] WXRQAPGKXXEXVA [49] [SEQ ID NO: 2]

-or from 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 above amino acid sequence; in

which

(1) any amino acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table S; and/or

2) ..said amino acid sequence preferably only contains amino acid substitutions, and.
no amino acid deletions or insertions, compared to the above amino acid
sequence(s);

and/or from the group consisting of amino acid sequences that have 3,2 o0ronly I

“amino acid difference(s)” (as defined herein) with onc of the above amino acid

sequences, in which:

(1) any amino acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined hercin)

and/or an amino acid substitution as defined in Table 5; and/or
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(2) said amino acid sequence preferably only contains amino acid substitutions, and

no amino acid deletions or insertions, compared to the above amino acid

sequence(s);

and in which:

1)

FR3 is chosen from the group consisting of the amino acid sequence:
[66] RFTISRDNAKNTVYLQMNSLXXEDTAVYYCAA [94] [SEQID NO: 3]

or from 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 above amino acid sequence; in

which

(1) any amino acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table 6; and/or

(2) said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to the above amino acid
sequence(s); — —

and/or from the group cousisting of amino acid sequences that have 3, 2 or only 1

“amino acid difterence(s)” (as defined herein) with one of the above amino acid

sequences, in which:

(1) any amino acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table 6; and/or

(2).-said amino acid sequence preferably.only contains amino acid substitutions,.and

no amino acid deletions or insertions, compared to the above amino acid

sequence(s);

and in which:

v)

FR4 is chosen from the group consisting of the amino acid sequence:

[103] XXQGTXVTVSS [113] [SEQ ID NO: 4]
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or from 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 above amino acid sequence; in
which

(1) any amino acid substitution at any position other than a Ilallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table 7; and/or

(2) said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to the above amino acid
sequence(s);

and/or from the group consisting of amino acid sequences that have 3, 2 or only |

“amino acid difference(s)” (as defined herein) with one of the above amino acid

sequences, in which:

(1) any amino acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table 7§ an&/or

(2) said amino acid sequence preferably only contains amino acid substitutions, and
no- aminb acid deletions or insertions, compared to the above amino acid
sequence(s);

and in which:

v) CDR1, CDR2 and CDR3 are as defined above, and are preferably as defined
according to one of the preferred definitions above, and are more preferably as
defined according to one of the more preferred definitions above;

in which the Hallmark Residucs are indicated by “X” and are as defined hereinabove and in

~which the numbers between brackets refer to the amino acid positions according to the Kabat

numbering.

In another preferred, but not imiting aspect, a Nanobody of the invention can have the
structure

FRI - CDRI - FR2-CDR2 - FR3 - CDR3 - FR4

in which FR1 to FR4 refer to framework regions | to 4, respectively, and in which CDR1 to

CDR3 refer to the complementarity detenmining regions | to 3, respectively, and in which:
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FR1 is chosen from the group consisting of the amino acid sequence:

[1] QVQLQESGGGLVQAGGSLRLSCAASG [26] [SEQ ID NO: 5]

or from 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 above amino acid sequence; in

which

(1

)

(3

any amino acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table 4; and/or

satd amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to the above amino acid
sequence(s); and

the Hallmark residue at position is as indicated in the sequence above;

and/or from the group consisting of amino acid sequences that have 3, 2 or only 1

“amino acid difference(s)” (as defined herein) with one of the above amino acid

sequences, in which:

(D

€3]

€)

any amino acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table 4; and/or

said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to the above amino acid
sequence(s);.and. .

the Hallmark residue at position is as indicated in the sequence above;

and in which:

ii)

FR2 is chosen from the group consisting of the amino acid sequences:

[36] WFRQAPGKEREL VA [49) [SEQ ID NO: 6]
[36] WFRQAPGKEREFVA [49] [SEQ ID NO: 7]
[36] WFRQAPGKEREGA [49] (SEQ ID NO: 8]

[36] WFRQAPGKQRELVA [49] [SEQ ID NO: 9}
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(36] WERQAPGKQREFVA [49] [SEQ ID NO: 10]
[36] WYRQAPGKGLEWA [49] [SEQIDNO: 11]

or from the group consisting.of amino acid scquences that have at lcast 80%,

preferably at least 90%, more preferably at least 95%, even more preferably at least

99% sequence identity (as defined herein) with one of the above amino acid

sequences; in which

ey

2

(3)

any amino acid substitution at any position other than a Hallmark position is
preferably cither a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table 5; and/or

said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to the above amino acid
sequence(s); and

the Hallmark residues at positions 37, 44, 45 and 47 are as indicated in each of

the sequences above;

and/or from the group consisting of amino acid sequences that have 3, 2 or only 1

“amino acid difference(s)” (as defined hercin) with one of the above amino acid

- sequences, in which:

ey

@

Q3.

any amino acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table 5; and/or

said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to the above amino acid
sequence(s); and

the Hallmark residues_at_positions_37, 44, 45 and 47 are as indicated in each of

the sequences above;

and in which:

FR3 is chosen from the group consisting of the amino acid sequence:

[66) RFTISRDNAKNTVYLQMNSLKPEDTAVYYCAA [94] [SEQ ID NO: 12]

or from the group consisting of amino acid sequences that have at least 80%,

preferably at least 90%, more preferably at least 95%, cven more preferably at least
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99% sequence identity (as defined herein) with the above amino acid sequence; 1n

which

(1) any amino acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino actd substitution as defined in Table 6; and/or

(2) said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to the above amino acid
sequence(s); and

(3) the Hallmark residues at positions 83 and 84 arc as indicated in each of the
sequences above;

and/or from the group consisting of amino acid sequences that have 3, 2 or only 1

“amino acid difference(s)” (as defined herein) with one of the above amino acid

sequences, in which:

(1), any amino acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table 6; and/or

(2) said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or_insertions, compared to the above amino acid
sequence(s); and

(3) the Hallmark residues at positions 83 and 84 are as indicated in each of the

sequences above;

and in which:

FR4 1s chosen from the group consisting of the amino acid sequences:

[103] WGQGTQVTVSS [113] [SEQ ID NO: 13]

[103] WGQGTLVTVSS [113] [SEQ ID NO: 14]

or from 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% scquence identity (as defined herein) with one of the above amino acid sequence;

in which
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any amino acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table 6; and/or

said amino acid sequence preferably only contains amino acid substitutions, and
nc amino acid delctions or insertions, compared to the above amino acid
sequence(s); and

the Hallmark residues at posttions 103, 104 and 108 are as indicated in each of

the sequences above;

and/or from the group consisting of amino acid sequences that have 3,2 oronly 1

“amino acid difference(s)” {as defined herein) with one of the above amino acid

sequences, in which:

ey

@

3

any amino acid substitution at any position other than a Hallmark position is
preferably cither a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table 6; and/or

said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to the above amino acid
sequence(s); and

the Hallmark residues at positions 103, 104 and 108 are as indicated in each of

the sequences above;

and in which:

v)  CDRI, CDR2 and CDR3 are as defined above, and are preferably as defined according

to one of the preferred definitions above, and are more preferably as defined according

to one of the more preferred definitions above.

In another preferred, but not limiting aspect, a Nanobody of the invention can have the

Structure

FRI1 - 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:

and in which

1) FR1 is chosen from the group consisting of the amino acid sequence:
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(1] QVQLQESGGGLVQAGGSLRLSCAASG [26} [SEQ ID NO: 5]

and/or from the group consisting of amino acid sequences that have 3, 2 or only 1|

“amino acid difference(s)” (as defined herein) with one of the above amino acid

sequences, in which:

(H

@

)

any amino acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table 4; and/or

said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to the above amino acid
sequence(s); and

the Hallmark residue at position is as indicated in the sequence above;

and in which:

i)  FR2 is chosen from the group consisting of the amino acid sequences:

[36] WFRQAPGKERELVA [40] [SEQ ID NO: 6]
[36] WFRQAPGKEREFVA [49] [SEQ ID NO: 7]
[36] WFRQAPGKEREGA [49] : [SEQ ID NO: 8]
[36] WFRQAPGKQRELVA [49] [SEQ 1D NO: 9]
[36] WFRQAPGKQREFVA [49] [SEQ ID NO: 10]

and/or from the group consisting of amino acid sequences that have 2 or only 1

“amino acid difference(s)” (as defined herein) with one of the above amino acid

sequences, in which:

()

@

&)

any_amino.acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table 5; and/or

said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, comparcd to the above amino acid
sequence(s); and

the Hallmark residues at positions 37, 44, 45 and 47 are as indicated in each of

the sequences above;

and in which:
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FR3 is chosen from the group consisting of the amino acid sequence:

[66] RETISRDNAKNTVYLQMNSLKPEDTAVYYCAA [94] [SEQ ID NO: 12}

and/or from the group consisting of amino acid scquences that have 3, 2 or only 1
“amino acid difference(s)” (as defined herein) with one of the above amino acid
sequences, in which:

(1) any amino acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table 6; and/or

(2) said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to the above amino acid
sequence(s); and

(3) the Hallmark residues at positions 83 and 84 are as indicated in cach of the

sequences above;

and in which:

FR4 is chosen from the group consisting of the amino acid sequences:

[103] WGQGTQVTVSS [113] [SEQ ID NO: 13)
[103] WGQGTLVTVSS [113] [SEQ ID NO: 14]

and/or from the group consisting of amino acid sequences that have 3, 2 or only |

“amino acid difference(s)” (as defined herein) with one of the above amino acid

sequences, in which:

(1) - any amino-acid-substitution at -any position-other than.a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table 7; and/or

(2) said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or sertions, compared to the above amino acid
sequence(s); and

(3) the Hallmark residues at positions 103, 104 and 108 arc as indicated in each of

the sequences above;

and in which:
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v)  CDRI, CDR2 and CDR3 are as defined above, and are preferably as defined according
to one of the preferred definitions above, and are more preferably as defined according
to one of the more preferred definitions above.

In another preferred, but not limiting aspect, a Nanobody of the invention can have the

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:

and in which

1) FR1 is chosen from the group consisting of the amino acid scquence:
[1] QVQLQESGGGLVQAGGSLRLSCAASG [26] [SEQ ID NO: 5]

and/or from the group consisting of amino acid scquences that have 3, 2 or only 1
“amino acid difference(s)” (as defined hercin) with one of the above amino acid
sequences, in which:

(1) any amino acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table 4; and/or '

(2) said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to the above amino acid
sequence(s); and

~(3) ~the Hallmark residue at position is as.indicated in the sequence above;

and in which:

i) FR2 is chosen from the group consisting of the amino acid sequence:
{36] WYRQAPGKGLEWA [49] [SEQIDNO: 11

and/or from the group consisting of amino acid sequences that have 2 or only 1

“amino acid difference(s)” (as defined herein) with one of the above amino acid

sequences, in which:
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any amino acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table 5; and/or

said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to the above amino acid
sequence(s); and

the Hallmark residues at positions 37, 44, 45 and 47 are as indicated in each of

the sequences above;

and in which:

ii} FR3 is chosen from the group consisting of the amino acid sequence:

[66] RETISRDNAKNTVYLQMNSLKPEDTAVYYCAA [94]  [SEQ ID NO: 12]

and/or from the group consisting of amino acid sequences that have 3, 2 or only 1

“amino acitd difference(s)” (as defined herein) with one of the above amino acid

sequences, in which:

(1)

(2

(3)

any amino acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table 6; and/or

sald amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, conipared to the above amino acid
sequence(s); and

the Hallmark residues at positions 83 and 84 are as indicated in each of the

sequences above;

‘and in which:

1v) FR4 is chosen from the group consisting of the amino acid sequence:

[103] WGQGTQVTVSS [113] [SEQ ID NO: 13]

and/or from the group consisting of amino acid sequences that have 3, 2 or only 1

“amino acid difference(s)” (as defined herein) with one of the above amino acid

sequences, in which:
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(1) any amino acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table 7; and/or

(2) said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to the above amino acid
sequence(s); and

(3)  the Hallmark residues at positions 103, 104 and 108 are as indicated in each of
the sequences above;

and in which:

v)  CDRI1, CDR2 and CDR3 are as defined above, and are preferably as defined according
to one of the preferred definitions above, and are more preferably as defined according
to onc of the more preferred definitions above.

Some other framework sequences that can be present in the Nanobodies of the

invention can be found in the European patent EP 656 946 mentioned above (see for example

also the granted US equivalent 5,759,808).

In another preferred, but not limiting aspect, a Nanobody of the invention can have the

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:

and in which

i) FRI 1s chosen from the group consisting of the FRI sequences present in the
Nanobodies of SEQ ID NO’s 52_to 60, SEQ ID NO’s 76 10 86.0r. SEQ ID NO’s 95 to
99, and in particular in the humanized Nanobodies of SEQ ID NO’s 76 to 86 or SEQ
ID NO’s 95 t0 99,
or from the group consisting of amino acid sequences that have at least 80%,
prefcfably at least 90%, more preferably at least 95%, even more preferably at least
99% sequence identity (as defined herein) with one of said FR 1 sequences; in which
(1} any amino acid substitution at any position other than a Hallmark position is

preferably either a conservative amino acid substitution (as defined herein)

and/or an amino acid substitution as defined in Table 4; and/or
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{2) said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to said FR1 sequence; and

(3)  the Hallinark residue at position is as indicated in said FR1 sequence;

and/or from the group consisting of amino acid sequences that have 3, 2 or only 1

“amino acid difference(s)” (as defined herein) with one of said FRI sequences, in

which:

(1) any ammo acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table 4; and/or

(2) said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to said FR1 sequence; and

(3) the Hallmark residue at position is as indicated in said FR1 sequence:

and in which:

ii)

FR2 is chosen from the group consisting of the FR2 sequences present in the

Nanobodies of SEQ ID NO’s 52 to 60, SEQ ID NO’s 76 to 86 or SEQ ID NO’s 95 to

99, and in particular in the humanized Nanobodies of SEQ ID NO’s 76 to 86 or SEQ

IDNO’s 95t0 99,

or from 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 one of said FR2 sequences; in which

(1) any amino acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table 5; and/or

(2) said amino acid sequence preferably only contains amino acid substitutions, and
no.amino acid deletions or insertions, compared to said FR2 sequence; and..

(3) the Hallmark residues at positions 37, 44, 45 and 47 are as indicated in said FR2
sequence;

and/or from the group consisting of amino acid sequences that have 3, 2 or only 1

“amino acid difference(s)” (as defined hercin) with onc of said FR2 sequences, in

which:

(1) any amino acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)

and/or an amino acid substitution as defined in Table S; and/or
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(2) said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to said FR2 sequence: and
(3) the Hallmark residues at positions 37, 44, 45 and 47 are as indicated in said FR2

sequence;

and in which:

iif)

FR3 is chosen from the group consisting of the FR3 sequences present in the

Nanobodies of SEQ ID NO's 52 10 60, SEQ ID NO’s 76 to 86 or SEQ ID NO’s 95 to

99, and in particular in the humanized Nanobodies of SEQ ID NO’s 76 to 86 or SEQ

ID NO’s 95 to 99,

or from 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 one of said FR3 sequences: in which

(1) any amino acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table 6; and/or

(2) said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to said FR3 sequence; and

(3)- the Hallmark residues at positions 83 and 84 are as indicated in said FR3.
sequence;

and/or from the group cousisting of amino acid sequences that have 3, 2 or only 1

“amino acid difference(s)” (as defined herein) with one of said FR3 sequences, in

which:

(1) any amino acid substitution at any position other than a Hallmark position is
preferably ecither a conservative amino acid substitution (as defined herein)
-and/or an-amino acid substitution as.defined in Table 6; and/or

(2) said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to said FR3 sequence; and

(3) the Hallmark residues at positions 83 and 84 are as indicated in said FR3

sequence;

and in which:

)

FR4 is chosen from the group consisting of the FR4 sequences present in the

Nanobodies of SEQ ID NO’s 52 to 60, SEQ ID NO’s 76 to 86 or SEQ ID NO's 95 to0
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99, and in particular in the humanized Nanobaodies of SEQ ID NO’s 76 to 86 or SEQ

ID NO’s 95 to 99,

or from 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% scquonce identity (as defined hercin) with one of said FR4 sequences; in which

(1) any amino acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Table 6; and/or

(2)  said amuino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to said FR4 sequence; and

(3)  the Hallmark residues at positions 103, 104 and 108 are as indicated in said FR4
sequence;

and/or from the group consisting of amino acid sequences that have 3, 2 or only 1

“amino acid difference(s)” (as defined herein) with one of said FR4 sequences, in

which:

(1) any amino acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herem)
and/or an amino acid substitution.as defined in Table 6; and/or

(2) said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to said FR4 sequence; and

(3) the Hallmark residucs at positions 103, 104 and 108 are as indicated in said FR4
sequence;

and in which:

v) CDR1, CDR2 and CDR3 are as defined above, and are preferably as defined
according fo_one of the preferred definitions.above,.and..aremore_preferably as
defined according to one of the more preferred definitions above.

Some particularly preferred Nanobodies of the invention can be chosen from the
group consisting of the amino acid sequences of SEQ ID NO’s 52 to 60, SEQ ID NO’s 76 to
86 or SEQ ID NO’s 95 to 99, and in particular in the humanized Nanobodies of SEQ ID
NO’s 76 to 86 or SEQ ID NO’s 95 to 99 or from 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 one of the amino acid
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sequences of SEQ ID NO’s 52 to 60, SEQ ID NO’s 76 to 86 or SEQ ID NO’s 95 to 99; in
which

(1) the Hallmark residues can be as indicated in Table 2 above;

(2) any amino acid substitution at any position other than a Hallmark position is
preferably either a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Tables 4-7; and/or

(3) said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to the above amino acid
sequence(s).

Some even more particularly preferred Nanobodies of the invention can be chosen from
the group consisting of the amino acid sequences of SEQ ID NO’s 52 to 60, SEQ ID NO's 76
to 86 or SEQ ID NO’s 95 to 99, and in particular in the humanized Nanobodies of SEQ ID
NO’s 76 to 86 or SEQ ID NO’s 95 to 99 or from 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 one of the amino acid
sequences of SEQ ID NO’s 52 to 60, SEQ ID NO’s 76 to 86 or SEQ ID NO’s 95 to 99; in
which

(1) the Hallmark residues are as-indicated in the pertinent sequence chosen from
SEQ ID NO’s 52 to 60, SEQ ID NO’s 76 to0 86 or SEQ ID NO;S 95 to 99; 7

(2) any amino acid substitution at any position other than a Hallmark position is
preferably ecither a conservative amino acid substitution (as defined herein)
and/or an amino acid substitution as defined in Tables 4-7; and/or

(3) said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to the pertinent sequence
chosen-from-SEQ.ID - NO’s 52 t0.60, SEQ.ID NO’s 76 to 86.or SEQ.ID.NQ’s.95
to 99.

Some of the most ﬁreferred Nanobodies of the invention can be chosen from the group
consisting of the amino acid sequences of SEQ ID NO’s 52 to 60, SEQ ID NO’s 76 to 86 or
SEQ ID NO’s 95 to 99, and in particular from the humanized Nanobodies of SEQ ID NO’s
76 to 86 or SEQ ID NO’s 95 to 99.

As will be clear from the above, the term Nanobodies of the invention as used herein

in its broadest sense also comprises natural or synthetic mutants, variants, alleles, analogs and
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orthologs (hereinbelow collectively referred to as “analogs™) of the Nanobodies mentioned in
the SEQ ID NO’s 52 to 60, SEQID NO’s 76 to 86 or SEQ ID NO’s 95 to 99.

Generally, such analogs can for example comprise homologous sequences, functional
portions, or a functional portion of a homologous sequence (as further defined below) of a
Nanobody. Generally, in such analogs, cach amino acid residue (other than the Hallmark
Residue) in each of the framework regions can be replaced by any other amino acid residue,
provided that the total degree of sequence identity of the framework regions remains as
defined above. Preferably, however, in such analogs:

- one or more amino acid residues in the above framework sequences arc replaced by
one or more amino acid residues that naturally occur at the same position in a
naturally occurring Vyy domain. Some examples of such substitutions are mentioned

in Tables 4-7 above;

and/or:

- one or amino acid residues in the above framework sequences are replaced by one or
more amino acid residues that can be considered a ‘“conservative” amino acid
substitution, as described hereinabove;

and/or:

- one or amino acid residues in the above framework sequences are replaced by one or
more amino acid residues that natarally occur at the same position in a naturally
occurring Vy domain of a human being. This is generally referred w0 as
“humanization” of the naturally occurring Vun/Nanobody in general and of said
position in particular, and will be discussed in more detail hereinbelow;

and:

- positions for which only one amino acid residue is mentioned for both the Vy; domain

and the Vyy domain in Tables 4 — 7 above are preferably not replaced.

Also, although generally less preferred, in such analogs, one or more amino acid
residues may be deleted from the framework regions and/or inserted into the framework
regions (optionally in addition to one or more amino acid substitations as mentioned above),
provided that the total degree of sequence identity of the framework regions remains as
defined above. The Hallmark residues should not be deleted. Also, most preferably, amino
acid residues for which only one amino acid residue is mentioned for both the Vi, domain and

the Vi domain in Tables 4 — 7 above are preferably not deleted.
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Preferably, such analogs should be such that they still can bind to, have affinity for
and/or have specificity for TNF-alpha, ie. with an affinity and/or a spectficity which is at
least 10%, preferably at least 50%, more preferably at least 70%, even more preferably at
least 80%, such as at least 90%, at least 95%, at least 99% or more, of the affinity and/or
specificity of at least one of the Nanobodies of SEQ ID No’s SEQ ID NO’s 52 to 60, SEQID
NO’s 76 to 86 or SEQ ID NO’s 95 to 99, as determined using a suitable assay, for example
an assay to determine binding of the analog to TNF, and in particular one of the assays as
used in the Examples below.

Generally, such analogs can for example be obtained by providing a nucleic acid that
encodes a naturally occurring Vyy domain, changing the codons for the one or more amino
acid residues that are to be humanized into the codons for the corresponding human amino
acid residuc(s), 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 cssentially isolated form (as defined hereinabove). 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 refercnces cited herein and/or from
the further description hereinbelow. Alternatively, and for example, a nucleic acid encoding
an 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 be expressed in a suitable host or expression system, upon which the analog thus
obtained can optionally be isolated and/or purified so as to provide said analog in essentially
isolated form (as defined hereinabove). Another way to provide the analogs involves
chemical synthesis of the pertinent amino acid sequence using techniques for peptide
synthesis known per se, such as those mentioned hereinbelow.

Jt will be also_generally be clear to_the skilled person that Nanobodies (including
analogs thereof) can also be prepared starting from human Vy sequences (i.e. amino acid
sequences or the corresponding nucleotide sequences), such as for example human Vi3
sequences such as DP-47, DP-51, DP-54 or DP-29, by changing one or more amino acid
residucs in the amino acid sequence of said human Vi domain, so as to provide an amino
acid sequence that has () a Q at position 108; and/or (b) E at position 44 and/or R at position
45, and preferably E at position 44 and R at position 45; and/or (¢) P, R or S at position 103,

as described above. Again, this can generally be performed using the various methods and
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techniques referred to in the previous paragraph, using an amino acid sequence and/or
nucleotide sequence for a human Vi domain as a starting point.

The term Nanobodics as used herein in its broadest sense also comprises parts or
fragments of the Nanobodies (including analogs) of the invention as defined above, which
can again be as further described below.

Generally, parts or fragments of the Nanobodies and/or analogs have amino acid
sequences in which, compared to the amino acid sequence of the corresponding full length
Nanobody or analog, one or more of the amino acid residues at the N-terminal end, one or
more amino acid residues at the C-terminal end, one or more contiguous internal amino acid
residues, or any combination thereof, have been deleted and/or removed. It is also possible to
combine one or more of such parts or fragments to provide a Nanobody of the invention.

Preferably, the amino acid sequence of a Nanobody that comprises one or more parts
or fragments of a full length Nanobody and/or analog should have a degree of sequence
identity of at least 50%, preferably at least 60%, more preferably at least 70%, such as at least
80%, at least 90% or at least 95%, with the amino acid sequence of the corresponding full
length Nanobody.

Also, the amino acid sequence of a Nanobody that comprises one or more parts or
fragments of a full length Nanobody and/or analog is preferably such that is comprises at
least 10 coﬁtiguous 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.

Generally, such parts or fragments of the Nanobodies of the invention will have amino
acid sequences in which, compared to the amino acid sequence of the corresponding full
length Nanobody-of the.invention, one or. more of the amino acid residues at the N-terminal
end, one or more amino acid residues at the C-terminal end, one or more contiguous internal
amino acid residues, or any combination thereof, have been deleted and/or removed. It is also
possible to combine one o‘r more of such parts or fragments to provide a Nanobody of the
mvention.

According to one preferred embodiment, a fragment as used herein comprises at least
one of the COR’s present in a full-sized Nanobody of the invention, preferably at least two of

the CDR’s present in a full-sized Nanobody of the invention, more preferably at least CDR2
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and CDR3 present in a full-sized Nanobody of the invention, such as for example all three
CDR’s present in a full-sized Nanobody of the mvention.

According to another particularly preferred, but non-limiting embodiment, such a part
or fragment comprises at least FR3, CDR3 and FR4 of the corresponding full length
Nanobody of the invention, i.e. as for example described in the International application WO
03/050531 (Lasters et al.).

Preferably, such parts or fragments should be such that they still can bind to, have
affinity for and/or have specificity for TNF-alpha, i.e. with an affinity and/or a specificity
which is at least 10%, preferably at least 50%, more preferably at least 70%, even more
preferably at least 80%, such as at least 90%, at least 95%, at least 99% or more, of the
affinity and/or specificity of the corresponding full-sized Nanobody of the invention, for
example an assay to determine binding of the analog to TNF, and in particular one of the
assays as used in the Examples below.

From the description hereinabove, it will be clear that the amino acid sequences of the
Nanobodies used herein differ at at least one amino acid position in at least one of the
framework regions from the amino acid sequences of naturally occurring V;; domains, such
as the amino acid sequences of naturally occurring Vi domains of antibodies from human
beings. In particular, it will be clear that the amino.acid sequences-of the Nanobodies used
herein differ at at least one of the Hallmark Residues from amino acid sequences of naturally
occurring Vy domains, such as the amino acid sequences of naturally occurring Vy; domains
from antibodies from Camelids and/or human beings.

Thus, according to one specific embodiment, a Nanobody of the invention has an
amino acid sequence that differs at at least one amino acid position in one of the framework
regions from the amino acid sequence of a naturally dccurring Vy domain. According to a
more-specific;-but non-limiting-embodiment-of the -invention,-a Nanobody .of .the invention
has an amino acid sequence that differs at at least one of the Hallmark residues from the
amino acid sequence of a naturally occurring Vi domain.

From the description hereinabove, it will also be clear that the amino acid sequences
of the some of the Nanobodies of the invention, such as the humanized Nanobodies of the
invention, will differ at at least one amino acid position in at least one of the framework
rogions (i.c. cither at the position of a Hallmark residue or at another position) from the
amino acid sequences of naturally occurring Vyy domains. Thus, according to one specific,

but non-limiting embodiment, a Nanobody of the invention has an amino acid sequence that
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differs at at least one amino acid position in one of the framework regions from the amino
acid sequence of a naturally occurring Vi domain. According to a more specific, but non-
limiting embodiment of the invention, a Nanobody of the invention has an amino acid
sequence that differs at at Icast onc of the Hallmark residues from the amino acid sequence of
a naturally occurring Vi domain.

The invention 1n 1ts 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 functional groups, residues or moieties
into or-onto the Nanobody of the invention, and in particular of one or morec 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 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 .
climinate 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 ¢ombination of two or more of the
foregoing. Examples of such functional groups and of techniques for introducing them will be
clear to the skilled person, and can generally comprise all functional groups and techniques
mentioned in the general background art cited hereinabove as well as the functional groups
and techniques known per se for the modification of pharmaceutical proteins, and in

particular for the modification of antibodies or antibody fragments (including ScFv’s and
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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 spaccr, as will again be clear to the skilled
person.

One of the most widely used techniques for increasing the half-life and/or the
reducing immunogenicity of pharmaceutical proteins comprises attachment of a suitable
pharmacoclogically 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 ScFv’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. Vanous reagents for pegylation of proteins are also
commercially available, for example from Nektar Therapeutics, USA.

Preferably, site-directed pegylation is used, in particular via a cysteine-residue (see 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 of the invention may be modified so as to suitably introduce one
or more cysteine residues for attachment of PEG, or an amino acid sequence comprising 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 Icss than 200,000, such
as less than 100,000; for example in the range of 20,000-80,000.

With regard to pegylation, its should be noted that generally, the invention also
encompasses any Nanobody of the invention and/or polypeptide of the invention that has
been pegylated at one or more amino acid positions, preferably in such a way that said
pegylation either (1) increases the half-life in vivo; (2) reduces immunogenicity; (3) provides
one or more further benceficial propertics known per se for pegylation; (4) does not essentially
affect the affinity of the Nanobody and/or polypeptide for TNF-alpha (e.g. does not reduce
said affinity by more than 90%, preferably not by more than 50 %, and more preferably not
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by more than 10%, as determined by a suitable assay, such as those described in the
Examples below), and/or (4) does not affect any of the other desired properties of the
Nanobodies and/or polypeptides of the invention. Suitable PEG-groups and methods for
attaching them, either specifically or non-specifically, will be clear to the skilled person.
Suitable kits and reagents for such pegylation can for example be obtained from Nektar (CA,
USA). '

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-generating 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 mnclude, but are not limited to, fluorescent
labels (such as fluorescein, isothiocyanate, rhodamine, phycoerythrin, phycocyanin,
allophycocyanin, o-phthaldehyde, and fluorescamine and flucrescent 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,
125I, 3p g Me Slep 3601, 57Co, 58CO, 59Fe, and 7586), metals, metals chelatés or metallic
cations (for example metallic cations such as $wpe 1By, g 13 1, *Ru, Iy, %Ga, and **Ga
or other metals or metallic cations that are particularly suited for use in in vivo, in vitro or in
situ diagnosis and imaging, such as (**’Gd, *Mn, '62Dy, 2Cr, 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, B-galactosidase, ribonuclease, urease, catalase,
glucose-VI-phosphate dehydrogenase, glucoamylase and acetylcholine esterase). Other
suitable labels will be clear to the skilled person, and for example include moieties 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 of the specific label.
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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 reporter, for example m a diagnostic system where a detectable 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
Suresh, Joumnal 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 these 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 to 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. . 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 (e.g. to study
function-activity relationships). Reference is for example made to Lundblad and Bradshaw,
Biotechnol. Appl. Biochem., 26, 143-151 (1997).

As mentioned above, the invention also relates to proteins or polypeptides comprising

at least one Vyy domain (i.e. as identified using the methods of the invention) or at least one

Nanobody based thereon.
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According to one non-limiting embodiment of the invention, such a polypeptide of the
invention essentially consists of a Nanobody. 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 (as mentioned above) or corresponds to the amino acid
sequence of a Nanobody in which a limited number of amino acid residues, such as 1-10
amino acid residues and preferably 1-6 amino acid residues, such as 1, 2, 3, 4, 5 or 6 amino
acid residues, have been added to the amino terminal end, to the carboxy terminal end, or
both to the amino terminal end and to 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:

a)  can comprise an N-terminal Met residue, for example as result of expression in a
heterologous host cell or host organism.

b)  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
skilled person, and may be as further described herein. Usually, such a leader sequence
awill be linked to the N-terminus of the Nanobody, although the inventibn.in“its broadest
sense is not limited thereto;

¢} may form a sequence or signal that allows the Nanobody to be directed towards and/or
to penetrate or enter into specific organs, tissues, cells, or parts or compartiments 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 are for example described by Cardinale et al.,, Methods, 34, 171 (2004).
Other sutiable techniques for intracellular targeting involve the expression and/or use of

so-called “intrabodies” comprising a Nanobody of the invention, as mentioned below;
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d) may form a “tag”, for example an amino acid sequence or residue that allows or
facilitates the purification of the Nanobody, for example using affinity techniques
directed against said sequence or residue. Thereafter, 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 histidine residues, glutatione residues
and a myc-tag such as AAAEQKLISEEDILNGAA [SEQ ID NO:476];

e) 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 to another embodiment, a polypeptide of the invention 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, i.e. so as to prbvide a fusion protein comprising said Nanobody of the
invention and the onc or morc 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 to the Nanobody or the polypeptide of the invention. Preferably, the
further amino acid sequence is such that it confers one or more desired properties or
functionalities to the Nanobody or the polypeptide of the invention.

Example of such amino acid sequences will be clear to the skilled person, and may
generally comprise all amino acid sequences that are used in peptide fusions based on
conventional antibodies and fragments thereof (including but not limited to ScFv’s and single
domain antibodies). Reference is for example made to the review by Holliger and Hudson,

Nature Biotechnology, 23, 9, 1126-1136 (2005), For example, such an amino acid sequence
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properties to and/or reduces the undesired properties of the polypeptides of the invention,
compared to the Nanobody of the mvention 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).

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). For example, the
further amino acid sequence may provide a second binding site that is directed against a
serum protein (such as, for example, human serum albumin or another serum protein such as
IgG), so as to provide increased half-life in serum. Reference is for example made to EP 0
368 684, WO 91/01743, WO 01/45746 and WO 04/003019 (in which varicus serum proteins
are mentioned), the International application by applicant entitled “Nanobodies™ against
amyloid-beta and polypeptides comprising the same for the treatment of degenerative neural
diseases such as Alzheimer’s disease” (in which various other proteins are rﬁentioned), as
well as to Harmsen et al., Vaccine, 23 (41); 4926-42. 7 .

According to another embodiment, the one or more further amino acid sequences may
comprise onc 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) Vy or Vi domain domain or to a natural or synthetic analog of a Vy or Vi domain,
again optionally via a linker sequence (including but not limited to other (single) domain
-antibodies,.such.as the. dAb’s.described by Ward et al.).

The at least one Nanobody may also be linked to one or more (preferably human)
CH;, CH; and/or CH; domains, optionally via a linker sequence. For instance, a Nanobody
linked to a suitable CH; domain could for example be used - together with suitable light
chains - to generate antibody fragments/structures analogous to conventional Fab {ragments
or F(ab)2 fragments, but in which one or (in case of an F(ab’)2 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 CH3 domain (eptionally via a linker) to provide a construct

with increased half-life in vivo.
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According to one specific embodiment of a polypeptide of the invention, one or more
Nanobodies of the invention may linked to one or more antibody parts, fragments or domains
that confer one or more effector functions to the polypeptide of the invention and/or may
confer the ability to bind to one or more Fc receptors. For example, for this purpose, and
without being limited thereto, the one or more further amino acid sequences may comprise
one or more CH and/or CH; 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, from IgE or from another
human Ig. For example, WO 94/04678 describes heavy chain antibodies comprising a
Camelid Vyy domain or a humanized derivative thereof (i.e. a Nanobody), in which the
Camelidae CH; and/or CH; domain have been replaced by human CH» and CH; domains, so
as to provide an immunoglobulin that consists of 2 heavy chains each comprising a
Nanobody and human CH2 and CH3 domains (but no CHI1 domain), which immunoglobulin
has the effector function provided by the CH2 and CH3 domains and which immunoglobulin
can function without the presence of any light 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 and WO
05/017148, as well as the review by Holliger and Hudson, supra. 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. CH; and/or CH; 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 CH3 domain, optionally via a linker sequence.
Generally, any fusion protein or derivatives with increased half-life will preferably have a
molecular weight of miore than 50 kD, the cut-off value for renal absorption.

The further amino acid sequences may also form a signal sequence or leader sequence
that directs secretion of the Nanobody or the polypeptide of the invention from a host cell
upon synthesis (for example (o 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).
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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 penctrate or enter
into specific organs, tissucs, 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 et 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 “intrabodies™, 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 Cattaneo, A. & Biocca, S. (1997) Intracellular Antibodies: Development
and Applications. Landcs 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 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 WO 03/055527.

According to one non-limiting embodiment, one or more amino acid residues can be

added-to, -inserted -in. and/or.substituted . in- the. amino_acid._sequence_of a Nanobody. or

polypeptide of the invention, so as to provide one or more specific amino acid residues for

attachment of a PEG-group.

The efficacy of protein pharmhaceuticals depends on its potency to neutralize the target
but also on the intrinsic pharmacokinetics of the potential drug. Because the kidney generally
filters out molecules below 60,000 Daltons (Da), efforts to reduce clearance have focussed on
increasing the molecular weight of the biopharmaceutical through protein fusions (Syed et al.,
1997), glycosylations or modification with polyethylene glycol polymers, i.e., PEGylation
(Lee et al, 1999; Abuchowski et al., 1977; Nucci et al, 1991; Lecolley, ¢t al. Chem
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Commun, 2004; Tao et al., ] Am Chem Soc, 2004; Mantovani ct al., 2005). These methods
successfully extend the in vivo exposure of the biopharmaceutical,

Alternatively, the half-life can be extended using another pegylating agent, POLY
PEG for conjugation to the bivalent Nanobodies, TNF56 or TNF55. POLY PEG are comb
shape polymers with PEG teeth on a methacrylic backbone. POLY PEGs can vary on the
length of the PEG chain, on the methacrylic backbone and on the active end-group which
determines the method of conjugation of the POLY PEG to the Nanobody. Site-specific
conjugation to the C-terminal cysteine present in the Nanobodies can be achieved through the
active maleimide end-group in the POLY PEG. .

The invention also encompasses any Nanobody of the invention and/or polypeptide of
the invention that has been glycosylated at one or more amino acid positions, usually

depending upon the host used to express the Nanobody or polypeptide of the invention (as

 further described below).

According to one non-limiting embodiment, one or more amino acid residues can be
added to, inserted in and/or substituted in the amino acid sequence of a Nanobody or
polypeptide of the invention, so as to provide one or more specific amino acid residues and/or
a site that can be glycosylated by the host organism used. By means of a preferred, but non-
limiting example, the N-residue on position 50 within CDR2 of a Nanobody of the invention
can for example be replaced by a Q, D or S residue so as to provide a glycosylation site, e.g.
for glycosylation by Pichia.

According to another embodiment, a polypeptide of the invention can comprise the:
amino acid sequence of a Nanobody, 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 with at least
one further amino acid sequence.

-Again;-said further amino-acid sequence(s) 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, according to one preferred, but non-limiting embodiment, said further

amino acid sequence may comprise at least one further Nanobody, so as to provide a
polypeptide of the invention that comprises at least two, such as three, four or five,
Nanobodies, in which said Nanobodics may optionally be linked via one or more linker

sequences (as defined herein).
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Polypeptides of the invention comprising two or more Nanobodies will also referred
to herein as “multivalent” polypeptides. For example a “bivalent” polypeptide of the
Invention comprises two Nanobodies, optionally linked via a linker sequence, whereas a
“trivalent” polypeptide of the invention comprises three Nanobodies, optionally linked via
two linker sequences; etc.

In a multivalent polypeptide of the invention, the two or more Nanobodies may be the
same or different. For example, the two or more Nanobodies in a multivalent polypeptide of
the invention:

- may be directed against the same antigen, i.e. against the same parts or epitopes of
said antigen or against two or more different parts or epitopes of said antigen; and/or:

- may be directed against the different antigens;

or a combination thereof.

Thus, a bivalent polypeptide of the invention for examplc:

- may comprise two identical Nanobodies;

- may comprise a first Nanobody directed against a first part or epitope of an antigen
and a second Nanobody directed against the same part or epitope of said antigen or
against another part or epitope of said antigen;

- or may comprise a first Nanobody directedfaéainst-av»ﬁrst ahtigcn and a second
Nanobody directed against a second antigen different from said first antigen;

whereas a trivalent Polypeptide of the Invention for example:

- may comprises three identical or different Nanobodies directed against the same or
different parts or epitopes of the same antigen;

- may comprise two identical or different Nanobodies directed against the same or
different parts or epitopes on a first antigen and a third Nanobody directed against a
second antigen different from-said first antigen; or

- may comprise a first Nanobody directed against a first antigen, a second Nanobody
directed against a sccond antigen different from said first antigen, and a third
Nanobody directed against a third antigen differcnt 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 and at least one Nanobody is directed against

a sccond antigen different from the first antigen, will also be referred to as “multispecific”

Nanobodies, Thus, a “bispecific” Nanobody is a ‘Nanobedy that comprises at least one

Nanobody directed against a first antigen and at least one further Nanobody directed against a
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second antigen, whereas a “trnispecific” Nanobody is a Nanobody that comprises at least one
Nanobody directed against a first antigen, at least one further Nanobody directed against a
second antigen, and at least one further Nanobody directed against a third antigen; etc.

Accordingly, in their simplest form, a bispecific polypeptide of the invention is a
bivalent polypeptide of the invention (as defined herein), comprising a first Nanobody
directed against a first antigen and a second Nanobody directed against a second antigen, in
which said fust 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
directed against a first antigen, a second 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 hereinabove, the invention is not
limited thereto, in the sense that a multispecific polypeptide of the invention may comprise
any number of Nanobodies directed against two or more different antigens.

- 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, as well as to EP 0 822 985. '

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 arc intended for pharmaceutical use.

Someé 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 Vi 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).

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, sce for example WO
04/081026.

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 (c.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-3 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 on 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 on some limited routine experiments,

Linkers for use in multivalent and multispecific polypeptides will be clear to the
skilled person, and for example include gly-ser linkers, for example of the type (gly,sery),,
such as (for example (glysser)s or (glysser:)s, as described in WO 99/42077, hinge like
regions such as_the hinge regions. of naturally occurring heavy chain antibodies or similar.
sequences. For other suitable linkers, reference is also made to the general background art
cited above. Some particularly preferred linkers are given in SEQ ID NO’s 68 and 69.

Linkers can also provide some functionality for the multivalent or multispecific -
polypeptide. For example, linkers containing one or more charged amino acid residues (see
Table 1 above) can provide improved hydrophilic properties, whereas linkers that form or

contain small epitopes or lags can be used for the purposes of detection, identification and/or

purification.
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As mentioned herein, in a protein or polypeptide of the inventon, the anti-TNF
Nanobodies mentioned herein are preferably linked in such a way that said protein or
polypeptide, upon binding to a TNF frimer, is capable inhibiting or reducing the TNF
receptor crosslinking that is mediated by said TNF trimer and/or the signal transduction that
is mediated by such receptor crosslinking; and/or in such a way that the protein or
polypeptide is capable of intramolecular binding to at least two TNF receptor binding sites on
a TNF trimer. Suitable linkers are as described hercin.

As also mentioned herein, whether a protein or polypeptide provides intermolecular
binding or extramolecular binding can be assessed (at least initially) by a size exclusion
chromatography. By Size Exclusion Chromatography the complexes of TNF-alpha and
antibodies can be analyzed for determining the number and the ratio of antibody and TNF-
alpha molecules in the complex. From these data it can be deduced if inter- or intramolecular
binding occurs, as was done by Santora and colleagues (Santora, L.C,, et al, Anal Biochem.
2001) for establishing the stoichiometry of binding of monoclonal antibody D2E7 (Humira)
to TNF-alpha at different ratios of antibody and target. From the molecular weight of the
complex it was concluded that three antibody molccules complexed with three TNF trimers,

thereby indicating that the antibody binds in an intermolecular mode. Similar éxperiments

" were performed with bivalent Nanobodies, in which a very short linker induced the formation.

of large molecular complexes, which were obtained by intermolecular bonds. However, the
same bivalent Nanobodies constructs with longer linkers eluted from the gel filtration column
as discrete small complexes, thereby demonstrating that intramolecular bonds were formed.
Combined with the bioassay data, in which the longer linker containing Nanobody TNF1 had
an optimal potency (complete neutralization of amount of TNF used in the assay, i.e. 10 pM),
it can be concluded that intramolecular binding of the bivalent Nanobody efficiently prevents
cross-linking--of-two-cell -bound.receptors.-and . the. associated -receptor..activation... Known .
monoclonal antibodies such as Humira or Remicade can not form such intramolecular bonds,
leaving always two receptor bindingsites on the timeric TNF molecule to a certain degrece
available for interaction with cell bound receptor, which translates into less potent
neutralization as measured in the bioassay.

Alternatively, whether a protein or polypeptide provides intermolecular binding or
extramolecular binding can be assessed by crystallography and/or molecular modelling (or
other suitable in silico techniques). A model of a trimeric TNF30/TNF-alpha complex was

generated based on the crystal structure of the monomeric wild type TNFI/TNF-alpha



15

20

30

CA 2962819 2017-03-30

- 161 -

complex. From this structure the final TNF30-linker-ALB8-linker-TNF30 construct was
modeled. The TNF30-linker-ALB8-linker-TNF30 construct was modelled starting from the
trimer of TNFa with two TNF30 molecules bound. As the structure of the ALBS is not
known, a third TNF30 molecule was used instead, which was placed in between the other two
Nanobodies along the line between the N- and C-termini. The 9 amino acid linkers were then
added manually.

The model is shown in Figure 62. Clearly, the 9 amino acid linkers together with the
ALBS8 provide ample room to span the about 66 A between the two TNF30 domains bound to
TNFo. ALBS by itself already spans 40 A, and each linker can span another ~27 A in
completely extended conformation. As a result, the ALB8 has quite some flexibility of
tnovc;menl,‘ and it is not expected that its binding to albumin would interfere much with the
binding to TNFa.

Moreover, it is likely that the linkers can be shortened without affecting avidity,
especially in the case of the linker that is C-terminal of ALBS. This may have the beneficial
effect of increased binding to the same TNFa trimer versus crosslinking trimers, because the
probability that the second TNF30 associates with a different TNFa increases with the. léngth
of the linker.

As also further described hereiﬁ, a rﬁﬁfﬁspeeiﬁ; polypeptide of the invention directed
against a desired antigen and against at least one serum protein, such as the serum proteins
mentioned hereinbelow, and in particular against human serum albumin, may show increased
half-life in serum, compared to the'correspond'mg monovalent Nanobody.

As mentioned hereinabove, the methods described herein are particularly suited for

generating such multivalent of multispecific polypeptides of the invention.

In a polypeptide of the invention, the at least one Nanobody may also be linked to a

‘conventional Vy; domain or to a natural or synthetic analog of a Vy; domain, optionally via a

linker sequence.
In a polypeptide of the invention, the at least one Nanobody may also be linked to a

V. domain or to a natural or synthctic analog of a V| domain, optionally via a linker
sequence, so as to provide a polypeptide of the invention that is in the form analogous to a
conventional scFv fragment, but containing a Nanobody instead of a Vy domain.

In a polypeptide of the invention, the at least one Nanobody may also be linked to one
or more of a CH1, CH2 and/or CH3 domain, optionally via a linker sequence. For instance, a

Nanobody linked to a suitable CH1 domain could for example be used - together with
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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. Such fragments

may also be heterospecific or bispecific, i.e. directed against two or more antigens. A

Nanobody linked to suitable CH2 and CH3 domains, for example derived from Camelids,

could be used to form a monospecific or bispecific heavy chain antibody. Finally, a

Nanobody linked to suitable CHl, CH2 and CH3 domains, for example derived from a

human being, could be used — together with suitable light chains - to form an antibody that is

analogous to a conventional 4-chain antibody, but in which one or both of the conventional

Vy domains have been replaced by a Nanobody.

Also, in addition to the one or more Nanobodics, Polypeptides of the Invention can
also contain functional groups, moieties or residues, for example therapeutically active
substances, such as those mentioned below, and/or markers or labels, such as fluorescent
markers, isotopes, etc., as further described hereinbelow.

The Nanobodies of the invention, the polypeptides of the invention, and nucleic acids
encoding the same, can be prepared in a manner known per se, as will be clear to the skilled
person from the further description herein. Some preferred, but non-limiting methods for
preparing the Nanobodies, polypeptides and nucleic acids include the-methods and techniques_
mentioned above and/or further described hereinbelow . 7

As will be clear to the skilled person, one particularly useful method for preparing a
Nanobody and/or a polypeptide of the invention generally comprises the steps of:

- 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 Nanobody or polypeptide of the mvention (also referred to hercin as a “nucleic acid

-—-of the-invention™); optionally followed by: .

- isolating and/or purifying the Nanobody or polypeptide of the invention thus obtained.

In particular, such a method may comprise the steps of:

cultivating and/or mantaining a host of the invention under conditions that are such that

said host of the invention expresses and/or produces at least one Nanobody and/or

polypeptide of the invention; optionally followed by: \

- isolating and/or purifying the Nanobody or polypeptide of 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
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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 embodiment of the invention, the nucleic acid of the invention is in
essentially isolated from, as defined hereinabove.

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 obtained 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 Vuy domains can for example be
subjected to site-directed mutaéenesis, so as 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 for mstance include, but are not limited to, automated DNA synthesis; site-
directed mutagenesis; combining two or more naturally occurring and/or synthetic sequences
(or two or more parts thereof), introduction of mutations that lead to the expression of a
truncated expression product; introduction of one or more restriction sites (e.g. to create
casettes and/or regions that may easily be digested and/or ligated using suitable restriction
enzymes), and/or the introduction of mutations by means of a PCR reaction using one or
more-“mismatched”-primers,-using-for example-a sequence of a naturally-occurring-GPCR -as
a template. These and other techniques will be clear to the skilled person, and reference is
again made to the standard handbooks, such as Sambrook et al. and Ausubel et al., mentioned
above, as well as the Examples below.

The nucleic acid of the invention may also be in the form of, be present in and/or be
part of a genetic construct, as will be clear to the person skilled in the art. Such genetic
constructs generally comprise at least one nucleic acid of the invention that is optionally
linked to one or more elements of genetic constructs known per se, such as for example one

or more suitable regulatory elements (such as a suitable promoter(s), enhancer(s),
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terminator(s), etc.) and the further elements of genetic constricts referred to hereinbelow.
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
5  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 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
10 plasmid, cosmid, YAC, a viral vector or transposon, In particular, the vector may be an
expression vector, i.e. a vector that can provide for expression in vitro and/or in vivo (e.g. in a
suitable host cell, host organism and/or expression system).

In a preferred but non-limiting embodiment, a genetic construct of the invention

comprises
15 a) at least one nucleic acid of the invention; operably connected to
b) one or more rcgulatory clements, such as a promoter and optionally a suitable
terminator;
¢) . and optionally also - -
d) one or more further elements of genetic constructs known per se;

20 in which the terms “regulatory element”, “promoter”, “terminator” and “operably connected”
have their usual meaning in the art (as further described below); and in which said “further
elements” present in the genetic constructs may for 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

-25. _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.

30 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 further elements,
are “operably linked” to cach other, by which is generally meant that they are in a functional

relationship with each other. For instance, a promoter is considered “operably linked” to a
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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 promoter, enhancer or terminator should be “operable” in the intended
host cell or host organism, by which is meant that (for example) said promoter should be
capable of initiating or otherwise controlling/regulating the transcription and/or the
expression of a nucleotide sequence - e.g. a coding scquence - to which it is operably linked
(as defined herein).

Some particularly preferred promoters include, but are not limited to, promoters
known per s¢ for the expression in bacterial cells, such as those mentioned hereinbelow
and/or those used in the Examples.

A seleetion marker-should be such that it allows - i.e. under appropriate selection
conditions - host cells and/or host organisms that have been (succesfully) transformed with
the nucleotide sequence of the invention to be distinguished from host cells/organisms that
have not been (succesfully) transformed. Some preferred, but non-limiting examples of such
markers are genes that provide resistance against antibiotics (such as kanamycine or
ampicilline), 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
for secretion of the expression product from said cell. As such, the leader sequence may be
any pro-, pre-, or prepro-scquence operable in the host cell or host organism. Leader

sequences may not be required for expression in a bacterial cell.
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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, e.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 fluorescent proteins such as GFP.

Some preferred, but non-limiting examples of suitable promoters, terminator and
further elements include those used in the Examples below. For some (further) non-limiting
examples of the promoters, selection markers, leader seqﬁences, expresston markers and
further clements 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 ct 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-6,207,410, US-A- 5,603,492 and EP 1 085 089. Other examples will be clear to the
skilled person. Reference is also rﬁade to the general background art cited above and the
further references cited hereinbelow. ‘ )

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 descnibed in the general handbooks such as
Sambrook et al. and Ausubel et al., mentioned above.

Often, the genetic constructs of the invention will be obtained by inserting a
nucleotide sequence of the invention in a suitable (expression) vector known per se. Some
preferred,. but. non-limiting _examples of suitable_expression. vectors are those used in .the.-.
Examples below, as well as those mentioned below.

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. The host cell or host organism may be any
suitable (fungal, prokaryotic or eukaryotic) 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
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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 fungal cell, including but not limited to cells from species of Trichoderma, for
example from Trichoderma reesei; of Neurospora, for example from Neurospora
crassa; of Sordaria, for example from Sordaria macrospora; of Aspergillus, for
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; of 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; of Arxula, for example of Arxula adeninivorans;
of Yarrowia, for example of Yarrowia lipolytica;

- an amphibian cell or cell line, such as Xenopus oocytes;

- an inscct-derived cell or cell line, such as cells/cell lines derived from lepidoptera,
including but not limited to Spodoptera SF9 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 derived a cell or cell line derived from a
human, from the mammals including but not limited to CHO-cells, BHK-cells (for
example BHK-21 cells) and human cells or cell lines such as HeLa, COS (for example
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 fragments (including but not limited to_(single) .domain antibodics

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 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 (c.g. as a gene therapy). For this purpose, the
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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 afier 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 to 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; or suitable cells (often
taken from the body of the patient to be treated, such as explanted [ymphocytes, 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, for example 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. S (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; 1 US
5,589,466; or Schaper, Current Opinion in Biotechnology 7 (1996), 635-640. For example, in
situ expression of ScFv fragments (Afanasicva et al., Gene Ther., 10, 1850-1859 (2003)) and
of diabodies (Blanco et al., J. Immunol, 171, 1070-1077 (2003)) has been described in the art.

For expression of the Nanobodies in a cell, 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 Cattaneo, A. & Biocca, S. (1997) Intracellular Antibodies: Development
and Applications. Landes and Springer-Verlag; and in Kontermann, Mecthods 34, (2004), 163-
170.

For production, the Nanobodics 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-
0,849,992 for general techniques for introducing transgenes into mammals), in plants or parts

of plants including but not limited to their leaves, flowers, fruits, secd, roots or tubers (for
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example in tobacco, maize, soybean or alfalfa) or in for example pupac of the silkworm
Bombyx mori.

Furthermore, the 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 wheat germ system; 1n rabbit reticulocyte lysates; or in the £. 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,
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 to the skilled person, Polypeptides of ‘the invention
suttable for phanmaceutical 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 £.
coli, Pichia pastoris, 5. cerevisiage that are suitable for large scale
expression/production/fermentation, and in particular for large scale pharmaceutical
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).

. ~Altematively, . 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 of the companies mentioned above.

The choice of the specific expression system would depend in part on the requirement
for certain post-translational modifications, more specifically glycosylation. The production
of a 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
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glycosylation patiern obtained (i.c. 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
orcell 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 are usually leads to a
glycosylation pattern that differs from human glycosylation. Nevertheless, it should be
understood that all the foregoing host cells and expression systems can be used in the
invention, depending on the desired Nanobody or protein to be obtained.

Thus, according to on¢ non-limiting embodiment of the invention, the Nanobody or
polypeptide of the invention is glycosylated. According to another non-limiting embodiment
of the invention, the Nanobody or polypeptide of the invention is non-glycosylated.

According to onc preferred, but non-limiting embodiment of the invention, the
Nanobody or polypeptide of the invention is produced in a bacterial cell, in particular a
bacterial cell snitable for large scale pharmaceutical production, such as cells of the strains
mentioned above.

According to another preferred, but non-limiting embodiment of the invention, the
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 embodiment of the invention, the
Nanobody or polypeptide of the invention is produced in a mammalian cell, 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-ahuman cell line that.is suitable for large scale pharmaceutical production, such as the cell .
lines mentioned hereinabove.

When expression in a host cell 1s used to produce the Nanobodies and the proteins of
the invention, the Nanobodies and proteins of the invention can be produced either
intracellullarty (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 theun isolated from the culture medium
and optionally further purified. When eukaryotic hosts cells are used, extracellular production

is usually preferred since this considerably facilitates the further isolation and downstrcam
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processing of the Nanobodies and proteins obtained. Bacterial cells such as the strains of E.
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 to the periplasmié 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 in the periplasm than in the cytoplasm. In
addition, protein purification is simpler due to fewer contaminating proteins in the periplasm.
Another advantage 1s that correct disulfide bonds may form because the periplasm provides a
more oxidative environment than the cytoplasm. Proteins overexpressed in E. 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 therapeutic proteins, are recovered from inclusion bodies. Alternatively, as will be
clear to the skilled person, recombinant strains of bacteria that have been geuetically
modified so as to secrete a desired protein, and in particular a Nanobody or a polypeptide of

the+nvention, can be used.
Thus, according to one non-limiting embodiment of the invention, the Nanobody or
polypeptide of the invention is a 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 bactenial cell. According to another non-limiting
embodiment of the invention, the Nanobody or polypeptide of the invention is a Nanobody or
polypeptide that has been produced extracellularly, and that has been isolated from the
medium-in which-the-host-cell-is.cultivated. ..
Some preferred, but non-limiting promoters for use with these host cells include,
for expression in E. coli: lac promoter (and derivatives thereof such as the lacUV5
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 Tnl0 tetracycline resistance gene; engineered variants of the above promoters that

include one or more copies of an extrancous regulatory operator sequence;
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for expression in S. cerevisiae: constitutive: ADHI (alcohol dehydrogenase 1), ENO
(enolase), CYC1 (cytochrome ¢ iso-1), GAPDH (glyceraldehydes-3-phosphate
dehydrogenase); PGK1 (phosphoglycerate kinase), PYKI (pyruvate kinase); regulated:
GAL1,10,7 (galactose metabolic enzymes), ADH2 (alcohol dehydrogenase 2), PHOS
(acid phosphatasc), CUPI (copper metallothioncin); heterologous: CaMV (cauliflower
mosaic virus 35S promoter);

for expression in Pichia pastoris: the AOX1 promoter (alcohol oxidase 1)

for expression in mammalian cells: human cytomegalovirus (hCMV) immediatc carly
enhancer/promoter; human cytomegalovirus (hCMV) immediate carly 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 la (hEF-1a) promoter from human, chimpanzee, mouse or rat; the SV40 early

promoter; HIV-1 long terminal repeat promoter; B-actin 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 (Stratagenc), pSG5 (Stratagenc), EBO-pSV2-neo (ATCC
37593), pBPV-1 (8-2) (ATCC 32110), pdBPV-MMTneo (342-12) (ATCC 37224),
pRSVgpt (ATCC37199), pRSVneo (ATCC37198), pSV2-dhfr (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 bacterials cells: pET vectors (Novagen) and pQE vectors
(Qiagen);

vectors for expression -in yeast or other fungal cells: pYES2 (Invitrogen) and Pichia
expression-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:
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- for use in bacterial cells such as E. coli: PelB, Bla, OmpA, OmpC, OmpF, OmpT, Stl,

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),
etc.;

- for use in mammalian cells: indigenous signal in case the target protein is of eukaryotic
origin; murine [g x-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
construct to be used. Reference is again made to the handbooks and patent applications
mentioned above.

After transformation, a step for detecting and selecting thosc 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 invention, e.g. using specific antibodies.

The transformed host cell (which may be in the form of a Stable cell line) or host
organisms (which may be in the form of a stable mutant linc or strain) form further aspects of
the pfésent mvention. » é 7

Preferably, these host colls or host organisms are such that they exbress, or are (at
least) capable of expressing (e.g. under suitable conditions), an amino acid sequence of the
invention (and in case of a host organism: in at least one cell, part, tissue or organ thereof).
The invention also includes further generations, progeny and/or offspring of the host cell or

host organism of the invention, that may for instance be obtained by cell division or by sexual

-orasexual 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 of the invention is
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

1s madc to the handbooks and patent applications mentioned above in the paragraphs on the

genetic constructs of the invention.
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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 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 cell/host organism used.
Also, the amino acid sequence of the invention may be glycosylated, again depending on the
host cell/host organism used.

The amino acid sequence 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, diffcrential precipitation techniques,
affinity techniques (e.g. using a specific, cleavable amino acid sequence fused with the amino
acid sequence of-the invéntion)-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 of the inventions
may be formulated as a pharmaceutical preparation 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, etc.. Such
suitable administration forms - 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 {urther described hereinbelow.

Generally, the Nanobodies and polypeptides of the tnvention 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
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04/041863, WO 04/041865 and WO 04/041867) 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).

For example, the 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 topical (i.e. 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-buffcrcd 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, soybean oil, as well as suitable mixtures thereof. Usually, aqueous solutions or
suspensions will be preferred.

The Nanobodies and polypeptides of the invention can also be administered using
gene therapy methods of delivery. See, e.g., U.S. Patent No. 5,399,346. Using a genc therapy

method of delivery, primary cells transfected with the gene encoding a Nanobody or

--polypeptide of 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 Nanobodies and polypeptides of the invention may be systemically
administered, e.g., orally, in combination with a pharmaceuticaily acceptable vehicle such as
an inert diluent or an assimilable edible carrier. They may be enclosed in hard or soft shel]
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 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,
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wafers, and the like. Such compositions and preparations should contain at least 0.1% of the
Nanobody or polypeptide of the invention. The percentage of the compositions and
preparations may, of course, be varied and may conveniently be between about 2 to about
60% of the weight of a given unit dosage form. The amount of the Nanobody or polypeptide
of the invention in such therapeutically useful compositions is such that an cffective 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 com 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 flavoring agent such as peppermint, oil of wintergreen, 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 elixir may contain the
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
pharmaceutically acceptable and substantially non-toxic in the amounts employed. In
addition, the Nanobodies and polypeptides of the invention may be incorporated into
sustained-release preparations and devices.

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

The Nanobodies and polypeptides of the invention may also be administered
intravenously or intraperitoncally by infusion or injection. Solutions of the 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,



15

20

- 25

30

CA 2962819 2017-03-30

-177-

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
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,
ethanol, a polyol (for example, glycerol, propylenc 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 surfactants. 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 Nanobodies and
polypeptides of the invention in the required amount in the appropriate solvent with various
of the other ingredients enumerated 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-filtered-solutions. - '

For topical administration, the 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
glycals or water-alcohol/glycol blends, in which the Nanobodies and polypeptides of the

mvention can be dissolved or dispersed at effective levels, optionally with the aid of non-
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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 to 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, modificd celluloses or modified mineral materials can also be employed with liquid
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
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).

Useful dosages of the Nanobodies and polypeptides of the invention can be
determined by comparing their in vitro 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. 4,938,049,

Generally, the concentration of the Nanobodies and polypeptides of the invention in a
liquid compositien, 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 Nanobodies and polypeptides of the invention required for use in
treatment will vary not only with the particular Nanobody or polypeptide selected but also
with the route of administration, the nature of the condition being treated and the age and

condition of the patient and will be ultimately at the discretion of the attendant physician or

-clinician.-Also -the- dosage -of-the -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 inio 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.
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Necessary modifications in this dosage range may be determined by one of ordinary skill in
the art using only routine experimentation given the teachings herein. See Remington’s
Pharmaceutical Sciences (Martin, E.W. ed. 4), Mack Publishing Co., Easton, PA. The dosage
can also be adjusted by the individual physician in the event of any complication.

In another aspect, the invention relates to a method for the prevention and/or treatment
of at least one TNF-relates disease or disorder as mentioned herein, said method comprising
administering, to a subject in need thereof, a pharmaceutically active amount 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 preventing 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 thcrewith,
preventing, reducing or reversing any physiological damage caused by the disease, and
gencrally 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 from, the diseases
and disorders mentioned herein.

The invention also relates to a method for the prevention and/or treatment of at least
one disease or disorder that can be prevented and/or treated by administering a Nanobody or
polypeptide-of-the invention to.a.patient, said method comprising administering, to.a subject
in need thereof, a pharmaceutically active amount 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 disease or disorder chosen from the group consisting of the diseases
and disorders listed herein, said method comprising administering, to a subject in need
thereof, a pharmaceutically active amount of a Nanobody of the invention, of a polypeptide

of the invention, and/or of a pharmaceutical composition comprising the same.
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In another embodiment, the invention relates to a method for immunotherapy, and in
particular for passive immunotherapy, which method comprises administering, to a subject
suffering from or at risk of the diseases and disorders mentionad herein, a pharmaceutically
active amount 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 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 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 cicumvents the gastrointestinal
tract), intranasally, transdermally, topically, by means of a suppository, by inhalation, again
depending on the specific pharmaceutical formulation or composition (o be used. The
clinician will be able to select a suitable route of administation and a suitable pharmaceutical
formulation or composition to be used in such administration, depending on the disease or
disorder to be prevented or treated and other factors well known to the clinician,

The 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 discase or disorder to be prevented or treated, the severity of the disease to be treated
and/or the severity of the symptoms thereof, the specific Nanobody or polypeptide of the
invention to be used, the specific route of administration and pharmaceutical formulation or
composition to be used, the age, gender, weight, diet, general condition of the patient, and

-.similar factors well known to the clinician.

Generally, the treatment regimen will comprise the administration of one or more
Nanobodies and/or polypeptides of the invention, or of one or more compositions comprising
the same, in one or more pharmaceutically effective amounts or doses. The - specific
armount(s) or doses to administered can be determined by the clinician, again based on the
factors cited abave.

Generally, for the prevention and/or treatment of the diseases and disorders mentioned
herein and depending on the specific disease or disorder to be treated, the potency of the

-specific Nanobody and polypeptide of the invention to be used, the specific route of
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administration and the specific pharmaceutical formulation or composition uscd, the
Nanobodies and polypeptides of the invention will generally be administered in an amount
between 1 gram and 0.01 microgram per kg body weight per day, preferably between 0.1
gram and 0.1 microgram per kg body weight per day, such as about 1, 10, 100 or 1000
microgram per kg body weight per day, either continuously (e.g. by infusion), as a single
daily dose or as multiple divided doses during the day. The clinician will generally be able to
determine a suitable daily dose, depending on the factors mentioned herein. It will also be
clear that in specific cases, the clinician may choose to deviate from these amounts, 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 to the
skilled person.

Usually, in the above method, a single Nanobody or polypeptide of the invention will
be used. It is however within the scope of the invention to use two or more Nanobodies
and/or polypeptides of the invention in combination.

The Nanobodies and polypeptides of-the inveation may also be used in combination
with one or more further pharmaceutically active compounds or principles, i.e. as a combined
treatment regimen, which may or may not lead to a synergistic effect. Again, the clinician
will be able to select such further compounds or principles, as well as a suitable combined
treatment regimen, based on the factors cited above and his expert judgement.

In particular, the Nanobodies and polypeptides of the invention may be used in
combination with other pharmaceutically active compounds or principles that are or can be
used for the prevention 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,

When two or more substances or principles are to be used as part of a combined
treatment regimen, they can be administered via the same route of administration or via
different routes of administration, at essentially the same time or at different times (e.g.
essentially simultaneously, consecutively, or according to an alternating regime). When the

substances or principles arc administered to be simultaneously via the same route of
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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 treatment regimen, each of the substances or principles may be administered in the
same amount and according to the same regimen as used when the compound or principle is
used on its own, and such combined use may or may not lead to a synergistic effect.
However, when the combined use of the two or more active substances or principles leads to
a synergistic effect, it may also be possible to reduce the amount of one, more or all of the
substances or principles to be administered, while still achieving the desired therapeutic
action. This may 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 effect.

The effectiveness of the treatment regimen used according to the invention may be
determined and/or followed m any manner known per se for the disease or disorder involved,
as will be clear to the clinician. The chmcum will also be able, whcrc appropnatc and ona
casec- by -case basis, to change or modify a particular treatment reglmen $0.a5 10- aelueve 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.

Thus, in a further aspect, the invention relates to a pharmaceutical composition that
contains at least one Nanobody of the invention or at least one polypeptide of the invention
and at least one suitable carrier (i.e. a camrier suitable for veterinary use), and optionally one
or more further active substances.

The invention also relates to the use of a Nanobody of the invention and/or of a
polypeptide of the invention in the preparation of a pharmaceutical composition, in particular
in the preparation of a pharmaceutical composition for the prevention and/or treatment
(including but not limiting to the alleviation of at least one symptom) of a disease or disorder

mediated by TNF-alpha and/or associated with TNF-alpha (for example associated with an
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abnormal activity of TNF-alpha, abnormal levels of TNF-alpha, abnormal expression of
TNF-alpha and/or abnormal sensitivity or response to TNF-alpha), or of one of the biological
phenomena associated with TNF-alpha), such as one of the diseases or disorders mentioned
above.

The invention also relates to a method for preventing and/or treating (including but
not limiting to the alleviation of at least one symptom) of a disease or disorder mediated by
TNF-alpha and/or associated with TNF-alpha (for ecxample associated with an abnormal
activity of TNF-alpha, abnormal levels of TNF-alpha, abnormal expression of TNF-alpha
and/or abnormal sensitivity or response to TNF-alpha, or of one of the biological phenomena
associated with TNF-alpha), such as one of the diseases or disorders mentioned above, which
method comprises administering to a subject in need thereof a therapeutically active amount
of a Nanobody of the invention, of polypeptide of the invention, and/or of a pharmaceutical
composition as described above.

The present invention provides polypeptides comprising one or more nanobodies
directed towards tumor necrosis factor alpha (TNF-alpha). The present invention further

relates to their use in diagnosis and therapy. Such antibodies may have a framework sequence

~with high homology .to the human framework sequences. Compositions comprising

antibodies to tumor necrosis factor alpha (TNF-alpha) alone or in combination with other
drugs are described. ,

Tumor necrosis factor alpha (TNF-alpha) is believed to play an important role in
various disorders, for example in inflammatory disorders such as rheumatoid arthritis,
Crohn’s disease, ulcerative colitis and multiple sclerosis. Both TNF-alpha and the receptors
(CD120a, CD120b) have been studicd in great detail. TNF- -alpha in its bioactive form is a
trimer and the groove formed by neighboring subunits is important for the cytokme -receptor
interaction. Several strategies to antagonize the action of the cytokine have been developed
and are currently used to treat various discase states.

A TNF-alpha inhibitor which has sufficient specificity and selectivity to TNF-alpha
may be an efficient prophylactic or therapeutic pharmaceutical compound for preventing or
treating disorders where TNF-alpha has been implicated as causative agent. Methods of
treating toxic shock (EP 486526), tumor regression, inhibition of cytotoxicity (US 6448380,
us 6451983, US 6498237), autoimmune disease such as RA and Crohn’s disease (EP
663836, US 5672347, US 5656272), graft versus host reaction (US 5672347), bacterial
meningitis (EP 585705) by means of an antibody to TNF-alpha have been described.
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Yet none of the presently available drugs are completely effective for the treatment of
autoimmune disease, and most are limited by severe toxicity. In addition, it is extremely
difficult and a lengthy process to develop a new chemical entitiy (NCE) with sufficient
potency and sclectivity to such target sequence. Antibody-based therapeutics on the other
hand have significant potential as drugs because they have exquisite specificity to their target
and a low inherent toxicity. In addition, the development time can be reduced considerably
when compared to the development of new chemical entites (NCE’s). However,
conventional antibodies are difficult to raise against multimeric proteins where the receptor-
binding domain of the ligand is embedded in a groove, as is the case with TNF-alpha. Heavy
chain antibodies described in the invention which are derived from Camelidae, are known to
have cavity-binding propensity (W097/49805; Lauwereys ct al, EMBO J. 17, 5312, 1998)).
Therefore, such heavy chain antibodies are inherently suited to bind to receptor binding
domains of such ligands as TNF. In addition, such antibodies are known to be stable over
long periods of time, therefore increasing their shelf-life (Perez et al, Bicchemistry, 40, 74,
2001). Furthermore, such heavy chain antibody fragments can be produced ‘en-masse’ in
fermentors  using cheap expression systems compared to mammalian cell culture
fermentation, such as yeast or other microorganisms (EP 0 698 097).

R The use of antibodies derived from sources such as- rr;ouse;-shccp;-goat; <;l-)bil etc.,
and humanised derivatives thereof as a treatment for conditions which require a modulation
of inflammation is problematic for several reasons. Traditional antibodies are not stable at
room temperature, and have to be refrigerated for preparation and storage, requiring
necessary refrigerated laboratory equipment, storage and transport, which contribute towards
time and expense. Refrigeration is sometimes not feasible in developing countries.
Furthermore, the manufacture or small-scale production of said antibodics is expensive
because the mammalian cellular systems necessary for the expression of intact and active
antibodies require high levels of support in terms of time and equipment, and yields are very
low. Furthermore the large size of conventional antibodies, would restrict tissue penetration,
for example, at the site of inflamed tissue. Furthermore, traditional antibodies have a binding
activity which depends upon pH, and hence are unsuitable for use in environments outside
the usual physiological pH range such as, for example, in treating gastric bleeding, gastric
surgery. Furthermore, traditional antibodies are unstable at low or high pH and hence are not
suitable for oral administration. However, it has been demonstrated that camelidae antibodies

”

resist harsh conditions, such as extreme pH, denaturing reagents and high temperatures



10

20

25

30

CA 2962819 2017-03-30

- 185 -

(Dumoulin et al, Protein Science 11, 500, 2002), so making them suitable for delivery by oral
administration. Furthermore, traditional antibodies have a binding activity, which depends
upon temperature, and hence are unsuitable for use in assays or kits performed at
temperatures outside biologically active-temperature ranges (e.g. 37 4 20°C).

Polypeptide therapeutics and in particular antibody-based therapeutics have
significant potential as drugs because they have exquisite specificity to their target and a low
inherent toxicity. However, it is known by the skilled addressee that an antibody which has
been obtained for a therapeutically useful target requires additional modification in order to
prepare it for human therapy, so as to avoid an unwanted unmunological reaction in a human
individual upon administration thereto. The modification process is commonly termed
"humanisation”. It is known by the skilled artisan that antibodies raised in species, other than
in humans, require humanisation to render the antibody therapeutically useful in humans ( (1)
CDR grafiing : Protein Design Labs: US 6180370, US 5693761; Genentech US 6054297;
Celltech: 460167, EP 626390, US 5859205; (2) Veneering: Xoma: US 5869619, US
5766886, US 5821123). There is a need for a method for producing antibodies which avoids
the requirement for substantial humanisation, or which completely obviates the need for
humanisation. There is a need for a new class of antibodies which have defined framework
regions or amino acid residues and which can be administered to a human subject without the
requirement for substantial humanisation, or the need for humanisation at all.

Another important drawback of conventional antibodies is that they are complex,
large molecules and therefore relatively unstable, and they are sensitive to breakdown by
proteases. This means that conventional antibody drugs cannot be administered orally,
sublingually, topically, nasally, vaginally, rectally or by inhalation because they are not
resistant to the low pH at these sites, the action of proteases at these sites and in the blood
and/or because of their large size. They have to be administered by injection (intravenously,
subcutaneously, etc.) to overcome some of these problems. Administration by injection
requircs specialist training in order to use a hypodermic syringe or needle correctly and
safely. It further requires sterile equipment, a liquid formulation of the therapeutic
polypeptide, vial packing of said polypeptide in a sterile and stable form and, of the subject, a
suitable site for entry of the needle. Furthermore, subjects commonly experience physical and
psychological stress prior to and upon receiving an injection. Therefore, there is need for a

method for the delivery of therapeutic polypeptides which avoids the need for injection which
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is not only cost/time saving, but which would also be more convenient and more comfortable
for the subject.

Nanobody-bésed therapeutics have significant potential as drugs because they have
exquisite specificity to their target and a low inherent toxicity. However, improving further
their intrinsic and functional affinity can lead to many benefits for a patient such as reduced
dose of therapeutic, faster therapy, and reduced side effects.

One embodiment of the present invention is an anti-TNF-alpha nanobody, which
nanobody is preferably as further defined above.

One embodiment of the present invention is an anti-TNF-alpha polypeptide
comprising at least onc anti-TNF-alpha nanobody, which polypeptide is preferably as further
defined above,

Another embodiment of the present invention is an anti-TNF-alpha polypeptide as
described above further comprising at lcast one nanobody directed against a serum protein,

Another embodiment of the present invention is an ant-TNF-alpha polypeptide as
described above wherein said serum protein is any of serum albumin, serum
immunoglobulins, thyroxine-binding protein, transferrin, or fibrinogen.

Another embodiment of the present invention is an anti-TNF-alpha polypeptide as
described above further comprising at least one nanobody selected_from the group consisting
of anti-IFN-gamma nanobody, anti-TNF-alpha receptor nanobody and ‘anti-IFN-gamma
receptor nanobody.

Another embodiment of the present invention is an anti-TNF-alpha polypeptide as
described above, wherein the number of nanobodies directed against TNF-alpha is at least
two.

Another embodiment of the present invention is an ant-TNF-alpha polypeptide as
described above, wherein at least one nanobody is a humanized Camelidae Vyuys.

Another embodiment of the present invention is a composition comprising an anti-
TNF-alpha polypeptide as described above and at least one nanobody from the group
consisting of anti-IFN-gamma nanobody, anti-TNF-alpha receptor nanobody and anti-IFN-
gamma receptor nanobody, for simultancous, separate or sequential administration to a
subject.

Another embodiment of the present invention is an anti-TNF-alpha polypeptide as

described above, or a composition as described above, wherein said nanobody is an
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homologous sequence, a functional portion, or a functional portion of an homologous
sequence of the full length nanobody.

Another embodiment of the present invention is an anti-TNF-alpha polypeptide as
described above, or a composition as described above, wherein the anti-TNF-alpha
polypeptide is an homologous sequence, a functional portion, or a functional portion of an -
homologous sequence of the full length anti-TNF-alpha polypeptide.

Another embodiment of the present invention is an anti-TNF-alpha polypeptide as
described above, or a composition as described above wherein at least one nanobody is a
Camelidae Vyy.

Another embodiment of the present invention is a nucleic acid encoding an anti-TNF-
alpha polypeptide as described above.

Another embodiment of the present invention is a method of identifying an agent that
modulates the binding of an anti-TNF-alpha polypeptide as described above, to Tumor
Necrosis Factor-alpha comprising the steps of:

(a) contacting an anti-TNF-alpha polypeptide as described above with a target that is Tumor
Necrosis Factor alpha, in the presence and absence of a candidate modulator under conditions
permitting binding between said polypeptide and target, and ,

{b) measuring the binding between the polypeptide and target of step (a), wherein a decrease
in binding in the presence of said candidate modulator, relative to the binding in the absence
of said candidate modulator identified said candidate modulator as an agent th.at modulates
the binding of an anti-TNF-alpha polypeptide as described above and Tumor Necrosis Factor-
alpha.

Another embodiment of the present invention is a method of identifying an agent that
modulates Tumor Necrosis Factor-alpha-mediated disorders through the binding of an anti-
TNF-alpha polypeptide as described above to Tumor Necrosis Factor-alpha comprising:

(a) contacting an anti-TNF-alpha polypeptide as described above with a target that is Tumor
Necrosis Factor alpha, in the presence and absence of a candidate modulator under conditions
permitting binding between said polypeptide and target, and

{b) measuring the binding between the polypeptide and target of step (a), wherein a decrease
in binding in the presence of said candidate modulator, relative to the binding in the absence
of said candidate modulator identified, said candidate modulator as an agent that modulates

Tumor Necrosis Factor alpha-mediated disorders.



15

20

25

30

CA 2962819 2017-03-30

- 188 -

Another embodiment of the present invention is a method of identifying an agent that
meodulates the binding of Tumor Necrosis Factor alpha to its receptor through the binding of
an anti-TNF-alpha polypeptide as described above to Tumor Necrosis Factor-alpha
comprising:

(a) contacting an anti-TNF-alpha polypeptide as described above with a target that is Tumor
Necrosis Factor-alpha, in the presence and absence of a candidate modulator under conditions
permitting binding between said polypeptide and target, and

(b) measuring the binding between the polypeptide and target of step (a), wherein a decrease
in binding in the presence of said candidate modulator, relative to the binding in the absence
of said candidate modulator identified said candidate modulator as an agent that modulates
the binding of Tumor Necrosis Factor-alpha to its receptor.

Another embodiment of the present invention is a kit for screening for agents that
modulate Tumor Necrosis Factor-alpha-mediated disorders comprising an anti-TNF-alpha
polypeptide as described above and Tumor Necrosis Factor-alpha.

Another embodiment of the present invention is an unknown agent that modulates the
binding of an anti-TNF-alpha polypeptide as described above to Tumor Necrosis Factor-
alpha, identified according to the method as described above.

Another embodiment of the present invention is-an unknown agent that modulates
Tumor Necrosis Factor-alpha-mediated disorders, identified according to the methods as

described above.

Another embodiment of the present invention is an unknown agent as described above
wherein said disorders are one or more of inflammation, rheumatoid arthritis, Crohn's
diseasc, ulcerative colitis, inflammatory bowel syndrome and multiple sclerosis.

Another embodiment of the present invention is an anti-TNF-alpha polypeptide as
described above, or a nucleic acid as described above, or a composition as described above,
or an agent as described above for freating and/or preventing and/or alleviating disorders
relating to inflammatory processes.

Another embodiment of the present invention is a use of an anti-TNF-alpha
polypeptide as described above or a nucleic acid as described above, or a composition as
described above, or an agent as described above for the preparation of a medicament for
treating and/or preventing and/or alleviating disorders relating to inflammatory reactions.

- Another embodiment of the present invention is an anti-TNF-alpha polypeptide as

described above or a composition as described above, for treating and/or preventing and/or
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alleviating disorders susceptible to modulation by a Nanobody or polypeptide of the
invention which is able pass through the gastric environment without the substance being
inactivated.

Another embodiment of the present invention is an use of an anti-TNF-alpha
polypeptide as described above or a composition as described above, for the preparation of a
medicament for treating, preventing and/or alleviating the symptoms of disorders susceptible
to modulation by a Nanobody or polypeptide of the invention which is able pass through the
gastric environment without the substance being inactivated.

Another embodiment of the present invention is an anti-TNF-alpha polypeptide as
described above or a composition as described above, for treating and/or preventing and/or
alleviating disorders susceptible to modulation by a Nanobody or polypeptide of the
invention delivered to the vaginal and/or rectal tract.

Another embodiment of the present invention is a use of an anti-TNF-alpha
polypeptide as described above ora composition as described abeve, for the preparation of a
medicament for treating, preventing and/or alleviating the symptoms of disorders susceptible
to modulation by a Nanobody or polypeptide of the invention delivered to the vaginal and/or
rectal tract.

-Anether embodiment of the present invention is an anti-TNF-alpha polypeptide as.
described above or a composition as described above, for treating and/or preventing and/or
alleviating disorders susceptible to modulation by a Nancbody or polypeptide of the
invention delivered to the nose, upper respiratory tract and/or lung.

Another embodiment of the present invention is a use of an anti-TNF-alpha
polypeptide as described above or a composition as described above, for the preparation of a
medicament for treating, preventing and/or alleviating the symptoms of disorders susceptible
to modulation by a Nanobody or polypeptide of the invention delivered to the nose, upper
respiratory tract and/or lung.

Amnother embodiment of the present invention is an anti-TNF-alpha polypeptide as
described above or a composition as described above, for treating and/or preventing and/or
alleviating disorders susceptible to modulation by a Nanobody or polypeptide of the
invention delivered to the intestinal mucosa, wherein said disorder increases the permeability
of the intestinal mucosa.

Another embodiment of the present invention is a usc of an anti-TNF-alpha

polypeptide as described above or a composition as described above, for the preparation of a
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medicament for treating, preventing and/or alleviating the symptoms of disorders susceptible
to modulation by a Nanobody or polypeptide of the invention delivered to the intestinal
mucosa, wherein said disorder increases the permeability of the intestinal mucosa.

Another embodiment of the present invention is an anti-TNF-alpha polypeptide as
described above or a composition as described above, for treating and/or preventing and/or
alleviating disorders susceptible to modulation by a Nanobody or polypeptide of the
invention which is able pass through the tissues beneath the tongue effectively.

Another embodiment of the present invention is a use of an anti-TNF-alpha
polypeptide as described above or a composition as described above, for the preparation of a
medicament for treating, preventing and/or alleviating the symptoms of disorders susceptible
to modulation by a Nanobody or polypeptide of the invention which is able pass through the
tissues beneath the tongue effectively.

Another embodiment of the present invention is an anti-TNF-alpha polypeptide as
described above or a composition as described above, for treating and/or preventing and/or
alleviating disorders susceptible to modulation by a Nanobody or polypeptide of the
invention which is able pass through the skin effectively.

Another embodiment of the present invention is a use of an anti-TNF-alpha

-polypeptide as described above ora composition.as described above, for the preparation of a

medicament for treating, preventing and/or alleviating the symptoms of disorders susceptible
to modulation by a Nanobody or polypeptide of the invention which is able pass through the
skin effectively.

Another embodiment of the present invention is a method as described above, a kit as
described above, a nucleic acid or agent as described above, use of a nucleic acid or agent as
described above, a composition as described above, use of a composition as described above,
an anti-TNF-alpha polypeptide as described above, use of an anti-TNF-alpha polypeptide as
described above wherein said disorders are any of inflammation, rheumatoid arthritis, COPD,
asthma, Crohu's disease, ulcerative colitis, inflammatory bowel syndrome, multiple sclerosis,
Addison’s disease, Autoimmune hepatitis, Autoimmune parotitis, Diabetes Type I,
Epididymitis, Glomerulonephritis, Graves' disease, Guillain-Barre syndrome, Hashimoto's
discase, Hemolytic anemia, Systemic lupus erythematosus, Male infertility, Multiple
sclerosis, Myasthenia Gravis, Pemphigus, Psoriasis, Rheumatic fever, Rheumatoid arthritis,
Sarcoidosis, Scleroderma, Sjogren's syndrome, Spondyloarthropathies, Thyroiditis, and

Vasculitis,
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Another embodiment of the present invention is a composition comprising a nucleic
acid or agent as described above, an anti-TNF-alpha polypeptide as described above, or a
composition as described above, and a suitable pharmaceutical vehicle.

Another embodiment of the present invention is a method of diagnosing a disorder
characterised by the dysfunction of Tumor Necrosis Factor-alpha comprising:
(a) contacting a sample with an anti-TNF-alpha polypeptide as described above,
(b) detecting binding of said polypeptide to said sample, and
(c) comparing the binding detected in step (b) with a standard, wherein a difference in
binding relative to said sample is diagnostic of a disorder characterised by dysfunction of
Tumor Necrosis Factor-alpha.

Another embodiment of the present invention is a kit for screening for a disorder as
cited above, using a method as described above.

Another embodiment of the present invention is a kit for screening for a disorder as
cited above comprising an isolated anti-TNF-alpha polypeptide as described above.

Another embodiment of the present invention is a use of an anti-TNF-alpha
polypeptide as described above for the purification of said Tumor Necrosis Factor-alpha.

Another embodiment of the present invention is a use of an anti-TNF-alpha

- polypeptide as described above for inhibiting the interaction between Tumor Necrosis Eactor-

alpha and one or more Tumor Necrosis Factor-alpha receptors.

Another embodiment of the present invention is a method for producing an anti-TNF-
alpha polypeptide as described above comprising the steps of:
(a) obtaining double stranded DNA encoding a Camelidae Vi directed to Tumor Necrosis
Factor alpha,
(b) cloning and expressing the DNA selected in step (b).

Another embodiment of the present invention is a method of producing an anti-TNF-
alpha polypeptide as described above comprising:
(a) culturing host cells comprising nucleic acid capable of encoding an anti-TNF-alpha

polypeptide as described above, under conditions allowing the expression of the polypeptide,

and,
(b) recovering the produced polypeptide from the culture.

Another embodiment of the present invention is a method as described above,

wherein said host cells are bactenal or yeast.
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Another embodiment of the present invention is a kit for screening for any of
inflammation, rheumatoid arthritis, Crohn's disease, ulcerative colitis, inflammatory bowel
syndrome or multiple sclerosis comprising an anti-TNF:-alpha polypeptide as described
above.

Vyus, according to the present invention, and as known to the skilled addressee are
heavy chain variable domains derived from immunoglobulins naturally devoid of light chains
such as those derived from Camelidae as described in WO 94/04678 (and referred to
hereinafter as Vay domains or nanobodies). Vyy molecules are about 10x smaller than IgG
molecules. They are single polypeptides and very stable, resisting extreme pH and
temperature conditioné. Moreover, they are resistant to the action of proteases which is not
the case for conventional antibodies. Furthermore, in vitro expression of Vyus produces high
yield, properly folded functional Vuus. In addition, antibodies generated in Camelids wall
recognize epitopes other than those recognised by antibodies generated in vitro through the
use of antibody libraries or via immunisation of mammals other than Camelids (WO
9749805). As such, anti-TNF-alpha Vyy’s may interact more efficiently with TNF-alpha than
conventional antibodies, thereby blocking its interaction with the TNF-alpha rcceptor more
efficiently.

TNF-alpha is also a fragment of TNF-alpha, capable of cliciting an immune response.
TNF-alpha is also a fragment of TNF-alpha, capable of binding to a nanobody raised against
the full length TNF-alpha.

A nanobody directed against TNF-alpha means nanobody that it is capable of binding
to TNF-alpha with an affinity of better than 10 M.

One embodiment of the present invention is an anti-TNF polypeptide, wherein the
nanobodies comp.risc Camelidae Vyy directed against TNF-alpha.

The one or more nanobodics of the anti-TNF polypeptide which are directed against a
TNF-alpha may be of the same sequence. Alternatively they may not all have the same
sequence. It is within the scope of the invention that an anti-TNF polypeptide comprises anti-
TNF-alpha nanobodies which do not all share the same sequence, but which are directed
against the same target, one or more antigens thereof.

The present invention further relates to an anti-TNF-alpha polypeptide, wherein said
nanobody is a Vi directed against TNF-alpha, wherein the Vyy belongs to a class having
human-like sequences. The class is characterised in that the Vyys carry an amino acid from

the group consisting of glycine, alanine, valine, leucine, isoleucine, proline, phenylalanine,
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tyrosine, tryptophan, methionine, serine, threonine, asparagine, or glutamine at position 45,
such as, for example, L45 and a tryptophan at position 103, according to the Kabat
numbering. Another human-like class of Camelidae nanobodies have been described in
WO003035694 and contain the hydrophobic FR2 residues typically found in conventional
antibodics of buman origin or from other species, but compensating this loss in hydrophilicity
by the charged arginine residue on position 103 that substitutes the conserved tryptophan
residue present in VH from double-chain antibodies. As such, peptides belonging to these
two classes show a high amino acid sequence homology to human VH framework regions
and said peptides might be administered to a human directly without expectation of an
unwanted immune response therefrom, and without the burden of further humanisation. The
invention also relates to nucleic acids capable of encoding said polypeptides.

Any of the Vyus as used by the invention may be of the traditional class or of the
classes of human-like Camelidac antibodies. Said antibodies may be directed against whole
TNF-alpha or a fragment thereof, or a fragment of a homologous sequence thereof. Thesc
polypeptides include the full length Camelidac antibodies, namely Fc and Vi domains,
chimeric versions of heavy chain Camelidae antibodics with a human Fc domain or Vigy’s by
themselves or derived fragments.

Anti-serum albumin Vyp’s may interact in a more efficient way with.serum albumin
than conventional antibodies which is known to be a carrier protein. As a carrier protein some
of the epitopes of serum albumin may be inaccessible by bound proteins, peptides and small
chemical compounds. Since Vyy’s are known to bind into ‘unusual’ or non-conventional
epitopes such as cavities (WO 97/49805), the affinity of such Vuy's to circulating albumin
may be increased.

The present invention also relates to the finding that an anti-TNF polypeptide as
described herein further comprising one or more nanobodies directed against one or more
serum proteins of a subject, surprisingly has significantly prolonged halflife in the
circulation of said subject compared with the half-life of the anti- TNF-alpha nanobody when
not part of said construct. Furthermore, the said polypeptides were found to exhibit the same
favourable properties of nanobodies such as high stability remaining intact in mice, extreme
pH resistance, high temperature stability and high target affinity.

The serum protein may be any suitable protewn found in the serum of subject. In one
aspect of the invention, the serum protein is serum albumin, serum immunoglobulins,

thyroxine-binding protein, transfernn, or fibrinogen. Depending on the intended use such as
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the required half-life for effective treatment and/or compartimentalisation of the target
antigen, the Vyy-partner can be directed to one of the above scrum proteins.

According (o a specific, but non-limiting aspect of the invention, the Nanobody against
human serum atbumin consists of 4 framework regions (FR1 to FR4 respectively) and 3
complementarity determining regions (CDR1 to CDR3 respectively), in which: V

(iv) ~ CDR1 is an amino acid sequence chosen from the group consisting of:

SFGMS [SEQ ID NO: 36]
LNLMG [SEQ ID NO: 37]
INLLG [SEQ ID NO: 38]
NYWMY:; [SEQ ID NO: 39]

and/or from the group consisting of amino acid sequences that have 2 or only |

“amino acid difference(s)” (as defined herein) with one of the above amino acid

sequences, n which:

(1) any amino acid substitution is preferably a conservative amino acid substitution
(as defined herein); and/or

(2) said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to the above amino acid
sequences;

and in which:

v) CDR2 is an amino acid sequence chosen from the group consisting of:
SISGSGSDTLYADSVKG [SEQ ID NO: 40]
TITVGDSTNYADSVKG [SEQID NO: 41]
TITVGDSTSYADSVKG [SEQ ID NO: 42]
SINGRGDDTRYADSVKG [SEQID NO: 43]
AISADSSTKNYADSVKG [SEQ ID NO: 44]
AISADSSDKRYADSVKG [SEQ ID NO: 45]
RISTGGGYSYYADSVKG {SEQ ID NO: 46]

or from 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 one of the above amino acid
sequences; in which

(1) any amino acid substitution is preferably a conservative amino acid substitution

(as defined herein); and/or
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said amino acid sequence preferably only contains amino acid substitutions, and

no amino acid deletions or insertions, compared to the above amino acid

sequences;

and/or from the group consisting of amino acid sequences that have 3, 2 or only |

“amino acid difference(s)” (as defined herein) with one of the above amino acid

sequences, in which:

ey

@

any amino acid substitution is preferably a conservative amino acid substitution
(as defined herein); and/or

said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to the above amino acid

sequences;

and in which:

(vi)  CDR3 is an amino acid sequence chosen from the group consisting of:

DREAQVDTLDFDY [SEQ ID NO: 47]

or from 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 onc of the above amino acid

sequences; in which

(M

2

any amino acid substitution is preferably a conservative amino aci(i substitution
(as defined herein); and/or

said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to the above amino acid

sequences;

and/or from the group consisting of amino acid sequences that have 3, 2 or only 1

“amino acid difference(s)” (as defined herein) with one of the above amino acid

sequences, in which:

(H

(2)

any amino acid substitution is preferably a conservative amino acid substitution
(as defined herein); and/or
said amino acid sequence preferably only contains amino acid substitutions, and

no amino acid deletions or insertions, compared to the above amino acid

sequences,

or from the group consisting of:

GGSLSR [SEQ ID NO: 48]
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RRTWHSEL [SEQ ID NO: 49]
GRSVSRS [SEQ ID NO: 50]
GRGSP [SEQ ID NO: 51]

and/or from the group consisting of amino acid sequences that have 3, 2 or only |

“amino acid difference(s)” (as defined herein) with one of the above amino acid

sequences, in which:

(1) any amino acid substitution is preferably a conservative amino acid substitution
(as defined herein); and/or

(2) said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to the above amino acid

sequencces.

In another aspect, the invention relates to a Nanobody against human serum albumin,

which consist of 4 framework regions (FR1 to FR4 respectively) and 3 complementarity

determining regions (CDR1 to CDR3 respectively), which is chosen from the group

consisting of domain antibodies and/or single domain antibodies with the one of the

following combinations of CDR1, CDR2 and CDR3, respectively:

CDRI1: SFGMS; CDR2: SISGSGSDTLYADSVKG; CDR3: GGSLSR;

CRI: LNLMG;»CDRl: TITVGDSTNYADSVKG; CDR3: RRTWHSEL;

CDRI1: INLLG; CDR2: TITVGDSTSYADSVKG; CDR3: RRTWHSEL;

CDRI1: SFGMS; CDR2: SINGRGDDTRYADSVKG; CDR3: GRSVSRS;

CDR1: SFGMS; CDR2: AISADSSDKRYADSVKG; CDR3: GRGSP;

CDR1: SFGMS; CDR2: AISADSSDKRYADSVKG; CDR3: GRGSP;

CDRI1: NYWMY; CDR2: RISTGGGYSYYADSVKG; CDR3:
DREAQVDTLDFDY.

In the Nanobodies of the invention that comprise the combinations of CDR’s

mentioned above, each CDR can be replaced by a CDR chosen from 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

(1) any amino acid substitution is preferably a conservative amino acid substitution

(as defined herein); and/or
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(2)  said amino acid sequence preferably only contains amino acid substitutions, and
no amino acid deletions or insertions, compared to the above amino acid
sequences;

and/or chosen from the group consisting of amino acid sequences that have 3, 2 or only | (as
indicated in the preceding paragraph) “amino acid differcnce(s)y” (as defined herein) with the
mentioned CDR(s) one of the above amino acid sequences, in which:

(1) any amino acid substitution is preferably a conservative amino acid substitution
(as defined herein); and/or

(2) said amino acid sequence preferably anly contains amino acid substitutions, and
no amino acid deletions or insertions, compared to the above amino acid
sequences.

However, of the Nanobodies of the invention that comprise the combinations of
CDR’s mentioned above, Nanobodies comprising one or more of the CDR’s listed above are
particularly preferred; Nanobodies comprising two or more of the CDR’s listed above are
more particularly preferred; and Nanobodies comprising three of the CDR’s listed above are
most particularly preferred.

In these Nanobodies against human serum albumin, the Framework regions FR1 to
FR4 are preferably as defined hereinabove for the Nanobodies of the invention.

Particularly preferred Nanobodies against human serum albumin are chosen from the
group consisting of SEQ ID NO’s: 61 to 67, SEQ ID NO’s 87 to 89 and SEQ ID NO’s 100-
104. The preferred combinations of CDR’s and framework regions present in these

Nanobodies are also listed in Table IT
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Another aspect of the invention is an anti-TNF-alpha polypeptide as disclosed herein further
comprising at least one polypeptide selected from the group consisting of an anti-{fFN-gamma
polypeptide, an anti-TNF-alpha receptor polypeptide and anti-IFN-gamma  receptor
polypeptide.

According to one aspect of the invention, a nanobody is directed against TNF-alpha
receptor. Said nanobody may be a Camelidae Vy.

According to one aspect of the invention, a nanobody is directed against IFN-ganma
receptor. Said nanobody may be a Camelidae V.

Another aspect of the invention is a method of treating an autoimmune disease or
condition as cited herein, comprising administering to a patient an cffective amount of an
anti-TNF-alpha polypeptide further comprising a least one polypeptide selected from the
group consisting of anti-IFN-gamma polypeptide, anti-TNF-alpha receptor polypeptide and
anti-]IFN-gamma receptor polypeptide, such polypeptides joined to each other as described
below.

Such multi-specific constructs may have improved potency as inflammatory
therapeutic compound over mono-specific constructs.

One aspect of the invention is 'a composition comprising an anti-TNF-alpha
polypeptide as disclosed herein and-at least one polypeptide selected from the group
consisting of anti-IFN-gamma polypeptide, anti-TNF-alpha receptor polypeptide and anti-
IFN-gamma receptor polypeptide, for simultaneous, separate or sequential administration to a
subject.

One aspect of the invention is a method for treating autoimmune disease comprising
administering to an individual an effective amount of an anti-TNF-alpha polypeptide and a
least one polypeptide selected from the group consisting of anti-IFN-gamma polypeptide,
anti-TNF-alpha  receptor polypeptide and anti-IFN-gamma receptor polypeptide,
simultaneously, separately or sequentially.

Another aspect of the invention is a kit containing an anti-TNF-alpha polypeptide and
a least one polypeptide selected from the group consisting of anti-IFN-gamma polypeptide,
anti-TNF-alpha receptor polypeptide and anti-IFN-gamma receptor polypeptide for
simultaneous, separate or scquential administration to a subject. It is an aspect of the
invention that the kit may be used according to the invention. [t is an aspect of the invention

that the kit may be used to treat the diseases as cited herein.
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By simultaneous administration means the polypeptides are administered to a subject
at the same time. For example, as a mixture of the polypeptides or a composition comprising
said polypeptides. Examples include, but are not limited to a solution administered
intraveneously, a tablet, liquid, topical cream, etc., wherein each preparation comprises the
polypeptides of interest.

By separate administration means the polypeptides are administered to a subject at the
same time or substantially the same time. The polypeptides are present in the kit as separate,
unmixed preparations. For example, the different polypeptides may be present in the kit as
individual tablets. The tablets may be administered to the subject by swallowing both tablets
at the same time, or one tablet directly following the other.

By sequential administration means the polypeptides are administered to a subject
sequentially. The polypeptides are present in the kit as separate, unmixed preparations. There
15 a time interval between doses. For example, one polypeptide might be administered up to
336,312, 288, 264, 240, 216, 192, 168, 144, 120, 96, 72, 48, 24, 20, 16,12,8,4,2,1,0r0.5
hours after the other component.

In sequential administration, one polypeptide may be administered once, or any

number of times and in various doses. before and/or after administration “of another

. polypeptide. Sequential administration may be combined with simultaneous or sequential

administration.
The medical uses of the anti-TNF-alpha polypeptide described below, also apply to

the composition comprising an anti-TNF-alpha polypeptide as disclosed herein and at least
one polypeptide selected from the group consisting of anti-IFN-gamma polypeptide, anti-
TNF-alpha receptor polypeptide and anti-IFN-gamma receptor polypeptide, for simultaneous,
scparate or sequential administration to a subject as disclosed here above.

According to one aspect of the invention, an anti-IFN-gamma polypeptide anti-TNF-
alpha a nanobody directed against IFN-gamma. Said nanobody may be a Camelidae Vyy.

According to one aspect of the invention, anti-TNF-alpha a nanobody dirccted against
TNF-alpha receptor. Said nanobody may be a Camelidae Vyy.

According to one aspect of the invention, an anti-IFN-gamma receptor polypeptide

anti-TNF-alpha a nanobody directed against IFN-gamma receptor. Said nanobody may be a

. Camelidae Vun-

Another embodiment of the present invention is an anti-TNF-alpha polypeptide as

disclosed herein, wherein the number of nanobodies directed against TNF-alpha is two or
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more. Such multivalent anti-TNF-alpha polypeptides have the advantage of unusually high
functional affinity for the target, displaying much higher than expected inhibitory properties
compared to their monovalent counterparts.

The multivalent anti-TNF-alpha polypeptides have functional affinities that are
several orders of magnitude higher than the monovalent parent anti-TNF-alpha polypeptides.
The inventors have found that the functional affinities of these multivalent pelypeptides are
much higher than those reported in the prior art for bivalent and multivalent antibodies.
Surprisingly, anti-TNF-alpha polypeptides of the present invention linked to each other
direcdy or via a short linker sequence show the high functional affinities expected
theoretically with multivalent conventional four-chain antibodies.

The inventors have found that such large increased functional activities can be
detected preferably with antigens composed of multidomain and multimeric proteins, either
in straight binding assays or in functional assays, e.g. CYtotoxicity assays.

The nanobodies may be joined to form any of the polypeptides disclosed herein

comprising more than one nanobody using methods known in the art or any future method.

For example, they may be fused by chemical cross-linking by reacting amino acid residues

with an organic derivatising agent such as described by Blattler et al, Biochemistry 24,1517-
1524; EP294703. Alternatively, the nanobody-may be fused genetically at the DNA level ie.
a polynucleotide construct formed which encodes the complete polypeptide construct
comprising one or more dnti-target nanocbodies and one or more anti-serum protein
nanobodies. A method for producing bivalent or multivalent Vyy polypeptide constructs is
disclosed in PCT patent application WO 96/34103. One way of joining multiple nanobodies
1s via the genetic route by linking nanobody coding sequences either directly or via a peptide
linker. For example, the C-terminal end of the first nanobody may be linked to the N-terminal
end of the next nanobody. This linking mode can be extended in order to link additional
nanobodies for the construction and production of tri-, tetra-, etc. functional constructs.
According to one aspect of the present invention, the nancbodics are linked to each
other directly, without use of a linker. Contrary to joining bulky conventional antibodies
where a linker sequence is needed to retain binding activity in the two subunits, polypeptides
of the invention can be linked directly thereby avoiding potential problems of the linker
sequence, such as antigenicity when administered to a human subject, instability of the linker

sequence leading to dissociation of the subunits.
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According to another aspect of the present invention, the nanobodies are linked to
each other via a peptide linker sequence. Such linker sequence may be a naturally occurring
sequence or a non-naturally occurring sequence. The linker sequence is expected to be non-
immunogenic in the subject to which the anti-TNF-alpha polypeptide is administered. The
linker sequence may provide sufficient flexibility to the multivalent anti-TNF-alpha
polypeptide, at the samc time being resistant to proteolytic degradation. A non-limiting
example of a linker sequences is one that can be derived from the hinge region of Vyys
described in WO 96/34103.

According to another aspect of the invention, multivalent nanobodies comprising
more than two nanobodies can be linked to each other either directly or via a linker sequence.
Such constructs are difficult to produce with conventional antibodies and due to steric
hindrance of the bulky subunits, functionality will be lost or greatly diminished rather than
increased considerably as seen with Vyy's of the invention compared to the monovalent

construct.

The polypeptide constructs disclosed herein may be made by the skilled artisan

_ according to methods known in the art or any future method. For example, Vyys may be

obtained using methods known in the art such as by immunising a camel and obtaining

.hybridomas therefrom, or by cloning a library of nanobodies using molecular. biology

techniques known in the art and subsequent selection by using phage display.

According to an aspect of the invention an anti-TNF-alpha polypeptide may be a
homologous sequence of a full-length anti-TNF-alpha polypeptide. According to another
aspect of the invention, an anti-TNF-alpha polypeptide may be a functional portion of a full-
length anti-TNF-alpha polypeptide. According to another aspect of the invention, an anti-
TNF-alpha polypeptide may be a homologous ##quence of a full-length anti-TNF-alpha
polypeptide. According to another aspect of the invention, an anti-TNF-alpha polypeptide
may be a functional portion of a homologous sequence of a full-length anti-TNF-alpha
polypeptide. According to an aspect of the invention an anti-TNF-alpha polypeptide may
comprise a sequence of an anti-TNF —élpha polypeptide.

According to an aspect of the invention a nanobody used to form an anti-TNF-alpha
polypeptide may be a complete nanobody (e.g. 2 Viuy) or @ homologous sequence thereof.
According to another aspect of the invention, a nanobody used to form the polypeptide
construct may be a functional portion of a complete nanobody. According to another aspect

of the invention, a nanobody used to form the polypeptide construct may be a homologous
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sequence of a complete nanobody. According to another aspect of the invention, a nanobody
used to form the polypeptide construct may be a functional portion of a homologous sequence
of'a complete nanobody.

As used herein, an homologous sequence of the present invention may comprise
additions, deletions or substitutions of one or morc amino acids, which do not substantially
alter the functional characteristics of the polypeptides of the invention. The number of amino
acid deletions or substitutions is preferablyupto 1,2, 3,4, 5,6,7, 8,9, 10, 11,12, 13, 14, 15,
16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,29, 30, 31, 32,33, 34, 35, 36,37, 38, 39, 40,
41,42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65,
66, 67, 68, 69 or 70 amino acids. '

A homologous sequence according to the present invention may a polypeptide
modified by the addition, deletion or substitution of amino acids, said modification not
substaatially altering the functional characteristics compared with the unmodified
polypeptide.

A homologous sequence according to the present invention may be a polypeptide
modified by the addition, deletion or substitution of amino acids, said modification not
substantially altering the functional characteristics compared with the unmodified
polypeptide,

A homologous sequence according to the present invention may be a sequence which
exists in other Camelidae species such as, for example, camel, dromedary, llama, alpaca,
guanaco eftc.

Where homologous sequence indicates sequence identity, it means a sequence which
presents a high sequence identity (more than 70%, 75%, 80%, 85%, 90%, 95% or 98%
sequence identily) with the parent sequence and is preferably characterised by similar
properties of the parent sequence, namely affinity, said identity calculated using known
methods.

Alternatively, an homologous sequence may also be any amino acid sequence
resulting from allowed substitutions at any number of positions of the parent sequence
according to the formula below:

Ser substituted by Ser, Thr, Gly, and Asn;

Arg substituted by one of Arg, His, Gln, Lys, and Glu:
Leu substituted by onc of Leu, Ile, Phe, Tyr, Met, and Val;
Pro substituted by one of Pro, Gly, Ala, and Thr:
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Thr substituted by one of Thr, Pro, Ser, Ala, Gly, His, and Gln;
Ala substituted by one of Ala, Gly, Thr, and Pro;

Val substituted by one of Val, Met, Tyr, Phe, li¢, and Leu;

Gly substituted by one of Gly, Ala, Thr, Pro, and Ser;

lle substituted by one of lle, Met, Tyr, Phe, Val, and Leu;

Phe substituted by one of Phe, Trp, Met, Tyr, lle, Val, and Leu;
Tyr substituted by one of Tyr, Trp, Met, Phe, lle, Val, and Leu,
His substituted by one of His, Glu, Lys, Gln, Thr, and Arg;

Gln substituted by one of Gln, Glu, Lys, Asn, His, Thr, and Arg;
Asn substituted by one of Asn, Glu, Asp, Gln, and Ser;

Lys substituted by one of Lys, Glu, Gln, His, and Arg;

Asp substituted by one of Asp, Glu, and Asn;

Glu substituted by one of Glu, Asp, Lys, Asn, Gln, His, and Arg;
Met substituted by one of Met, Phe, lle, Val, Leu, and Tyr.

A homologous nucleotide sequence according to the present invention may refer to
nucleotide sequences of more than 50, 100, 200, 300, 400, 500, 600, 800 or 1000 nucleotides
able to hybridize to the reverse-complement of the nucleotide sequence ucapable of encoding
the patent sequence, under stringent hybridisation conditions (such as the.ones described by
Sambrook et al,, Molecular Cloning, Laboratory Manuel, Cold Spring, Harbor Labomtéry
press, New York).

As used herein, a functional portion refers to a sequence of a nanobody that is of
sufficient size such that the interaction of interest is maintained with affinity of 1 x 10° M or
better. ‘

Alternatively, a functional portion comprises a partial deletion of the complete amino
acid sequence and still maintains the binding site(s) and protein domain(s) necessary for the
binding of and interaction with the target.

As used herein, a functional portion refers to lIess than 100% of the complete sequence
(e.g., 99%, 90%, 80%, 70%, 60% 50%, 40%, 30%, 20%, 10%, 5%, 1% etc.), but comprises 5
or more amino acids or 15 or more nucleotides.

Targets as mentioned herein such as TNF-alpha, TNF-alpha receptor, serum protetns
(e.g. serum albumin, serum immunoglobulins, thyroxine-binding protein, transferrin,
fibrinogen) and [FN-gamma, IFN-gamma receptor may be fragments of said targets. Thus a

target is also a fragment of said target, capable of eliciting an immune response. A target is
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also a fragment of said target, capable of binding to a nanobody raised against the full length
target.

A fragment as used herein refers to less than 100% of the sequence (e.g., 99%, 90%,
80%, 70%, 60%, 50%, 40%, 30%, 20%, 10% etc.), but comprising 5, 6, 7, 8,9, 10, 12, 13,
14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 or more amino acids. A fragment is of sufficient
length such that the interaction of interest is maintained with affinity of 1 x 10°* M or better.

A fragment as used herein also refers to optional insertions, deletions and
substitutions of one or more amino acids which do not substantially alter the ability of the
target to bind to a nanobody raised against the wild-type target. The number of amino acid
insertions deletions or substitutions is preferablyup to 1, 2, 3, 4, 5, 6, 7, 8,9,10, 11, 12, 13,
14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,31, 32, 33, 34, 35, 36, 37, 38,
39,40, 41,42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,56, 57, 58, 59, 60, 61, 62, 63,
64, 65, 66, 67, 68, 69 or 70 amino acids.

A homologous sequence of the present invention may include an anti-TNF-alpha
polypeptide which has been humanised. The humanisation of antibodies of the new class of
Vius would further reduce the possibility of unwanted immunological reaction in a human
individual upon administration.

One embodiment of the present invention relates to a method for preparing modified
polypeptides based upon llama antibodies by determining the amino acid residues of the

antibody variable domain (Vi) which may be modified without diminishing the native

. affinity of the domain for antigen and while reducing its immunogenicity with respect to a

heterologous specics; the use of Vyys having modifications at the identificd residues which
are useful for administration to heterologous species; and to the Vyy so modified.

Morec specifically, the invention relates to the preparation of modified Vyys, which are
modified for administration to humans, the resulting Vyy themselves, and the use of such
"humanized" Vyys in the treatment of diseases in humans. By humanised is meant mutated so
that immunogenicity upon administration in human patients is minor or nonexistent.
Humanising a polypeptide, according to the present invention, comprises a step of replacing
one or more of the Camelidae amino acids by their human counterpart as found in the human
consensus sequence, without that polypeptide losing its typical character, ie. the
humanisation does not significantly affect the antigen binding capacity of the resulting

polypeptide. Such methods are known by the skilled addressee.
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Humanization of Camelidae nanobodies requires the introduction and mutagenesis of
a limited amount of amino acids in a single polypeptide chain. This is in contrast to
humanization of scFv, Fab, (Fab)2 and IgG, which requires the introduction of amino acid
changes in two chains, the light and the heavy chain and the preservation of the assembly of
both chains.

As described in WO 04/041862, an anti-TNF nancbody can be humanized.
Humanization may for example involve mutagenesis of residues in FR1 at position 1 and 5
which were introduced by the primer used for repertoire cloning and do not occur naturally in
the llama sequence. Mutagenesis of those residues did not result in loss of binding and/or
inhibition activity. Humanization may also involve mutagenesis of residues in FR3 at
position 74, 76, 83, 84, 93. Mutagenesis of those residues did not result n a dramatic loss of
binding and/or inhibition activity. Combining the mutations of FR1 and FR3 therefore did not
affect the binding and/or inhibition activity. Humanization may also mnvolve mutagenesis of
residues in FR4 at position 108. Mutagenesis of Q108L resulted in lower production level in
Escherichia coli. Position 108 15 solvent exposed in camelid Vyy, while in human antibodies
this position is buried at the VH-VL interface (Spinelli, 1996; Nieba, 1997). In isolated VHs
position 108 is solvent exposed. The introduction of a non—polaf hydrophobic Leu instead of
polar uncharged Gln can have a drastic effect--on the intrinsic folding/stability of the
molecule. Also, replacement of the hydrophilic residues by human hydrophobic residues at
positions 44 and 45 (E44G and R45L), did not have an effect on binding and/or inhibition.
However, loss of binding and/or inhibition activity wés observed when F37V and F47W were
introduced. Modeling data confirmed the critical residue 37 to preserve the integrity of the
CDR3 loop conformation and hence on activity (all numbering according to the Kabat ).

According to one embodiment of the present invention, humanization involves
replacing of any of the following residues either alone or in combination:

- FR1 position 1, 5, 28 and 30,
- the hallmark amino acid at position 44 and 45 in FR2,
- FR3 residues 74, 75, 76, 83, 84, 93 and 94 ,
- and positions 103, 104, 108 and 111 in FR4
- numbering according to the Kabat numbering.
One embodiment of the present invention is an anti-TNF-alpha polypeptide, or a
nucleic acid capable of encoding said polypeptide for use in treating, preventing and/or

alleviating the symptoms of disorders relating to inflammatory processes. TNF-alpha is
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involved in inflammatory processes, and the blocking of TNF-alpha action can have an anti-
inflammatory effect, which is highly desirable in certain disease states such as, for example,
Crohn’s disease. The Examples demonstrate Vyys according to the invention which bind
TNF-alpha and moreover, block its binding to the TNF-alpha receptor.

The anti-TNF-alpha polypeptides of the present invention are applicable to autoimmune
diseases, such as Addison’s disease (adrenal), Autoimmune diseases of the ear (ear),
Autoimmune diseases of the eye (eye), Autoimmune hepatitis (liver), Autoimmune parotitis
(parotid glands), Crohn's disease (intestine), Diabetes Type I (pancreas), Epididymitis
(epididymis), Glomerulonephritis (kidneys), Graves' disease (thyroid), Guillain-Barre
syndrome (nerve cells), Hashimoto's disease (thyroid), Hemolytic anemia (red blood cells),
Systemic lupus erythematosus (multiple tissues), Male infertility (sperm), Multiple sclerosis
(nerve cells), Myasthenia Gravis (neuromuscular junction), Pemphigus (primarily skin),
Psoriasis (skin), Rheumatic fever (heart and joints), Rheumatoid arthritis (joint lining),
Sarcoidosis (multiple tissues and organs), Scleroderma (skin and connective tissues),
Sjogren's syndrome (exocrine glands, and other tissues), Spondyloarthropathies (axial
skeleton, and other tissues), Thyroiditis (thyroid), Vasculitis (blood vessels).

Within pareﬁthesis is the tissue affected by the disease. This listing of autoimmune diseases is
intended to bé exemplary rather than inclusive.

Autoimmune conditions for which the anti-TNF-alpha polypeptides of the present
nvention is applicable include, for example, AIDS, atopic allergy, bronchial asthma, eczema,
leprosy, schizophrenia, inherited depression, transplantation of tissues and organs, chronic
fatigue syndrome, Alzheimer's disease, Parkinson's discase, myocardial infarction, stroke,
autism, epilepsy, Arthus's phenomenon, anaphylaxis, and alcohol and drug addiction. In the
above-identified autoimmune conditions, the tissue affected is the primary target, in other
cases it is the secondary target. These conditions are partly or mostly autoimmune
syndromes. Therefore, in treating them, it is possible to use the same methods, or aspects of

the same methods that are herein disclosed, sometimes in combination with other methods.
Another embodiment of the present invention is a use of an anti-TNF-alpha
polypeptide according to the invention, or a nucleic acid capable of encoding said
polypeptide for the preparation of a medicament for treating a disorder relating  to
inflammatory processes. Examples of disorders include rheumatoid arthritis, Crohn’s disease,

ulcerative colitis, inflammatory bowel syndrome and multiple sclerosis.
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Polypeptides and nucleic acids according to the present invention may be
administered to a subject by conventional routes, such as intravenously. However, a special
property of the anti-TNF-alpha polypeptides of the invention is that they penetrate barriers
such as tissue membranes and/or tumours and act locally thereon, and they are sufficiently
stable to withstand extreme environments such as in the stomach. Therefore, another aspect
of the present invention relates to the delivery of anti-TNF-alpha polypeptides.

When the Nanobodics and/or polypeptides of the invention are used for, or are
mntended for use in, the prevention or treatment of diseases and disorders of the gastro-
intestinal tract, in particular by means of oral administration or other administration into the
gastrointestinal tract, it will usually not be necessary to use polypeptides of the invention that
have increased half-life in serum (i.e. that have been pegylated or that contain a Nanobody
directed against a serum protein). Thus, for such indications, polypeptides of the invention
can be uscd that only contain Nanobodies of the invention. In particular, it has been found
that for oral administration for the prevention and treatment of diseases or disorders of the
gastro-intestinal tract associated with and/or mediated by TNF-alpha (such as IBD and the
other diseases and disorders of the gastro-intestinal tract mentioned above), the use of a
monovalent Nanobody of the invention or of a polypeptide of the invention that essentially
consists of a monovalent Nanobody of the-invention may-be preferred. For other indications,
such as the treatment of rheumatoid arthritis (RA), the use of a bivalent Nanobody of the
invention may be preferred. When such a Nanobody has to rcach its intended site of action
via the blood stream, the use of a polypeptide of the invention that has increased half-life in
serum may be preferred.

A subject according to the invention can be any mamunal susceptible to treatment by
therapeutic polypeptides.

Oral delivery of anti-TNF-alpha polypeptides of the invention results in the provision
of such molecules in an active form in the colon at local sites that are affected by the
disorder. These sites may be highly inflamed and contain ‘TNF-alpha-producing cells. The
anti-TNF-alpha polypeptides of the invention which bind to TNF-alpha can neutralise the
TNF-alpha locally, avoiding distribution throughout the whole body and thus limiting
negative side-effects. Genetically modified microorganisms such as Micrococeus lactis are
able to secrete antibody or functional portions thereof. Such modified microorganisms can Le

used as vehicles for local production and delivery of antibodics or functional portions thereof



15

20

25

30

CA 2962819 2017-03-30

-209 -

in the intestine. By using a strain which produces an anti-TNF-alpha polypeptide,
inflammatory bowel syndrome could be treated.

Another aspect of the invention involves delivering anti-TNF polypeptides by using
surface expression on or secretion from non-invasive bacteria, such as Gram-positive host
organisms like Lactococcus spec. using a vector such as described in WO00/23471.

One embodiment of the present invention is an anti-TNF-alpha polypeptide as
disclosed herein for use in treating, preventing and/or alleviating the symptoms of disorders
susceptible to modulation by a Nanobody or polypeptide of the invention which is able pass
through the gastric environment without the substance being inactivated.

Examples of disorders are any that cause inflammation, including, but not limited to
rheumatoid arthritis, Crohn's discase, ulcerative colitis, inflammatory bowel syndrome, and
multiple sclerosis. As known by persons skilled in the art, once in possession of said
polypeptide construct, formulation technology may be applied to release a maximum amount
of polypeptide in the right location (in the stomach, in the colon, etc.). This method of
delivery is important for treating, prevent and/or alleviate the symptoms of disorders whose

targets are located in the gut system.

An aspect of the invention is a method for treating, preventing and/or alleviating the '

symptoms -of a disorder susceptible to modulation by a Nanobody or polypeptide of the
invention which is able pass through the gastric environment without being inactivated, by
orally administering to a subject an anti-TNF-alpha polypeptide as disclosed herein.

Another embodiment of the present invention is a use of an aniti-TNF-alpha
polypeptide as disclosed herein for the preparation of a medicament for treating, preventing
and/or alleviating the symptoms of disorders susceptible to modulation by a Nanobody or
polypeptide of the invention which is able pass through the gastric environment without
being inactivated.

An aspect of the invention is a method for delivering a Nanobody or polypeptide of
the invention to the gut system without said substance being Inactivated, by orally
administering to a subject an anti-TNF-alpha polypeptide as disclosed herein.

An aspect of the invention is a method for delivering a Nanobody or polypeptide of
the invention to the bloodstream of a subject without the substance being inactivated, by
orally administering to a subject an anti-TNF-alpha polypeptide as disclosed herein.

Another embodiment of the present invention is an anti-TNF-alpha polypeptide as

disclosed herein for use in treating, preventing and/or alleviating the symptoms or disorders
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susceptible to modulation by a Nanobody or polypeptide of the invention delivered to the
vaginal and/or recial tract.

Examples of disorders are any that cause inflammation, including, but not limited to
rheumatoid arthritis, Crohn's disease, ulcerative colitis, inflammatory bowel syndrome, and
multiple sclerosis. In a non-limiting example, a formulation according to the invention
comprises an anti-TNF-alpha polypeptide as disclosed herein, in the form of a gel, cream,
suppository, film, or in the form of a sponge or as a vaginal ring that slowly releases the
active ingredient over time (such formulations are described in EP 707473, EP 684814, US
5629001).

An aspect of the invention is a methed for treating, preventing and/or alleviating the
symptoms of disorders susceptible to modulation by a Nanobody or polypeptide of the
invention delivered to the vaginal and/or rectal tract, by vaginally and/or rectally
administering to a subject an anti-TNF-alpha polypeptide as disclosed herein.

Another embodiment of the present invention is a use of an anti-TNF-alpha
polypeptide as disclosed herein for the preparation of a medicament for treating, preventing
and/or alleviating the symptoms of disorders susceptible to modulation by a Nanobody or
polypeptide of the invention delivered to the vaginal and/or rectal tract.

An aspect of the invention-is a method for delivering a Nanobody or polypeptide of
the invention to the vaginal and/or rectal tract without being said substance being inactivated,
by administering to the vaginal and/or rectal tract of a subject an anti-TNF-alpha polypeptide
as disclosed herein.

An aspect of the invention is a method for delivering a Nanobody or polypeptide of
the invention to the bloodstream of a-subject without said substance being inactivated, by
administering to the vaginal and/or rectal tract of a subject an anti-TNF-alpha polypeptide as
disclosed herein.

Another embodiment of the present invention is an anti-TNF-alpha polypeptide as
disclosed herein, for use in treating, preventing and/or alleviating the symptoms of disorders
susceptible to modulation by a Nanobody or polypeptide of the invention delivered to the
nose, upper respiratory tract and/or tung.

Examples of disorders are any that cause inflammation, including, but not limited to
rheumatoid arthritis, Crohn's disease, ulcerative colitis, inflammatory bowel syndrome, and
multiple sclerosis. In a non-limiting example, a formulation according to the invention,

comprises an anti-TNF-alpha polypeptide as disclosed herein in the form of a nasal spray
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(e.g. an aerosol) or inhaler. Since the polypeptide construct is small, it can reach its target
much more effectively than therapeutic 1gG molécules.

An aspect of the invention is a method for treating, preventing and/or alleviating the
symptoms of disorders susceptible to modulation by a Nanobody or polypeptide of the
invention delivered to the upper respiratory tract and lung, by administering to a subject an
anti-TNF-alpha polypeptide as disclosed herein, by inhalation through the mouth or nose.

Another embodiment of the present invention is a use of an anti-TNF-alpha
polypeptide as disclosed herein for the preparation of a medicament for treating, preventing
and/or alleviating the symptoms of disorders susceptible to modulation by a Nanobody or
polypeptide of the invention delivered to the nose, upper respiratory tract and/or lung,
without said polypeptide being inactivated.

An aspect of the invention is a method for delivering a Nanobody or polypeptide of
the invention fo the nose, upper respiratory tract and lung without inactivation, by
administering to the nose, upper respiratory tract and/or lung of a subject an anti-TNF-alpha
polypeptide as disclosed herein.

An aspect of the invention 1s a method for delivering a Nanobody or polypeptide of
the invention to the bloodstream of a subject without inactivation by administering to the
nose; upper respiratory tract and/or- lung of a subject an anti-TNF-alpha polypeptide as
disclosed herein. l

One embodiment of the present invention is an anti-TNF-alpha polypeptide as
disclosed herein for use in treating, preventing and/or alleviating the symptoms of disorders
susceptible to modulation by a Nanobody or polypeptide of the invention delivered to the
intestinal mucosa, wherein said disorder increases the permeability of the intestinal mucosa.
Because of their small size, an anti-TNF-alpha polypeptide as disclosed herein can pass
through the intestinal mucosa and reach the bloodstream more efficiently in subjects suffering
from disorders which cause an increase in the permeability of the intestinal mucosa, for
example Crohn's disease.

An aspect of the invention is a method for treating, preventing and/or alleviating the
symptoms of disorders susceptible to modulation by a Nanobody or polypeptide of the
invention delivered to the intestinal mucosa, wherein said disorder increases the permeability

of the intestinal mucosa, by orally administering to a subject an anti-TNF-alpha polypeptide

as disclosed herein.
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This process can be even further enhanced by an additional aspect of the present
invention - the use of active transport carriers. In this aspect of the wnvention, Vyy is fused to
a carrier that enhances the transfer through the intestinal wall into the bloodstream. In a non-
limiting example, this “carrier” is a second Vi which is fused to the therapeutic V. Such
fusion constructs are madc using methods known in the art. The “carrier” Vuu binds
specifically to a receptor on the intestinal wall which induces an active transfer through the
wall.

Another embodiment of the present invention is a use of an anti-TNF-alpha
polypeptide as disclosed herein for the preparation of a medicament for treating, preventing
and/or alleviating the symptoms of disorders susceptible to modulation by a Nanobody or
polypeptide of the invention delivered to the intestinal mucosa, wherein said disorder
increases the permeability of the intestinal mucosa.

An aspect of the invention is a method for delivering a Nanobody or polypeptide of
the invention to the intestinal mucosa without being inactivated, by administering orally to a
subject an anti-TNF-alpha polypeptide of the invention.

An aspect of the invention is a method for delivering a Nanobody or polypeptide of
the invention to the bloodstream of a subject without being inactivated, by administering
orally to a subject an anti-TNF-alpha polypeptide of the invention.

This process can be even further enhanced by an additional aspect of the present
invention - the use of active transport carriers. In this aspect of the invention, an anti-TNF-
alpha polypeptide as described herein is fused to a carrier that enhances the transfer through
the intestinal wall into the bloodstream. In a pon-limiting example, this “carrier” is a Vuu
which is fused to said polypeptide. Such fusion constructs made using methods known in the
art. The “carrier” Vi, binds specifically to a receptor on the intestinal wall which induces an
active transfer through the wall.

One embodiment of the present invention is an anti-TNF-alpha polypeptide as
disclosed herein for use in treating, preventing and/or alleviating the symptoms of disorders
susceptible to modulation by a Nanobody or polypeptide of the invention which is able pass
through the tissues beneath the tongue effectively.

Examples of disorders are any that cause inflammation, including, but not limited to
rheumatoid arthsitis, Crohn's disease, ulcerative colitis, inflammatory bowel syndrome, and

multiple sclerosis. A formulation of said polypeptide construct as disclosed hercin, for
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example, a tablet, spray, drop is placed under the tongue and adsorbed through the mucus
membranes into the capillary network under the tongue.

An aspect of the invention is a method for treating, preventing and/or alleviating the
symptoms of disorders susceptibie to modulation by a Nanobody or polypeptide of the
invention which 1s able pass through the tissues beneath the tongue effectively, by
sublingually administering to a subject an anti-TNF-alpha polypeptide as disclosed herein.

Another embodiment of the present invention is a use of an anti-TNF-alpha
polypeptide as disclosed herein for the preparation of a medicament for treating, preventing
and/or alleviating the symptoms of disorders susceptible to modulation by a Nanobody or
polypeptide of the invention which is able to pass through the tissues beneath the tongue.

An aspect of the invention is a method for delivering a Nanobody or polypeptide of
the invention to the tissues beneath the tongue without being inactivated, by administering
sublingually to a subject an anti-TNF-alpha polypeptide as disclosed herein.

An aspect of the invention is a method for delivering a Nanobody or polypeptide of
the invention to the bloodstream of a subject without being inactivated, by administering
orally to a subject an anti-TNF-alpha polypeptide as disclosed herein.

One embodiment of the present invention is an anti-TNF-alpha polypeptide as
disclosed herein for use in treating, preventing and/or alleviating the'syinptoms of disorders
susceptible to modulation by a Nanobody or polypeptide of the invention which is able pass
through the skin effectively.

Examples of disorders are any that cause inflammation, including, but not limited to
rheumatoid arthritis, Crohn's disease, ulcerative colitis, inflammatory bowel syndrome, and
multiple sclerosis. A formulation of said polypeptide construct, for example, a cream, film,
spray, drop, patch, is placed on the skin and passes through.

An aspect of the invention is a method for treating, preventing and/or alleviating the
symptoms of disorders susceptible to modulation by a Nanobody or polypeptide of the
invention which is able pass through the skin effectively, by topically administering to a
subject an anti-TNF-alpha polypeptide as disclosed herein.

Another embodiment of the present invention is a use of an anti-TNF-alpha
polypeptide as disclosed herein for the preparation of a medicament for treating, preventing
and/or alleviating the symptoms of disorders susceptible to modulation by a Nanobody or

polypeptide of the invention which is able pass through the skin effectively.
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An aspect of the invention is a method for delivering a Nanobody or polypeptide of
the invention to the skin without being inactivated, by administering topically to a subject an
anti-TNF-alpha polypeptide as disclosed herein.

An aspect of the invention is a method for delivering a Nanobody or polypeptide of
the invention to the bloodstream of a subject, by administering topically to a subject an anti-
TNF-alpha polypeptide as disclosed herein.

In another embodiment of the present invention, an anti-TNF-alpha polypeptide
further comprises a carrier nanobody (e.g. Vyu) which acts as an active transport carrier for
transport said anti-TNF-alpha polypeptide, from the lung lumen to the blood.

An anti-TNF-alpha polypeptide further comprising a carrier binds specifically to a
receptor present on the mucosal surface (bronchial epithelial cells) resulting in the active
transport of the polypeptide from the lung lumen to the blood. The carrier nanobody may be
fused to the polypeptide construct. Such fusion constructs may be made using methods
known in the art and are describe herein. The “carrier” nanobody binds specifically to a
receptor on the mucosal surface which induces an active transfer through the surface.

Another aspect of the present invention is a method to determine which nanobodies
(e.g. Vuus) are actively transported into the bloodstream upon nasal administration. Similarly,
a naive or immunc Vyy phage-library can be administered nasally, and after different time
points after administration, blood or orgaﬁs can be isolated to rescue phages that have been
actively transported to the bloodstream. A von-limiting cxample of a receptor for active
transport from the lung lumen to the bloodstream is the Fc receptor N (FcRn). One aspect of
the invention includes the Vyy molecules identified by the method. Such Vi can then be
used as a carrier Viyy for the delivery of a therapeutic Vg to the corresponding target in the
bloodstream upon nasal administration.

In one aspect of the invention, one can use an anti-TNF-alpha polypeptide as
disclosed herein, in order to screen for agents that modulate the binding of the polypeptide to
TNF-alpha. When identified in an assay that measures binding or said polypeptide
displacement alone, agents will have to be subjected to functional testing to determine
whether they would modulate the action of the antigen in vivo.

In an example of a displacement experiment, phage or cells expressing TNF-alpha or
a fragment thereof are incubated in binding buffer with polypeptide of the invention which
has been labeled, in the presence or absence of increasing concentrations of a candidate

modulator.  To validate and calibrate the assay, control competition reactions using
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increasing concentrations of said polypeptide and which is unlabeled, can be performed.
After incubation, cells are washed extensively, and bound, labeled polypeptide is measured as
appropriate for the given label (e.g., scintillation counting, fluorescence, etc.). A decrease of
at least 10% in the amount of labeled polypeptide bound in the presence of candidate
modulator indicates displacement of binding by the candidate modulator. Candidate
modulators are considered to bind specifically in this or other assays described herein if they
displace 50% of labeled polypeptide (sub-saturating polypeptide dose) at a concentration of 1
M or less.

Alternatively, binding or displacement of binding can be monitored by surface
plasmon resonance (SPR). Surface plasmon resonance assays can be used as a quantitative
method to measure binding between two molecules by the change in mass near an
immobilized sensor caused by the binding or loss of binding of the polypeptide of the
invention from the aqueous phase to TNF-alpha immobilized in a membrane on the sensor.
This change in mass is measured as resonance units versus time after injection or removal of
the said polypeptide or candidatc modulator and is measured using a Biacorc Biosensor

(Biacore AB). TNF-alpha can be for example immobilized on a sensor chip (for example,

~ rescarch grade CM5 chip; Biacore AB) in a thin filmdipid membrane accoraing to methods

described by Salamon et al. (Salamon et al., 1996, Biophys J. 71: 283-294; Salamon et al.,
2001, Biophys. J. 80: 1557-1567; Salamon et al., 1999, Trends Biochem. Sci. 24: 213-219).
Sarrio et al. demonstrated that SPR can be used to detect ligand binding to the GPCR A(1)
adenosine receptor immobilized in a lipid layer on the chip (Sarrio et al., 2000, Mol. Cell.
Biol. 20: 5164-5174). Conditions for the binding of a polypeptide of the invention to TNF-
alpha in an SPR assay can be fine-tuned by one of skill in the art using the conditions
repofted by Sarrio et al‘. as a starting point.

SPR can assay for modulators of binding in at least two ways. First, a polypeptide of
the invention can be pre-bound to immobilized TNF-alpha followed by injection of
candidate modulator at a concentration ranging from 0.1 nM to | pM. Displacement of the
bound polypeptide can be quantitated, permitting detection of modulator binding.
Alternatively, the membrane-bound TNF-alpha can be pre-incubated with a candidate
modulator and challenged with the polypeptide of the invention. A difference in binding
affinity between said polypeptide and TNF-alpha pre-incubated with the modulator,
compared with that between said polypeptide and TNF-alpha in absence of the modulator

will demonstrate binding or displacement of said polypeptide in the presence of modulator
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will demonstrate binding or displacement of said polypeptide in the presence of modulator.
In cither assay, a decrease of 10% or more in the amount of said polypeptide bound in the
presence of candidate modulator, relative to the amount of said polypeptide bound in the
absence of candidate modulator indicates that the candidate modulator inhibits the interaction
of TNF-alpha and said polypeptide.

Another method of detecting inhibition of binding of, for example, a
polypeptide of the invention, to TNF-alpha uses fluorescence resonance energy transfer
(FRET). FRET is a quantum mechanical phenomenon that occurs between a fluorescence
donor (D) and a fluorescence acceptor (A) in close proximity to each other (usually < 100 A
of separation) if the emission spectrum of D overlaps with the excitation spectrum of A. The
molecules to be tested, ¢.g. a polypeptide polypeptide of the invention and a TNF-alpha are
labelled with a complementary pair of donor and acceptor fluorophores. While bound closcly
together by the TNF-alpha: polypeptide interaction, the fluorescence emitted upon excitation
of the donor fluorophore will have a different wavelength from that emitted in response to
that excitation wavelength when the said polypeptide and TNF-alpha are not bound,
providing for quantitation of bound versus unbound molecules by measurement of emission
intensity at each wavelength. Donor fluorophores with which to label the TNF-alpha are well
known in the art. Of particular interest are variants of the A. Victoria GFP known as Cyan FP
(CFP, Donor (D)) and Yellow FP (YTP, Acceptor (A)). As an example, the YFP variant can
be made as a fusion protein with TNF-alpha. Vectors for the expression of GFP variants as
fusions (Clontech) as well as fluorophore-labeled reagents (Molecular Probes) are known in
the art. The addition of a candidate modulator to the mixture of fluorescently-labelled
polypeptide and YFP-TNF-alpha will result in an inhibition of energy transfer evidenced by,
for example, a decrease in YFP fluorescence rélative fo a sample without the candidate
modulator. In an assay using FRET for the detection of TNF-alpha: polypeptide interaction, a
10% or greater decrease in the intensity of fluorescent emission at the acceptor wavelength in
samples containing a candidate modulator, relative to samples without the candidate
modulator, indicates that the candidate modulator inhibits the TNF-alpha:polypeptide
interaction.

A sample as used herein may be any biological sample containing TNF-alpha such as
clinical (e.g. cell fractions, whole blood, plasma, serum, tissue, cells, etc.), derived from

clinical, agricultural, forensic, research, or other possible samples. The clinical samples may
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be from human or animal origin. The sample analysed can be both solid or liquid in nature. It
is evident when solid materials are used, these are first dissolved in a suitable solution.

A variation on FRET uses fluorescence quenching to monitor molecular interactions.
One molecule in the interacting pair can be labelled with a fluorophore, and the other with a
molecule that quenches the fluorescence of the fluorophore when brought into close
apposition with it. A change in fluorescence upon excitation is indicative of a change in the
association of the molecules tagged with the fluorophore:quencher pair. Generally, an
increase in fluorescence of the labelled TNF-a‘lpha is indicative that anti-TNF-alpha
polypeptide bearing the quencher has been displaced. For quenching assays, a 10% or greater
increase in the intensity of fluorescent emission in samples containing a candidate modulator,
relative to samples without the candidate modulator, indicates that the candidate modulator
inhibits TNF-alpha: anti-TNF-alpha polypeptide interaction.

In addition to the surface plasmon resonance and FRET methods, fluorescence
polarization measurement is useful to quantitate binding. The fluorescence polarization value
for a fluorescently-tagged molecule depends on the rotational correlation time or tumbling
rate, Complexes, such as those formed by TNF-alpha associéting with a fluorescently labelled
anti-TNF-alpha polypeptide, have higher polarization valugs than uncomplexed, labelled
polypeptide. The inclusion of a candidate inhibitor of the TNF-alpha:anti-TNF-alpha
polypeptide interaction results in a decrease in fluorescence polarization, relative to a mixture
without the candidate inhibitor, if the candidate inhibitor disrupts or inhibits the interaction of
TNF-alpha with said polypeptide. Fluorescence polarization is well suited for the
identification of small molecules that disrupt the formation of TNF-alpha:anti-TNF-alpha
polypeptide complexes. A decrease of 10% or more in fluorescence polarization in samples
containing a candidate modulator, relative to fluorescence polarization in a sample lacking
the candidate modulator, indicates that the candidate modulator inhibits the TNE-alpha : anti-
TNF-alpha polypeptide interaction.

Another alternative for monitoring TNF-alpha : anti-TNF-alpha polypeptide
interactions uses a biosensor assay. ICS biosensors have been described in the art (Australian
Membrane Biotechnology Research Institute; Cornell B, Braach-Maksvytis V, King L,
Osman P, Raguse B, Wieczorek L, and Pace R. "A biosensor that uses ion-channel switches"
Nature 1997, 387, 580). In this technology, the association of TNF-alpha and a anti-TNF-
alpha polypeptide is coupled to the closing of gramacidin-facilitated ion channels in suspended

membrane bilayers and thus to a measurable change in the admittance (similar to
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impedence) of the biosensor. This approach is linear over six orders of magnitude of
admittance change and is ideally suited for large scale, high throughput screening of small
molecule combinatorial libraries. A 10% or greater change (increasc or decrease) in
admittance in a sample containing a candidate modulator, relative to the admittance of a
sample lacking the candidate modulator, indicates that the candidate modulator inhibits the
interaction of TNF-alpha and said polypeptide. It is important to note that in assays testing
the interaction of TNF-alpha with an anti-TNF-alpha polypeptide, it is possible that a
modulator of the interaction need not necessarily interact directly with the domdin(s) of the
proteins that physically interact with said polypeptide. It is also possible that a modulator
will interact at a location removed from the site of interaction and cause, for example, a
conformational change in the TNF-alpha. Modulators (inhibitors or agonists) that act in this
manner are nonetheless of interest as agents to modulate the binding of TNF-alpha to its
receptor.

Any of the binding assays described can be used to determine the presence of an agent
in a sample, e.g., a tissue sample, that binds to TNF-alpha , or that affects the binding of, for
example; a polypeptide polypeptide of the invention to the TNF-alpha. To do so a TNF-alpha
is reacted with said polypeptide in the presence or absence of the sample, and polypeptide
binding is measured as appropriate for the binding assay being ﬁsed. A decrease of 10% or
more in the binding of said polypeptide indicates that the sample contains an agent that
modulates the binding of said polypeptide to the TNF-alpha. Of course, the above-
generalized method might easily be applied to screening for candidate modulators which alter
the binding between any anti-TNF-alpha polypeptide of the invention, an homologous
sequence thereof, a functional portion thereof or a functional portion of an homologous
sequence thereof, and TNF-alpha or a fragment thereof,

One embodiment of the present invention is an unknown agent identified by the
method disclosed herein.

Onc embodiment of the present invention is an unknown agent identified by the
method disclosed herein for usc in treating, preventing and/or alleviating the symptoms of
disorders relating to inflammatory processcs.

Another embodiment of the present invention is a use of an unknown agent identified
by the method disclosed herein for use in treating, preventing and/or alleviating the

symptoms of disorders relating to inflammatory processes.
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Examples of disorders include rheumatoid arthritis, Crohn’s disease, ulcerative colitis,
inflammatory bowel syndrome and multiple sclerosis.

A cell that is useful according to the invention is preferably selected from the group
consisting of bacterial cells such as, for example, E. coli, yeast cells such as, for example, S.
cerevisiae, P. pastoris, insect cells or mammal cells.

A cell that is useful according to the invention can be any cell into which a nucleic
acid sequence encoding a polypeptide comprising an anti-TNF-alpha of the invention, an
homologous sequence thereof, a functional portion thereof or a functional portion of an
homologous sequence thereof according to the invention can be introduced such that the
polypeptide is expressed at natural levels or above natural levels, as defined herein.
Preferably a polypeptide of the invention that is expressed in a cell exhibits normal or near
normal pharmacology, as defined herein.

According to a preferred embodiment of the present invention, a cell is selected from
the group consisting of COS7-cells, a CHO cell, a LM (TK-) cell, a NIH-3T3 cell, HEK-293
cell, K-562 cell or a 1321N1 astrocytoma cell but also other transfectable cell lines.

In general, “therapeutically effective amount”, “therapeutically effective dose” and
“effective amount” means the amount needed to achieve the desired result or results
(modulating TNF-alpha binding; treating or preventiag inflammation). One of ordinary skill
in the art will recognize that the potency and, therefore, an “effective amount” can vary for
the various compounds that medulate TNF-alpha binding used in the invention. One skilled
in the art can readily assess the potency of the compound.

As used herein, the term "compound” refers to an anti-TNF-alpha polypeptide of the
present invention, a composition, or a nucleic acid capable of encoding said polypeptide or an
agent identified according to the screening method described herein or said polypeptide
comprising one or more derivatised amino acids.

By “pharmaceutically acceptable” is meant a material that is not biologically or
otherwise undesirable, i.e., the material may be administered to an individual along with the
compound without causing any undesirable biological effects or interacting in a deleterious
manner with any of the other components of the pharmaceutical composition in which it is
contained.

Anti-TNF-alpha polypeptides as disclosed herein is useful for treating or preventing

conditions in a subject and comprises administering a pharmaceutically effective amount of a

compound or composition.
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Anti-TNF polypeptides of the present invention are useful for treating or preventing
conditions relating to rheumatoid arthritis, Crohn’s disease, ulcerative colitis, inflammatory
bowel syndrome and multiple sclerosis in a subject and comprises administering a
pharmaceutically effective amount of a compound or composition that binds TNF- -alpha.

Anti-TNF-alpha polypeptides as disclosed here in are useful for treating or preventing
conditions in a subject and comprises administering a pharmaceutical ly effective amount of a
compound combination with another, such as, for cxample, aspirin.

The anti-TNF-alpha polypeptides as disclosed here in are useful for treating or
preventing conditions relating to rheumatoid arthritis, Crohn’s disease, ulcerative colitis,
inflammatory bowel syndrome and multiple sclerosis in a subject and comprises
administering a pharmaceutically effective amount of a compound combination with another,
such as, for example, aspirin.

The present invention is not limited to the administration of formulations comprising
a single compound of the invention. It is within the scope of the invention to provide
combination treatments wherein a formulation is administered to a patient in need thereof that
¢omprises more than one compound of the invention.

Cenditions mediated by TNF- -alpha include, but are not limited rheumatoid artheitis,
Crohn s disease, ulcerative colitis, inflammatory bowel syndrome and multlple sclerosns

A compound useful in the present invention can be formulated as pharmaceutical
compositions and administered to a mammalian host, such as a human patient or a domestic
animal in a variety of forms adapted to the chosen route of administration, i.c., orally or
parenterally, by intranassally by inhalation, intravenous, intramuscular, topical or
subcutancous routes.

A compound of the present invention ‘can also be administered using gene therapy
methods of delivery. See, ¢.g., U.S. Patent No. 5,399,346. Using a gene therapy method of
delivery, primary cells transfected with the gene for the compound of the present invention
can additionally be transfected with tissue specific promoters to target specific organs, tissue,
grafts, tumors, or cells,

Thus, the present compound 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 active compound may be combined with one or more
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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 active compound. The percentage of the compositions and preparations may,
of course, be varied and may conveniently be between about 2 to about 60% of the weight of
a given unit dosage form. The amount of active compound 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 flavoring agent such as peppermint, oil of wintergreen, 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 elixir may contain the
active compound, sucrose or fructose as a sweetening agent, methyl and propylparabens as
preservatives, a dye and flavoring such as cherry or orange flavor. Of course, any material
used in preparing any unit dosage form should be pharmaceutically acceptable and
substantially non-toxic in the amounts employed. In addition, the active compound may be
incorporated into sustained-release preparations and devices.

The active compound may also be administered intravenously or intraperitoneally by
infusion or injection. Solutions of the active compound or its 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 coatain a prcscrvativé 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
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,
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ethanol, a polyol (for example, glycerol, propylene glycol, liquid polyethylene glycols, and
the like), vegetable oils, nontoxic glyceryl esters, and suitable mixtures thercof. 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 surfactants. 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 active compound in the
required amount in the appropriate solvent with various of the other ingredients enumerated
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 frecze drying techniques, which yield a powder of the active ingredient plus
any additional desired ingredient present in the previously sterile-filtered solutions.

For topical administration, the present compound may be applied in pure form, i.c.,
awhen 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-alcohoV/glycol blends, in which the present compound 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 to
impregnate baundages 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

carriers to form spreadable pastes, gels, ointments, soaps, and the like, for application directly

to the skin of the user.



20

25

30

CA 2962819 2017-03-30

-223 -

Examples of useful dermatological compositions which can be used to deliver the
compound to the skin arc 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).

Useful dosages of the compound can be determined by comparing their in vitro
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 compound(s) 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 compound, or an active salt or derivative thereof, required for use
in treatment will vary not only with the particular salt selected but also with the route of
administration, the nature of the condition being treated and the age and condition of the
patient and will be ultimately at the discretion of the attendant physician or clinician. Also the
dosage of the compound varies depending on the target cell, tumor, tissue, graft, or organ,

The desired dese 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, €.g., into a number of discrete looscly 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 routine experimentation given the teachings herein. See Remington’s
Pharmaceutical Sciences (Martin, EW ., ed. 4), Mack Publishing Co., Easton, PA. The dosage
can also be adjusted by the individual physician in the event of any complication.

The invention provides for an agent that is a modulator of TNF-alpha / TNF-alpha-
receptor interactions.

The candidate agent may be a synthetic agent, or a mixture of agents, or may be a

natural product (e.g. a plant extract or culture supernatant). A candidate agent according to
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the invention includes a small molecule that can be synthesized, a natural extract, peptides,
proteins, carbohydrates, lipids efc.

Candidate modulator agents from large libraries of synthetic or natura! agents can be
screened.  Numerous means are currently used for random and directed synthesis of
saccharide, peptide, and nucleic acid based agents. Synthetic agent libraries are
commercially available from a number of companies including Maybridge Chemical Co.
(Trevillet, Cornwall, UK), Comgenex (Princeton, NJ), Brandon Associates (Merrimack, NH),
and Microsource {(New Milford, CT). A rare chemical library is available from Aldrich
(Milwaukee, WI). Combinatorial libraries are available and can be prepared. Alternatively,
libraries of natural agents in the form of bacterial, fungal, plant and animal extracts are
available from e.g., Pan Laboratories (Bothell, WA) or MycoSearch (NC), or arc readily
producible by methods well known in the art. Additionally, natural and synthetically
produced libraries and agents are readily modified through conventional chemical, physical,
and biochemical means.

Useful agents may be found within numerous chemical classes. Useful agents may be
organic agents, or small organic agents. Small organic agents have a uwlecular weight of
more than 50 yet less than about 2,500 daltons, preferably less than about 750, more
preferably less than about 350 daltons. Exemplary classes include heterocycles, peptides,
saccharides, steroids, and the like. The agents may be modified to enhance efficacy, stability,
phanmaceutical compatibility, and the like. Structural identification of an agent may be used
to identify, generate, or screen additional agents. For example, where peptide agents are
identified, they may be modified in a variety of ways to enhance their stability, such as using
an unnatural amino acid, such as a D-amino acid, particularly D-alanine, by functionalizing
the amino or carboxylic terminus, e.g. for the amino group, acylation or alkylation, and for
the carboxyl group, esterification or amidification, or the like.

For primary screening, a useful concentration of a candidate agent according to the
invention is from about 10 mM to about 100 uM or more (ie. 1 mM, 10 mM, 100 mM, 1 M
etc.). The primary screening concentration will be used as an upper limit, along with nine
additional concentrations, wherein the additional concentrations are determined by reducing
the primary screening concentration at half-log intervals (e.g. for 9 more concentrations) for
secondary screens or for generating concentration curves,

A high throughput screening kit according to the invention comprises all the

necessary means and media for performing the detection of an agent that modulates TNF-
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alpha/TNF-alpha receptor interactions by interacting with TNF-alpha in the presence of a
polypeptide, preferably at a concentration in the range of [uM to 1 mM.

The kit comprises the following. Recombinant cells of the invention, comprising and
expressing the nucleotide sequence encoding TNF-alpha , which are grown according to the
kit on a solid support, such as a microtiter plate, more preferably a 96 well m}crotiter plate,
according to methods well known to the person skilled in the art especially as described in
WO 00/02045. Alternatively TNF-alpha is supplied in a purified form to be immobilized on,
for example, a 96 well microtiter plate by the person skilled in the art. Altematively TNF-
alpha is supplied in the kit pre-immobilized on, for cxample, a 96 well microtiter plate. The
TNF-alpha may be whole TNF-alpha or a fragment thereof.

Modulator agents according to the invention, at concentrations from about | uM to |
mM or more, are added to defined wells in the presence of an appropriate concentration of
anti-TNF-alpha polypeptide, an homologous sequence thereof, a functional portion thereof or
a functional portion of an homologous sequence thereof, said concentration of said
polypeptide preferably in the range of 1 uM to 1 mM. Kits may comntain cne or more anti-
TNF-alpha polypeptides of the invention.

Binding assays are performed as according to the methods already disclosed herein
and the results are compared -to the baseline level of, for example TNF-alpha binding to an
anti-TNF-alpha polypepnde an homologous sequence thereof, a functional portion thereof or
a functional portion of an homologous sequence thereof , but in the absence of added
modulator agent. Wells showing at least 2 fold, preferably 5 fold, more preferably 10 fold and
most preferably a 100 fold or more increase or decrease in TNF-alpha-polypeptide binding
(for example) as compared to the level of activity in the absence of modulator, are selected
for further analysis.

The invention provides for other kits useful for screening for modulators of TNF-
alpha/I'NF-alpha receptor binding, as well as kits useful for diagnosis of disorders
characterised by dysfunction of TNF-alpha. The invention also provides for kits useful for
screening for modulators of disorders as well as kits for their diagnosis, said disorders
characterised by one or more process involving TNF-alpha. Kits useful according to the
invention can include an isolated TNF-alpha . Altematively, or in addition, a kit can comprise
cells transformed to express TNF-alpha In a further embodiment, a kit according to the
invention can comprise a polynucleotide encoding TNF-alpha. In a still further embodiment,

a kit according to the invention may comprise the specific primers useful for amplification of
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TNF-alpha. Kits useful according to the invention can comprise an isolated TNF-alpha
polypeptide, a homologuc thercof, or a functional portion thereof. A kit according to the
invention can comprise cells transformed to express said polypeptide. Kits may contain more
than one polypeptide. In a further embodiment, a kit according to the invention can comprise
a polynucleotide encoding TNF-alpha . In a still further embodiment, a kit according to the
invention may comprise the specific primers useful for amplification of a macromolecule
such as, for example, TNF-alpha. All kits according to the invention will comprise the stated
items or combinations of items and packaging materials therefore. Kits will also include
instructions for use.

Furthermore, it will also be clear to the skilled person that it may be possible to
“graft” one or more of the CDR’s mentioned above for the Nanobodies of the invention onto
other “scaffolds”, including but not limited to human scaffolds or non-immunoglobulin
scaffolds. Suitable écaffolds and techniques for such CDR grafting will be clear to the skilled
person and are well known 1n 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,, Methods, 2004 Oct; 34(2):184-199; Kettleborough et al., Protein Eng.
1991 Oct; 4(7): 773-783; O’Bricn and Jones, Methods Mol. Biol. 2003: 207: 81-100; and
Skerra, J. Mol.'Recognii‘. 2000: 13: 167-187, and S;ereri; et-al; J. Moi: 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 Nanobodies of the invention and one or human framework regions or sequences.

Thus, in another embodiment, the invention comprisecs a chimeric polypeptide
comprising at least one CDR sequence chosen from the group consisting of CDR1 sequences,
CDR2 sequences and CDR3 sequences mentioned herein for the Nanobodies of the
invention. Preferably, such a chimeric polypeptide comprises at least one CDR sequence
chosen from the group consisting of the CDR3 sequences mentioned hercin for the
Nanobodies of the invention, and optionally also at least one CDR sequence chosen from the
group consisting of the CDR1 sequences and CDR2 sequences mentioned herein for the
Nanobodies of the invention. For example, such a chimeric polypeptide may comprise one
CDR sequence chosen from the group consisting of the CDR3 sequences mentioned herein
for the Nanobodies of the invention, one CDR sequence chosen from the group consisting of

the CDR1 sequences mentioned herein for the Nanobodies of the invention and one CDR
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sequence chosen from the group consisting of the CDR1 sequences and CDR2 sequences
mentioned herein for the Nanobodies of the invention. The combinations of CDR's that are
mentioned herein as being preferred for the Nanobodies of the invention will usually also be
preferred for these chimenc polypeptides. .

In said chimeric polypeptides, the CDR’s may be linked to further amino acid
sequences and/or may be linked to each other via amino acid sequences, in which
said amino acid sequences are preferably framework sequences or are amino acid sequences
that act as framework sequences, or together form a scaffold for presenting the CDR’s.
Reference 1s again made to the prior art mentioned in the last paragraph. According to one
preferred embodiment, the amino acid sequences are human framework sequences, for
example V3 framework sequences. However, non-human, synthetic, semi-synthetic or non-
immunoglobulin framework sequences may also be used. Preferably, the framcwork
sequences used are such that (1) the chimeric polypeptide is capable of binding xxxx, i.c.
with an affinity that is at least 1%, preferably at least 5%, more preferably at least 10%, such
as at Jeast 25% and up to 50% or 90% or more of the affinity of the corresponding Nanobody
of the invention; (2) the chimeric polypeptide is suitable for pharmaceutical use; and (3) the
chimeric polypeptide is preferably essentially non-immunogenic under the intended
conditions ‘for phammaceutical use (i.e. indication, mode of administration, dosis.and
treatment regimen) thereof (which may be essen_tially analogous to the conditions described
herein for the use of the Nanobodies of the invention).

According to one non-limiting embodiment, the chimeric polypeptide comprises at
least two CDR sequences (as mentioned above) linked via at least one framework sequence,
in which preferably at least one of the two CDR sequences is a CDR3 sequence, with the
other CDR sequence being a CDR1 or CDR2 sequence. According to a preferred, but non-
limiting embodiment, the chimeric polypeptide comprises at least two CDR sequences (as
mentioned above) linked at least two framework sequences, in which preferably at least one
of the three CDR sequences is a CDR3 sequence, with the other two CDR sequences being
CDRI or CDR2 sequences, and preferably being one CDRI1 sequence and one CDR2
sequence. According to one specifically preferred, but non-limiting embodiment, the
chimeric polypeptides have the structure FR1” - CDR1 - FR2’ - CDR2 - FR3’ - CDR3 - FR4’,
in which CDR1, CDR2 and CDR3 are as defined herein for the CDR’s of the Nanobodies of
the invention, and FR1’, FR2’, FR3’ and FR4’ are framework sequences. FR1’, FR2’, FR3’

and FR4’ may in particular be Framework 1, Framework 2, Framework 3 and Framework 4
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sequences, respectively, of a human antibody (such as Vg3 sequences) and/or parts or
fragments of such Framework sequences. It is also possible to use parts or fragments of a
chimeric polypeptide with the structure FR1” - CDR1 - FR2' - CDR2 - FR3* - CDR3 - FR4.
Preferably, such parts or fragments are such that they meet the criteria set out in the
preceding paragraph.

The invention also relates to proteins and polypeptides comprising and/or essentially
consisting of such chimeric polypeptides, to nucleic acids encoding such proteins or
polypeptides; to methods for preparing such proteins and polypeptides; to host cells
expressing or capable of expressing such proteins or polypeptides; to compositions, and in
particular to pharmaceutical compositions, that comprise such proteins or polypeptides,
nucleic acids or host cells; and to uses of such proteins or polypeptides, such nucleic acids,
such host cells and/or such compositions, in particular for prophylactic, therapcutic or
diagnostic purposes, such as the prophylactic, therapeutic or diagnostic purposes mentioned
herein. For example, such proteins, polypeptides, nucleic acids, methods, host cells,
compositions and uses may be analogous to the proteins, polypeptides, nucleic acids,
methods, host cells, compositions and use described herein for the Nanobodies of the
invention.

It should also be noted that, when the Nanobodies of the inventions contain one or
more other CDR sequences than the preferred CDR sequences mentioned above, these CDR
sequences can be any suitable (i.e. suitable for the purposes described herein) CDR sequences
and/or these CDR sequences can be obtained in any manner known per se, for example from
Nanobodies (preferred), Vi domains from conventional antibodics (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
TNF. Such immunoglobulin sequences directed against Xxxxx can be generated in any manner
known per se, as will be clear to the skilled person, i.e. by immunization with TNF or by
screening a suitable library of immunoglobulin sequences with TNF, or any suitable
combination thereof. Optionally, this may be followed 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, so-called SLLAM
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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 example Larrick et al, Biotechnology, Vol.7, 1989, p. 934). All these
techniques can be used to generate immunoglobulins against TNF, and the CDR’s of such
immunoglobulins can be used in the Nanobodies of the invention, i.c. as outlined above. For
example, the sequence of 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.

The invention will now be further described by means of the following non-limiting

examples and figures, in which the Figures show:

Monovalent TNFa nanobodies

Figure 1: Sequence alignment of human TNFa nanobodics

Figure 2: Se>quence alignment of serum albumin specific TNFo nanobodies
Figure 3: Binding of albumin specific TNFa nanobodies to human serum albumin
Figure 4: Binding of albumin specific TNFa nanobodies to rhesus serum albumin
Figure 5: Binding of albumin specific TNFa nanobodies to mouse serum albumin
Figure 6: Purity of TNFa and serum albumin nanobodies (SDS-PAGE)

Figure 7: Western Blot analysis of TNFa and serum albumin nanobodies

Figure 8: Binding of TNFo. nanobodies to human TNFa (ELISA)

Figure 9: Binding of TNFa nanobodies to rhesus TNFa (ELISA)

Figure 10: Receptor-inhibition assay on Enbrel for human TNFa

Figure 11: Receptor-inhibition assay on Enbrel for rhesus TNFa

Figure 12: Binding of TNFa nanobodies to human TNFa (Biacore)

Figure 13: Binding of TNFa nanobodies to rhesus TNFa (Biacore)

Figure 14: Binding of TNFa nanobodies to Protein A (Biacore)

Figure 15: Temperature treatment of TNFa and scrum albumin nanobodies (Western Blot)
Figure 16: Stability: temperature treatment of TNFa nanobodics (ELISA)

Figure 17: Temperature treatment of serum albumin nanobodics (Biacore)
Bivalent TNFg nanobodies

Figure 18: Purity of bivalent TNFa nanobodies (SDS-PAGE)




10

20

25

30

CA 2962819 2017-03-30

-230-

Figure 19: Western Blot analysis of bivalent TNFa nanobodies
Figure 20: Receptor-inhibition assay on Enbrel for bivalent TNFu nanobodies
Figure 21: Stability: temperature treatment of bivalent TNFa nanobodies (ELISA)

Humanised monovalent TNFa nanobodies

Figure 22: Multiple sequence alignment of TNF1 humanised nanobodies

Figure 23: Multiple sequence alignment of TNF2 humanised nanobodies

Figure 24: Multiple sequence alignment of TNF3 humanised nanobodies

Figure 25: Multiple sequence alignment of ALB1 humanised nanobodies

Figure 26: Purity of humanised TNFa and serum albumin nanobodies (SDS-PAGE)
Figure 27: Western Blot analysis of humanised TNFa and serum albumin nanobodies
Figure 28: Binding of humanised TNFa nanobodies to human TNFa

Figure 29: Binding of humaniscd serum albumin nanobodies to human serum albumin

Figure 30: Stability: temperature treatment of humanised TNFa nanobodies (ELISA)

Trivalent TNFa nanobodies

Figure 31: Purity of trivalent TNFa nanobodies (SDS-PAGE)
Figure 32: Western Blot analysis of trivalent TNFa nanobodies
Figure 33: Stability: temperature treatment of trivalent TNFa nanobodies (ELISA)

Humanised monovalent TNFa nanobodies (second round) -

Figure 34: Multiple sequence alignment of TNF1 humanised nanobedies

Figure 35: Multiple sequence alignment of TNF2 humanised nanobodies

Figure 36: Multiple sequence alignment of TNF3 humanised nanobodies

Figure 37: Multiple sequence alignment of ALB1 humanised nanobodies

Figurc 38: Purity of humanised TNFa nanobodies (SDS-PAGE)

Figure 39: Western Blot analysis of humanised TNFa nanobodies

Figure 40: Binding of humanised TNFa nanobodies to human TNFa

Figure 41: Stability: temperature treatment of humanised TNFa nanobodies (ELISA)

Figure 42: Analysis of purified TNF60 on Silver stained SDS-PAGE gel (A) Coomassie
stained SDS-PAGE gel (B) and in Western blot analysis using anti-NB (C) for detection
Figure 43: Chromatogram of analytical size exclusion of TNF60 on Superdex HR75

Figure 44: Binding of TNF60 to human TNF-alpha

Figure 45:Dose response curve obtained in cytotoxicity assay with human TNF-alpha using

Nanobody™ TNF60 in comparison with Enbrel (Etanercept), Humira (Adalimumab) and

Remicade (Infliximab)
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Figure 46: Dose response curve obtained in cytotoxicity assay with rhesus TNFa using
Nanobody™ TNF60 in comparison with Enbrel (Etanercept), Humira (Adalimumab) and
Remicade (Infliximab)

Figure 47: Pharmacokinetic profile of TNF60 in mice

Figure 48: Immunogenicity profile of TNF60 in mice

Figure 49: Analysis of purified TNF56-PEGA0, TNF56-PEG60, TNF56-biotine, TNF55-
PEG40, TNF55-PEG60 and TNF55-biotine on Coomassie stained SDS-PAGE gel

Figure 50: Analysis of purified TNF56-PEG40 on SDS-PAGE gel using Silver stain (A)
Coomassie stain (B) and in Western blot analysis using anti-NB (C) for detection

Figure 51: Chromatogram of analytical size exclusion of TNF56-PEG40 on Superdex HR 75
Figure 52: Chromatogram of analytical size exclusion of TNF56-PEG40 on Superdex HR
200

Figure 53: Dosc response curve obtained in cytotoxicity assay with human TNFa using
Nanobody™ TNF56-PEG40 and the monovalent wild-type Nanobody™ TNF1 in
comparison with Enbrel (Etanercept), Humira (Adalimumab) and Remicade (Infliximab)
Figure 54: Dose response curve obtained in cytotoxicity assay with rhesus TNFq using
Nanobody™ TNF56-PEG40 in comparison with Enbrel (Etanercept), Humira (Adalimumab)
and-Remicade (Infliximab) : - e
Figure 55: Pharmacokinetic analysis of pegylated bivalent Nanobody™ TNFéé-PEG4O and
TNF56-PEGGO0 after intravenous administration in mice

Figure 56: Pharmacokinetic analysis of pegylated bivalent Nanobedy™ 3E-3E-PEG20,
pegylated bivalent Nanobody™ 3E-3E-PEG40 and bispecific Nanobody™ 3E-3E-AR1 after
intravenous administration in mice

Figure 57: Immunogenicity profile of TNF56-PEG40 and TNFS56-PEG60 in mice

Figure 58: Efficacy of TNF60 in the prevention of chronic polyarthritis in mice

Figure 59: Efficacy of TNF60 in therapeutic treatment of chronic polyarthritis in mice

Figure 60: Effect of TNF60 Nanobody™ formatting on efficacy in the pre?ention of chronic
polyarthritis in mice

Figure 61: Sequence alignment of Nanobodies™ PMPIC?, 3E, 1A and 3G

Figure 62: Molecular model of TNE-60

The appended Tables form an integral part of the present specification and are as

follows:
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Monovalent TNFa nanobodies

Table 8: Sequence listing of TNFa nanobodics

Table 9: Koff values of human TNFa nanobodies

Table 10: Homology of TNFa and serum albumin nanobodies to human germline sequences
Table 11: Expression levels of TNFo and serum albumin nanobodies

Table 12: ELISA binding to human and rhesus TNFa

Table 13: Receptor-inhibition assay of TNFa nanobodies

Tablel4: Biacore analysis of TNFa nanobodies

Table 15: Binding of TNFa nanobodies to TNFa (Kp-values)

Table 16: Potency of TNFa nanobodies to neutralize human (a) and rhesus (b) TNFa
Table 17: OD280nm of TNFa and serum albumin nanobodies after temperature treatment
Table 18: Potency of TNFa nanobodies after temperature treatment

Bivalent TNFa nanobodies

Table 19: Sequence listing of bivalent TNFa nanobodies and linker sequences

Table 20: Bivalent TNFa nanobody constructs

Table 21: Expression levels of bivalent TNFa nanobodies

Table 22: Receptor-inhibition éssay of bivalent TNFa nanobodies

Table 23: Potency of TNFu nanobodies to-neutralize human (a) and rhesus (b) TNFa
Table 24: OD280nm of bivalent TNFa nanobodies

Humanised monovalent TNFa nanobodies

Table 25: Sequence listing of humanised monovalent TNFo and serum albumin nanobodies
Table 26: Expression levels of humanised TNFa and serum albumin nanobodies

Table 27: Potency of TNFa nanoboedies to neutralize human TNFa

Table 28: OD280nm of humanised TNFa and serum albumin nanobodies

Trivalent TNFa nanobodies

Table 29: Sequence listing of trivalent TNFu nanobodies

Table 30: Trivalent TNFo nanobody constructs

Table 31: Expression levels of trivalent TNFu nanobodies

Table 32: Potency of trivalent TNFa nanobodies to neutralize human TNFa
Table 33: Binding of trivalent nanobodies to serum albumin (Kp-values)
Table 34: OD280nm of trivalent TNFa nanobodies

Humanised monovalent TNFa nanobodies (second round)

Table 35: Sequence listing of second round humanised monovalent TNFu nanobodies
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Table 36: Expression levels of humanised TNFa nanobodies

Table 37: Potency of TNFa nanobodies to ncutralize human TNFa

Table 38: OD280nm of humanised TNFa nanobodies

Table 39: Comparing bio-activity of nanobodies

Further tables

Table 40: Overview of oligonucieotides used in formatting of trivalent Nanobodies™

Table 41: Overview of oligonucleotides used in cloning of trivalent Nanobodies™

Table 42: EC50 values obtained in cytotoxicity assay using trivalent Nanobody™ TNFG60 in
comparison with commercial controls (Enbrel, Remicade, Humira)

Table 43: Affinity determination of TNF60 and TNF24 on human serum albumin in Biacore.
Nd, not determined.

Table 44: Overview of oligonucleotides used in formatting of bivalent Nanobodies™

Table 45: EC50 values obtained in cytotoxicity assay using bivalent Nanobodies™ in
comparison with commercial controls (Enbrel, Remicade, Humira)

Table 46: Results of synovium derived fibroblast studies

Table 47: Results of murine air pouch studies

EXAMPLES

Example 1: Identification of TNFue and serum albumin specific nanobodies

Antagonistic nanobodies were identified using two llamas (Llama glama) immunized
with human TNFa by 6 injections of 100 pg of the cytokine at weekly intervals. Screening
was performed using a competition based assay, in which individual nanobodies were
analyzed for their capability to inhibit binding of labeled TNFa to its receptor. The albumin
specific nanobodies were identified from a llama tmmunized with human serum albumin.
Screening of individual nanobodies was performed by ELISA using human, rhesus and

mouse albumin, yielding a panel of nanobodies cross-reacting with the serum albumin of

various specics.

Example 2: Sequence analysis of isolated nanobodies
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Different clusses of nanobodies were identified based on seducnce analysis (Figure |)
using a BLOSUMG2 scoring matrix and a similarity significance value cu-off of > 60%:
Class I (PMP1 C2, PMP1 G1l, PMP1 H6), Class II (PMP1 GS, PMP1 H2, PMP3 G2), Class
I'b (PMP! D2), Class T (PMP3 D10, PMP5 Fi0). Table § lists the sequences of these

TNFa nanobodies (SEQ ID NOs: 52 to 60).
Based on sequence analysis (Figure 2) different classes of serum albumin nanobodics

were jdentified using the BLOSUMG2 scoring matrix and a similarity significance value cut-

off of 2 60%.Table 8 lists the sequences of these serum albumin nanocbodies (SEQ ID NOs:

61 to 67).

Example 3: Biacore analysis

TNFe
Binding of nanobodies to TNFa was characterised by surface plasmon resonance in a

Biacore 3000 instrument. TNF from different species was covalently bound to CMS5 sensor
chips surface via amine coupling until an increase of 250 respomse units was reached.
Remaining reactive groups were Inactivated. Nanobody binding was asscssed at one
concentration (1 in 1,000 diluted). Each nanobody was injected for 4 minutes at a flow rate of
45 pl/min to allow for binding to chip-bound antigen. Binding buffer without panobody was
sent over the chip a;the same flow r:l:e to allow spontaneons dissociation of bound nanobody

far 4 hours. Ke-values were calculated from the sensorgrams obtained for the different

nanobodies.
Of each class of nanobodies unpurified proteins were analyzed in Biacore. Kgdata is

listed in Table 5.

Representative nanobodies irom each class were retained for further analysis based on
korr value. For Class 1 PMPLIC2 (TNF1) was selected; PMP1G5 (TNF2) was selected as
representative of Class IT; PMP5F10 (TNF3) was selected as representative of Class I,

Serum albumin
Binding was assayed as described above except that 1 in 20 dilutioris were used.

Figures 3, 4 and 5 illustrate screening of albumin specific TNFa nanobodies versus human,

rhesus and mouse serum albumin using unpurified protein.
The nanobodics arc ranked according to kyg-values, see Table 111 below:
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!'Cvlass . Human TRhesus Mouse ‘f
c PMPGAS  |PMPGAS | PMP6B4
C PMPGB4  |PMPGB4 | PMPGAS
B PMPGAG ~ |PMPGAG | PMPGAG
B TPMP6CT | PMP6CI | PMPE6CT
A PMP6GS  |PMPGGS | PMP6GS
A PMP6AS  |PMPGAS | PMPGAS
P PMPGOT  [PMFGGT [ PMIPGG7

Table 10

The best ke were obtained for members of family C and farmily B. Cross-reactivity
between mouse, human and rhesus serum albumin was alse observed for members of those
families. A representative Ananobody from class B and C was defined for further analysis:

PMPGAG (ALB1) was selected as representative of Class B and PMP6AS (ALB2) was

selected as representative of Class C.

Example 4: Cloning of monovalent nanobodies in pAX051

Description of Escherichia coli expression vecfor
pAXO051 is a desivative of pUC19. It contains the LacZ promoter which enables a

controlled induction of expression using IPTG. The vector has a iesistance gene for
Ampicillin or Carbenicillin. The multicloning sites harbours several restriction sites of which
§/il and BstETl are frequently used for cloning of Nanobo.diesTM. In frame with the NB coding
sequence the vector cades for 2 C-terminal c-myc fag and a (His)6 tag. The signal peptide is
the gen3 leader sequence which translocates the expressed Nanobody™ to the periplasm.

The DNA coding for the selected nanobodies TNF1 (PMP1C2), TNF2 (PMP1GS),
TNE3 (PMP5F10), ALB1 (PMP6AG) and ALB2 (PMP6AS) was cloned in pAXO051 sad the
construct was transformed to TGl electrocompetent cells. Clones were analyzed for PCR
insert and the nucleotide sequence was determined from 4 positive clones. Glycerol stocks

were prepared from clones containing the correct sequence and stored at -80°C.
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Example 5: Expression of monovalent nanobodics

A preculture was started by inoculating a single colony of the clone expressing the
respective nanobodies at 37°C in Luria Broth, Ampicillin/Carbenicillin (100pg/ml) and 2%
glucose ovemnight. This preculture was used to inoculate. Inoculum is 1% percent (v/v) of the
production culture (TB medium + Ampicillin/Carbenicillin + 0.1% Glucose). The production
culture 1s grown at 37°C until an OD600nm of 5-10 is reached and nanobody expression is
induced by adding IPTG (1mM final concentration). Protein expression is allowed to
continue either for 4h at 37°C or overnight at 28°C, at which point cells are collected by
centrifugation and stored as wet cell paste at -20°C.

Preparative periplasmic extracts of the -20°C stored wet cell paste are madc by
resuspending the pellet in Peri-buffer (50mM NaH;PO., 300mM NaCl, adjusted pH to 8.0),
rotating the mixture for 30min at 4°C and centrifuging the mixture using a preparative
centrifuge (Sorvall RC-3C Plus with H-6000A rotor) to pellet the cells. Supcmatant,
representing a rough extract of the periplasmic space, is collected for further purification.

The His(6)-tagged nanobodies are purified on Immobilized Metal Affinity
Chromatography (IMAC). The TALON resin (Clontech) is processed according to the
manufacturer’s instructions. The extracts are incubated with the resin for 30 min at RT on a_
rotator. The resin is washed with PBS and transferred to a column. The packed resin is
washed with 15 mM Imidazole. The nanobodies are eluted from the column using 150 mM
Imidazole. The eluated fractions are analyzed by spotting on Hybond Membrane and
visualization with Ponceau. Fractions containing protein are pooled and dialysed against

PBS. Dialysed proteins are collected, filter sterilized, concentration determined and stored in

aliquots at -20°C.

Characterisation of monovalent TNFa nanobodies

Example 6: Homology to human germline sequences

The nanobody amino acid sequences were compared to the human germline
sequences as represented in Table 10. In order of homology to human sequences the

nanobodies rank as follows: TNF1 > TNF2 > TNF3 for the TNFu nanobodies; ALB1 >

ALB2 for the serum albumin nanobodies.

Example 7: Expression level
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Expression levels were calculated and represented in Table 11 In order of yield the
nanobodies rank as follows: TNFI>TNF2>TNF3 for the TNFq nanobodies; ALBI > ALR?

for the serum albumin nanobodies.

Example 8: SDS-Page analysis

To determine the purity, protein samples were analyzed on a 15% SDS-PAGE gel.
10ut Laemmli sample buffer was added to 10p1 (lug) purified protein, the sample was heated
for 10 minutes at 95°C, cooled and loaded on a 15% SDS-PAGE gel. The gel was processed
according to general procedures and stained with Coomassie Brilliant Blue (CBB). Figure 6

represents the SDS-PAGE for the TNFa-specific and serum albumin-specific nanobodies.

Example 9: Western Blot analysis

100 ng of purified protein was loaded on the gel. Following SDS-PAGE, proteins
were transferred to a nitrocellulose membranc using the Mini Trans-Blot® Electrophoretic
Transfer Cell (Biorad). The membrane was blocked overnight in PBS, 1% casein at 4°C.
As all constructs were fused to c-myc tag, mouse monoclonal anti-myc antibody was used as
a detection tool. In addition, rabbit polyclonal anti-Nanobody (R23) was used as a detection
tool. The blot was incubated for 1h at room temperature with-agitation in 1/2000 diluted anti-
myc antibody in PBS or 1/2000 anti-Nanobody antibody in PBS, 1% casein. The membrane
was washed 5 times in PBS before the secondary antibody was applied (rabbit-anti-mouse
1gG alkaline phosphatase conjugate, Sigma, A1902, diluted 1/1000 in PBS or goat anti-rabbit
IgG alkaline phosphatase conjugate, Sigma, A8025, 1% casein). After incubation with gentle
agitation for 1h at room temperature, the membrane was washed 5 times in PBS. Blots were
developed using BCIP/NBT solutions and the reaction was stopped by washing the blot with

milliQ water when bands were clearly visible. Figure 7 represents the Western Blot analysis.

Example 10: ELISA binding to human and rhesus TNFea

An ELISA was performed to examine binding to human and rhesus TN Fq. A 96-well
Maxisorp plate was coated with 2 pg/ml Neutravidin in PBS ON at 4°C. Plates were blocked
with 1 % caseine for 2ﬁrs at RT. Biotinylated TNFa (400 ng/ml) was added to the wells and
incubated for thr at RT. Nanobody samples were diluted starting at 2 ug/ml and using 1 in 3

dilutions. Nanobodies were detected using mouse anti-myc (1/2000 diluted) and rabbit anti-
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mouse alkaline phosphatase (1/2000 diluted, Sigma, A1902) and pNPP (2mg/ml) as substrate.
Figures 9 and 10 respresent the binding in ELISA to human and rhesus TNFa.

Results are summarized in Table12. TNFI and TNF3 show binding to both human
and rhesus TNFa. TNF2 is binding to human TNFa but is only weakly reactive to rhesus

TNFa.

Example 11: Receptor-Inhibition assay

The ability to inhibit receptor-ligand interaction was analyzed for rhesus and human
TNFa. A 96-well Maxisorp plate was coated with 2 pg/ml Enbrel in PBS ON at 4°C. Plates
were blocked with | % Caseine for 2hrs at RT. Nanobody samples were pre-incubated for 30
min at RT with biotinylated TNFa (10ng/ml) starting at a concentration of 5 pg/ml and using
1 in 2 dilutions. Samples were added to the plates and incubated for | hr at RT. Biotinylated
TNFa was detected using Extravidin alkaline phosphatase (1/2000 diluted) and pNPP
(2mg/ml) as substrate. Figures 11 and 12 represent an inhibition ELISA for human and rhesus
TNFa. Results are summarized in Table 13. Inhibition of ligand/receptor binding is observed

for TNF1 and TNF3 for both human and rhesus TNF, while TNF2 is only inhibiting human
TNFa.

Example 12: Biacore analysis
TNFa binding

The analysis was performed as described in Example 3. Figures 13 and 14 illustrate
the binding to human and rhesus TNFa via Biacore analysis. Results are summarized in Table
14. Binding experiments in Biacore confirm the ELISA results: cross-reactive binding for

TNFI and TNF3, while TNF2 only significantly binds human TNFa.

Serum albumin

Binding was assayed as described above except that serics of different concentrations
were used. Each concentration was injected for 4 minutes at a flow rate of 45 ul/min to allow

for binding to chip-bound antigen. Binding buffer without analyte was seat over the chip at
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the same flow rate to allow for dissociation of bound nanobody. After 15 minutes, remaining
bound analyte was removed by injection of the regeneration solution (25 mM NaOH).

From the sensorgrams obtained for the different concentrations of each analyte Kp-
values were calculated via steady state affinity when equilibrium was reached.

Results are summarized in Table 15. Cross-reactivity is observed for both ALBI and
ALB2. The highest affinity is observed for ALB2 on human and rhesus TNFo. However, the
difference in affinity for human/rhesus versus mouse serum albumin is more pronounced for

ALB2 (factor 400), while for ALB1 a difference of a factor 12 is observed.

Example 13: Bio-assay

The TNFa sensitive mouse fibroblast cell line L9295 was used for measuring the anti-
TNFa activity of the selected nanobodies. At a sufficiently high concentration of TNFa in the
medium, ie. cytotoxic dose, L929s cells undergo necrosis. The inhibition of TNFa
interaction with its receptor was determined by pre-incubating a series of antibody dilutions
with a cytotoxic concentration of TNFa before adding the mixture to the cells. The presence
of actinomycin D in the medium sensitises the cells further to TNFa, resulting in increased
sensitivity of the bioassay for free TNFa.

The [.929 cells were grown to nearly conflugncy, plated out in 96-well microtiter
plates at 5000 cells per well and incubated overnight. Actinomycin D was added to the cells
at a final concentration of 1 pg/ml. Serial dilutions of the nanobodies to be tested were mixed
with a cytotoxic concentration of TNFa, (final assay concentration is 0.5 ng/ml or 15 1U/ml).
After at least 30 minutes of incubation at 37°C, this mixturc was added to the plated cells.
Plates were incubated for 24 hours at 37°C and 5% CO,. Cell viability was determined by use
of the tetrazolium salt WST-1. Dose-response curves and ECso values were calculated with
Graphpad Prism.

The results are summarized in Table 16 for human and rhesus TNFa. Based on their
potency to neutralize cytotoxic activity, the molecules are ranked as follows:

TNE3>TNFI1>TNF2 for human TNFa, and TNF1 = TNF3 > TNF2 for rhesus TNFa.

Example 14: Protein A binding

Figure 14 represents Protein A binding analyzed in Biacore as described in Example
12. Positive binding was obtained for TNF1, TNF2, ALB1. No or weak binding was observed
for TNF3 and ALB2.



10

15

20

25

30

CA 2962819 2017-03-30

-240 -

Example 15: Temperature stability

Samples were diluted at 200 pg/ml and divided in 8 aliquots containing 500 pl. The
different vials were incubated each at a given temperature ranging from RT to 90°C. After
treatment the samples were cooled down for 2hrs at RT, they were kept at 4°C. Precipitates

were removed by centrifugation for 30 min at 14,000 rpm. SN was carefully removed and

further analysed.

0OD280nm

OD at 280 nm was measured and the concentration was calculated. Results are
summarized in Table 17. A decrease in protein content was observed for TNF2 and TNFE3

starting at 80°C, while for ALB2 a decrease is observed starting from 70°C.

Western Blot

2 pg of treated protein was separated on a 15% SDS-PAGE and transferred to a
nitroccliulose membrane and treated as described above. Detection was performed using
polyclonal anti-Nanobody (R23, 1/2000 diluted) and anti-rabbit horse radish peroxidase
(DAKQ, P0448, 1/2000 diluted). Figure 15 represents the Western Blot analysis. A clear drop
in protein concentration was observed for ALB2 treated at 70, 80 and 90°C. Aggregation was
still observed for TNF1 treated at 70, 80 and 90°C; for TNF3 treated at 90°C; for ALBI
treated at 90°C, meaning that the SN still contains traces of precipitates which result in a
higher OD280nm read-out. This explains why the protein concehtration as measured at

OD280nm does not decrease for TNF1, TNF3 and ALBI1 treated at these higher T.

ELISA
The ELISA to detect binding to human TNFa was essentially performed as described

in Example 10. Results are presented in Figure 16. Human TNFa binding is decreased for

TNF1, TNF2, TNF3 starting at 80°C.

Bio-assay

The bio-assay was performed as described in Example 13. The results are summarized

in Table 18. Potency of the nanobodies is decreased for TNF1 starting at 70°C; for TNF2 and
TNE3 starting at 80°C.



20

25

30

CA 2962819 2017-03-30

- 241 .

Biacore

Binding to human serum albumin was determined as described in Example 12. A
fixed concentration was used (! in 50 diluted). Results are presented in Figure 17.
Temperature treatment is not influencing binding to serum albumin for AI.B1. The treatment

has an effect on the k,, for ALB2 starting from T=70°C.

Bivalent nanobodies

Example 16: Formatting of bivalent TNFa specific nanobodies
TNF1, TNF2 and TNF3 were formatted to bivalent nanobodies. As spacer between
the two building blocks either a 9AA GlySer linker (Table 19 SEQ ID No: 68) or a 30 AA
GlySer linker (Table 19 SEQ ID No: 69) was used. This generated the constructs represented
by Table 20. Table 19 lists the sequences of these bivalent TNFa nanobodies (SEQ ID NOs:

70 t0 75).

Example 17: Expression of bivalent TNFa specific nanobodies

Expression was performed as described in Example 5. The His(6)-tagged nanobodies
were purified on Immobilized- Metal Affinity-Chromatography (IMAC). The Ni-NTA resin
(Qiagen) was processed according to the manufacturer’s instructions. The extracts were
incubated with the resin and incubated for 30 min at RT on a rotator. The resin was washed
with PBS and transferred to a column. The packed resin was washed with PBS (1 in 10
diluted). The column was pre—clu.tcd with 15 mM Imidazole. The nanobodies were eluted
from the column using 25 mM Citric Acid pH=4. The eluated fractions were analyzed by
spotting on Hybond Membrane and by visualization with Ponceau. Fractions containing
protein were pooled and further purified on Cation exchange followed by size exclusion.

Punified proteins were collected, filter sterilized, concentration determined and stored in

aliquots at -20°C.

Characterisation of bivalent TNFa specific nanobodies

Example 18;: Expression level

Expression levels of the bivalent TNFa nanobodies were calculated and represented in

Table 21. The linker has no significant effect on the expression level of the nanobodies.
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Example 19: SDS-PAGE

SDS-Page was performed as described in Example 8. Figure 18 shows the result of

the SDS-Page.

Example 20: Western Blot

Western Blot analysis was performed as described in Example 9. Figure 19 represents

the Western Blot results.

Example 21: Receptor-Inhibition assay
The assay was performed as descrnibed in Example 11. Figure 20 and Table 22
represent the results. Enhancement of inhibition of ligand/receptor binding was observed for

all bivalent nanobodies compared to the monovalent format.

Example 22: Bio-assay
The assay was performed as described in Example 13. Results are summarized in

Table 23. Based on their potency to neutralize cytotoxic activity TNF8, TNF7, TNF9 and
TNF5 have a potency in the range of Enbrel.

Example 23: Temperature stability

Samples were analysed as described in Example 15.

OD280 nm

OD at 280 nm was measured and the concentration was calculated. Results are
summarized in Table 24. A decrecase in protein content was observed for TNF4 and TNF7

starting at 70°C, while for TNF5, TNF6, TNFS and TNF9 a decrease was observed starting
from 80°C.

Western Blot

Samples were analyzed for the presence of aggregates as described in Example 15.

ELISA
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The ELISA to detect binding to human TNFa was essentially performed as described
above. Results are presented in Figure 21. Human TNFa binding was decreased for TNFS,

TNF6, TNF8 and TNF9 starting at 80°C, for TNF4 and TNF7 starting from 70°C,

Humanised monovalent nanobodiecs

Example 24: Identification of non-human amino acid positions in TNFa and serum
albumin specific nanobodies

Figure 22 (TNF1), Figure 23 (TNF2), Figure 24 (TNF3) and Figure 25 (ALBI)
represent multiple sequence alignments (Clustal W 1.7) with DP51, DP53, DP54 and DP29
sequences.

In addition to the amino acid mutations, codon optimization was performed yielding
the sequences of Table 25 SEQ ID NOs: 76 to 89 (Nanobodies against TNF-alpha and human

serum albumin, respectively).

Example 25: Generation of codon optimised mutants

Oligonucieotides were synthesised spanning the entire sequence of the nanobodies.

Example 26: Expression of bivalenf TNFa specific nanobodies

Expression was performed as described in Exémple 5.

Characterisation of humanised nanobody

Example 27: Expression level
Table 26 represents calculated expression levels. Expression was achieved with yields

in the range of 3.5-11.7 mg/ml. Induction time did not influence the yield.

Example 28: SDS-PAGE
SDS-PAGE was performed as described in Example 8. Figure 26 represents the SDS-

PAGE gel.

Example 29: Western Blot

Western Blot analysis was performed as described in Example 9. Figure 27 represents

the Western Blot results.
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Example 30: Bio-assay
The assay was performed as described in Example 13.
The results of the humanised nanobodies are summarized in Table 27, The wildtype

nanobodies are included as reference.

Example 31: Biacore
The analysis was performed as described in Example 12. Figure 28 and 31 shows

Biacore results.

Example 32: Temperature stability

Samples were analysed as described in Example 15.

OD280 nm

OD at 280 nm was measured and the concentration was calculated. Results are
summarized in Table 28.

No significant decrease in protein concentration is observed for the humanised TNF1
nanobodies (TNF13-14). A decrease in protein concentration is observed for humanised
TNF2 (TNF15-19) and TNF3 (TNF20-23) starting at. 80°C. A dccrease in protein
cvoncentration is observed for humanized ALBI (ALB4-5) starting at 70°C and for ALB3

starting at 60°C.

Western Blot

Samples were analyzed for the presence of aggregates as described in Example 15.

ELISA
The ELISA to detect binding to human TNFa was essentially performed as described
in Example 15. Results are presented in Figure 30.
Human TNFa binding is comparable for temperature treated WT TNF! and the
humanized TNF13 and 14; for temperature treated WT TNF2 and the humanized TNF15-19;
human TNFa binding is decreased for TNF21 and 22, and to a less extent for TNF23, while

no effect is observed for TNF20 compared to the temperature treated WT TNE3.

Trivalent TNFa nanobodies
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Example 33: Formatting of trivalent TNFq specific nanobodies

INF1, TNF2, TNF3 and ALBI were formatted to trivalent nanobodies. As spacer
between 2 building blocks either a 9AA GlySer linker (Table 19 SEQ ID No 68) or a 30 AA
GlySer linker (Table 19 SEQ ID No 69) was used. This generated the constructs of Table 30.
Table 29 lists the sequences of trivalent TNFu nanobodies (SEQ ID NOs: 91 to 94).

Example 34: Expression of trivalent TNFa specific nanobody

Expression was performed as described in Example 5. The His(6)-tagged nanobodies
are purified on Immobilized Metal Affinity Chromatography (IMAC). The Ni-NTA resin
(Qiagen) is processed according to the manufacturer’s instructions. The extracts are incubated
with the resin and incubated for 30 min at RT on a rotator. 'The resin is washed with PBS and
transferred to a column. The packed resin is washed with PBS (1 in 10 diluted). Pre-clute
with 15 mM Imidazole. The nanobodies are eluted from the column using 25 mM Citirc Acid
pH=4. The eluated fractions are analyzed by spotting on Hybond Membrane and visualization
with Ponceau. Fractions containing protein are pooled and further purified on Cation
exchange followed by size exclusion. Purified proteins are collected, filter sterilized,

concentration determined and stored in aliquots at -20°C,

Characterization of trivalent TNF&/SA specific nanobodies

Example 35: Expression level

Expression levels were calculated and represented in Table 31.

Example 36: SDS-PAGE analysis
SDS-PAGE was performed as described in Example 8. Figure 31 represeats the SDS-"

PAGE gel.

Example 37: Western Blot analysis

Western Blot analysis was performed as described in Example 9. Figure 32 represents

the Western Blot analysis.

Example 38: Bio-assay

The assay was performed as described in Example 13.
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The results of the bivalent nanobodies are summarized in Table 32. Based on their
potency to neutralize cytotoxic activity, the molecules are equally potent and comparable (0

their potency as bivalent molecules.

Example 39: Binding to Human Serum Albumin

Binding was assayed as described above except that series of different concentrations
were used. Each concentration was injected for 4 minutes at a flow rate of 45 pl/min to allow
for binding to chip-bound antigen. Next, binding buffer without analyte was sent over the
chip at the same flow rate to allow for dissociation of bound nanobody. After 15 minutes,
remaining bound analyte was removed by injection of the regeneration solution (25 mM
NaOH). '

From the sensorgrams obtained for the different concentrations of each analyte Kp-
values were calculated via steady state affinity when equilibrium was reached.

Results are summarized in Table 33. A decrease in affinity was observed for the
formatted ALB1 binder compared to the wild type ALBI1. The affinity however is still in the
range of 7.2-14 nM.

Example 40: Temperature stability

Samples were analysed as described in Example 15,

OD280 nm

OD at 280 nm was measured and the concentration was calculated. Results are
summarized in Table 34. A decrease in protein content is observed for I NF24, TNF27 and

TNF28 starting at 60°C, while for TNF25 and TNF26 starting from 70°C.

Western Blot

Samples were analyzed for the presence of aggregates as described in Example 15.

ELISA
The ELISA to detect binding to human TNFa was essentially performed as described

above. Results are presented in Figure 33. Human TNFa binding is decreased for TNF24 and
TNEF27, starting from 60°C and for TNF25, TNF26 and TNF28 starting at 70°C.
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Humanised monevalent nanobodies (second round)

Example 41: Identification of non-human amino acid positions in TNFa and serum

albumin specific nanobodies

Figure 34 (TNF1), Figure 35 (TNF2), Figure 36 (TNF3) and Figure 37 (ALB1)
represent multiple sequence alignments (Clustal W 1.7) with DP51, DP53, DPS4 and DP29
sequences. The mutated molecules were expressed and purified as described above, yielding
the sequences of Table 35 SEQ ID NOs: 95 to 104 (against TNF-alpha and human serum

albumin, respectively).

Characterisation of humanised nanobody

Example 42: Expression level

Table 36 represents calculated expression levels. Expression was achieved with yields

in the range of 0.5-2.7 mg/ml.

Example 43: SDS-PAGE
SDS-Page was performed as described in Example 8. Figure 38 represents the SDS-

Page gel.

Example 44: Western Blot

Western Blot analysis was performed as described in Example 9. Figure 39 represents

the Western Blot results.

Example 45: Bio-assay
The assay was performed as described in Example 13.
The results of the humanised nanobodies are summarized in Table 37. The wildtype

nanobodies and first round of humanised nanobodies are included as reference.

Example 46: Biacore

The analysis was performed as described in Example 12. Figure 40 shows Biacore

results.

Example 47: Temperature stability

Samples were analysed as described in Example 15.
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OD280 nm

OD at 280 nm was measured and the concentration was calculated. Results are
summarized in Table 38.

No significant decrease in protein concentration is observed for the humanised TNF1
nanobodies (TNF29-30). A decrease in protein concentration is observed for humanised

TNF2 (TNF31-32) and TNF3 (TNF33) starting at 80°C.

Western Blot

Samples were analyzed for the presence of aggregates as described in Example 15.

ELISA
The ELISA to detect binding to human TNFa was essentially performed as described

in Example 15. Results are presented in Figure 41.

Human TNFa binding is comparable for WT TNFI and the humanised TNF29 and
TNF30; comparable for WT TNF2 and the humanised TNF31 and TNF32; and also for WT
TNF3 and humanised TNF33.

Comparative Example

In this Comparative Example, nine Nanobodies of the invention were compared with
three Nanobodies from WO 04/041862, called “Vuuf#lA” or “1A”, “Vyuu3E” or “3E” and
“Vuu#3G” or “3G” respectively (SEQ ID NOS:1,4 and 5 in WO 04/041862). The assay used
was the cell based assay using KYM-cells referred to in WO 04/41862 {see for example
Example 1, under 3)). The results are mentioned in Table 39 below. As can be seen, the
Nanobodies of the invention have an EC50 valuc in this assay that is 18-fold betier than the

EC50 value of 3E, the best performing Nanobody according to WO 04/041862.

Example 48: Generation of trivalent bispecific humanized Nanobodies™
Trivalent bispecific Nanobodies were formatted and cloned in the E. coli expression
vector pAX054 first and then rescued through PCR and cloned in the pPICZaA expression

vector.
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CLAIMS:

1. A nanobody against human serum albumin, which consists of 4 framework regions, FR1 to FR4
respectively, and 3 complementarity determining regions, CDR1 to CDR3 respectively, in which: CDR1
comprises amino acid sequence SFGMS of SEQ ID NO:36; CDR2 comprises amino acid sequence
SISGSGSDTLYADSVKG of SEQ ID NO:40; and CDR3 comprises amino acid sequence GGSLSR of
SEQ ID NO:48.

2. The nanobody according to claim 1, which is a VHH, a humanized VHH or a camelized VH.
3. A nanobody against human serum albumin which is ALB 3 of SEQ ID NO:87.

4. A nanobody against human serum albumin which is ALB 4 of SEQ ID NO:8S8.

5. A nanobody against human serum albumin which is ALB 5 of SEQ ID NO:89.

6. A nanobody against human serum albumin which is ALB 6 of SEQ ID NO:100.

7. A nanobody against human serum albumin which is ALB 7 of SEQ ID NO:101.

8. A nanobody against human serum albumin which is ALB 8 of SEQ ID NO:102.

9. A nanobody against human serum albumin which is ALB 9 of SEQ ID NO:103.

10. A nanobody against human serum albumin which is ALB 10 of SEQ ID NO:104.

11. The nanobody according to claim 1, wherein CDR1 is amino acids SFGMS of SEQ ID NO:36;
CDR2 is amino acids SISGSGSDTLYADSVKG of SEQ ID NO:40; and CDR3 is amino acids GGSLSR
of SEQ ID NO:48.

12. The nanobody against human serum albumin according to claim 11, in which:
(1) FR1 is or comprises an amino acid sequence selected from the group consisting of: SEQ

ID NO:370, 368, 369, 371, 372, 373, and 374;
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(i1) FR2 is or comprises an amino acid sequence selected from the group consisting of: SEQ

ID NO:384, 383 and 385 - 388;

(ii1) FR3 is or comprises an amino acid sequence selected from the group consisting of: SEQ

ID NO:398, 396, 397, 399, 400 and 402; and

@iv) FR4 is or comprises an amino acid sequence selected from the group consisting of: SEQ

ID NO: 412,410, 411 and 413-416.

13.

The nanobody against human serum albumin according to claim 11, in which:
6) FR1 is selected

from the group consisting of the amino acid sequence:
QVQLQESGGGXVQAGGSLRLSCAASG of SEQ ID NO:1,

QVQLQESGGGLVQAGGSLRLSCAASG of SEQ ID NO:5,
amino acid sequences that have at least 80% sequence identity with SEQ ID NO:1 or 5, and
amino acid sequences that have 3, 2 or only 1 amino acid difference(s) with one of the above

amino acid sequences;

and in which:

(i1) FR2 is selected

from the group consisting of the amino acid sequence:

WXRQAPGKXXEXVA of SEQ ID NO22,
WFRQAPGKERELVA of SEQ ID NO:6,
WFRQAPGKEREFVA of SEQ ID NO-7,
WFRQAPGKEREGA of SEQ ID NO:8,
WFRQAPGKQRELVA of SEQ ID NO:9,
WFRQAPGKQREFVA of SEQ ID NO:10,
WYRQAPGKGLEWA of SEQ ID NO:11,

amino acid sequences that have at least 80% sequence identity with SEQ ID NO:2 and 6-11, and

amino acid sequences that have 3, 2 or only 1 amino acid difference(s) with one of the above

amino acid sequences;

and in which:

(ii1) FR3 is selected

from the group consisting of the amino acid sequence:
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RFTISRDNAKNTVYLQMNSLXXEDTAVYYCAA of SEQ ID NO:3,
RFTISRDNAKNTVYLQMNSLKPEDTAVYYCAA of SEQ ID NO:12,
amino acid sequences that have at least 80% sequence identity with SEQ ID NO:3 or 12, and

amino acid sequences that have 3, 2 or only 1 amino acid difference(s) with one of the above
amino acid sequences;
and in which:

@iv) FR4 is selected

from the group consisting of the amino acid sequence:

XXQGTXVTVSS of SEQ ID NO:4,
WGQGTQVTVSS of SEQ ID NO:13,
WGQGTLVTVSS of SEQ ID NO:14,

amino acid sequences that have at least 80% sequence identity with SEQ ID NO:4, 13 and 14, and
amino acid sequences that have 3, 2 or only 1 amino acid difference(s) with one of the above
amino acid sequences;

in which the Hallmark Residues are indicated by “X”.

14. The nanobody against human serum albumin according to claim 13, in which:

5 said amino acid sequences

(i) having at least 80% sequence identity with SEQ ID NO:1 or 5 or having 3, 2 or only 1
amino acid difference(s) therewith,

(i1) having at least 80% sequence identity with SEQ ID NO:2 and 6-11 or having 3, 2 or
only 1 amino acid difference(s) therewith,

(iit) having at least 80% sequence identity with SEQ ID NO:3 or 12 or having 3, 2 or
only 1 amino acid difference(s) therewith, or

(iv) having at least 80% sequence identity with SEQ ID NO:4, 13 and 14 or having 3, 2
or only 1 amino acid difference(s) therewith,

comprise only amino acid substitutions, and no amino acid deletions or insertions,
compared to respective reference sequences;
@ any amino acid substitution in FR1 at any position other than a Hallmark position is

either a conservative amino acid substitution and/or an amino acid substitution defined as follows:

Pos. | Amino acid residue(s):
Human Vg3 Camelid Vyg's
1 E Q Q. AJE,D,H R
2 \Y V,AJE,G,L,M, Q
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3 Q Q. K. E HPRY
4 L L,F,P,RV
5 V,L QEL VMPAI
6 |E E,D,Q A H
7 ST S,F.H
8 G,R G, AR
9 G G, E
10 |GV G.D,R,A.EN,T,V
11 Hallmark residue: L, M, S, VW, F, N, P, T, Y;
12 (V.1 V.A,GM
13 Q,K.R QEKD GAHLNPRT
Human Vg3 Camelid Vyy's
14 [P A QA GPT V,EFLN,S
15 G G
16 | GR G, AJE, D, N,P.R S, VW
17 |S S,F,T,N,P,A,C
18 | L L, V.M, Q,R
19 |R K R K LNSTAFGILM,Q
20 [L L FLV,MS
21 S S,F,T,G H,P,A
22 C C
23 AT A D P ST VEGLL QR
24 | A A LS TV, CEFGLNPQY
25 S SSAJF,P,T,L,V
26 |G G.,D,E,R,S,V,A,LM,P,T
27 |F SSEER,LLP.G N A D E H LK M,
QT VY
28 [T N,T,E DS, LR A GRFY,LM,
P,V
29 |F,V FL D S, ILG V,AEPTY
30 |S,D,G N,SSEEGADMTHILP,R VW
3 any amino acid substitution in FR2 at any position other than a Hallmark position is
either a conservative amino acid substitution and/or an amino acid substitution defined as follows:
Pos. | Amino acid residue(s):
Human Vg3 Camelid Vyy's
36 |W w
37 | Hallmark residue: FO) Y, H,IL A,L,P,SorV
33 |R R
39 | Q QH PR ADGLE
40 | A AFGPTVLLNRSY
41 |P,S,T P,A,L,S,1,Q, T
42 |G G E,D,RT YV
43 K KD ENQRT V,A LMS
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44 | Hallmark residue: G®, E® D, Q,R, S, L, A,F, K, M,N,P, V, W, Y;

45 | Hallmark residue: L?, R® C,IL,P,Q,V,D,E, G, H, K, T;

46 | E,V

|E,D,K,Q,V,A,G,N

47 | Hallmark residue: W® LY orF A, G, I, M,R,S,D,E.H. K, Q, T,VorY;

48 V V’ I’ L’ A’ C’ E’ F’ G’ H’ M’ P’ Q’ R’ S’
T,V,W, Y

49 |S,AG A S, AGT,V,DELLQRY

¢ any amino acid substitution in FR3 at any position other than a Hallmark position is

either a conservative amino acid substitution and/or an amino acid substitution defined as follows:

Pos. | Amino acid residue(s):
Human Vg3 Camelid Viuy's

66 |R R

67 |F F,L,V,A,D,1,S,Y

68 | T T,A,S,D,F,G LK N

69 |1 LM, V,A,F,L,R, S, T

70 |S S,A,F,E,G,K,P, T,V

71 | R R,G,LK QS,T,W,A,F, L, M,N

72 | D,E D.E.G,N,V,A,H,LL, Q,S, T

73 |N.D,G N.D.F,LK S, T,Y,A, G H L M
R,V

74 | A,S A D,G,N,P,S, T.F,H.LL, R V.Y

75 |K K,A,ELKLN,QRDGLM,S,
T,V,W

76 | N,S N.D.K,R,S,T,Y,E,G,H,1,Q

77 |S,T,1 T,A,E, LM S,K,L,N,R, V

78 |L,A V.LA,F,G,LM,E,N,Q,R,S, T, W

79 |Y,H Y, A,D,F,H,S, T,C,E,LL,N,V, W

80 | L L,F, V.M

81 | Q Q,E.RT,GHILK L MN

82 |M MLL V,GP,T

82a |N,G N.D,G,H, S, T,A,E, LK, R,V

82b | S S,N,D,G,R,A,C,E,F, LK, M, P,
T,V

82¢ |L L,PMT,V

83 | Hallmark residue: R, K® N, E® I, M,A,D,G,L,Q,S, TorQ;

84 | Hallmark residue: P A, L. R, S,D,V,F, G, H,N, T, Y;

85 |E,G E,D,G Q,AN,R VY

8 |D D.E.F,Y

87 |T,M T,S,A,C,M

88 | A A, G S,D, LN, P

89 |V,L V,A,D,LL_M,N,R, T,E,F, S

90 |Y Y, F,E.H N

91 |Y,H Y.D.F,H,L,S,T,V,C, LN, R, W
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92 |C C
93 |AKT AN G HKRST,V,Y,EF,I
LM, Q
94 KR T A VCFGILL RS D E K M,
N,P,Q,T,W,YTork;
; and/or
&) any amino acid substitution in FR4 at any position other than a Hallmark position is

either a conservative amino acid substitution and/or an amino acid substitution defined as

follows:

Pos. | Amino acid residue(s):

Human Vy3 | Camelid Vug's
103 | Hallmark residue: W®, P©® R® S F G,K,L,N,Q,V.Y;
104 | Hallmark residue: G, A, R, S, Tor D;
105 [ Q,R QEKPRGHLSYV
106 | G G
107 | T T,A,LN,P
108 | Hallmark residue: Q, L, E, H, N, P, Tor R;
109 |V A%
110 | T T,LA
111 |V V.ALLG
112 | S S,FAJLLP,T,Y
113 | S S,AL,P,F, T

15. The nanobody against human serum albumin according to claim 13 or 14, wherein the sequence

identity with SEQ ID NO:1 or 5 is at least 90%, the sequence identity with SEQ ID NO:2 and 6-11 is at
least 90%, the sequence identity with SEQ ID NO:3 or 12 is at least 90%, or the sequence identity with
SEQ ID NO:4, 13 and 14 is at least 90%.

16. The nanobody against human serum albumin according to claim 13 or 14, wherein the sequence
identity with SEQ ID NO:1 or 5 is at least 95%, the sequence identity with SEQ ID NO:2 and 6-11 is at
least 95%, the sequence identity with SEQ ID NO:3 or 12 is at least 95%, or the sequence identity with
SEQ ID NO:4, 13 and 14 is at least 95%.

17. The nanobody against human serum albumin according to claim 13 or 14, wherein the sequence
identity with SEQ ID NO:1 or 5 is at least 99%, the sequence identity with SEQ ID NO:2 and 6-11 is at
least 99%, the sequence identity with SEQ ID NO:3 or 12 is at least 99%, or the sequence identity with
SEQ ID NO:4, 13 and 14 is at least 99%.
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18. The nanobody according to claim 11, which is a GLEW-class nanobody.

19. The nanobody according to claim 11, which contains an arginine residue at position 103.

20. The nanobody according to claim 11, which contains a leucine residue at position 108.

21. A polypeptide comprising the nanobody as defined in any one of claims 1 to 20.

22. A polypeptide consisting of at least one nanobody as defined in any one of claims 1 to 20.

23. A polypeptide comprising two or more nanobodies, said polypeptide comprising at least one

nanobody as defined in any one of claims 1 to 20.
24. A polypeptide comprising two or more nanobodies, wherein at least one of said two or more
nanobodies is as defined in any one of claims 1 to 20, wherein said nanobodies are linked via at least one

linker.

25. A polypeptide comprising two or more nanobodies, wherein at least one of said two or more

nanobodies is as defined in any one of claims 1 to 20.

26. A polypeptide comprising two or more nanobodies as defined in any one of claims 1 to 20,

wherein said two or more nanobodies are linked via at least one linker.

27. A polypeptide comprising three nanobodies, wherein at least one of the three nanobodies is as

defined in any one of claims 1 to 20.

28. A polypeptide comprising three nanobodies, wherein at least one of the three nanobodies is as

defined in any one of claims 1 to 20, wherein said nanobodies are linked via two linkers.

29. A polypeptide comprising three nanobodies, wherein at least two of the three nanobodies are as

defined in any one of claims 1 to 20.

30. The polypeptide of claim 29, further comprising two linkers, each of which links two of said three

nanobodies.
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31. A polypeptide comprising three nanobodies as defined in any one of claims 1 to 20.

32. The polypeptide of claim 31, further comprising two linkers, each of which links two of said three

nanobodies.

33. A bispecific polypeptide comprising a first nanobody as defined in any one of claims 1 to 20, and

a second nanobody directed against a second antigen.

34. The bispecific polypeptide according to claim 33, in which said first and second nanobody are

linked via a linker.

35. A trispecific polypeptide comprising a first nanobody as defined in any one of claims 1 to 20, a

second nanobody directed against a second antigen, and a third nanobody directed against a third antigen.

36. The trispecific polypeptide according to claim 35, in which said first, second and third nanobody

are linked via at least one linker.

37. The trispecific polypeptide according to claim 36, in which said first, second and third nanobody

are linked via two linkers.
38. A polypeptide comprising a nanobody as defined in any one of claims 1 to 20 and further
comprising at least one other nanobody, wherein said nanobodies are directly linked to each other or

linked to each other via a linker.

39. The polypeptide according to claim 34 or 38, n which the linker comprises a sequence of amino

acids.

40. The polypeptide according to any one of claims 24, 26, and 36, in which the at least one linker

comprises a sequence of amino acids.

41. The polypeptide according to any one of claims 28, 30, 32 and 37, in which the two linkers each

comprise a sequence of amino acids.
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42. The polypeptide according to any one of claims 39 to 41, in which the sequence of amino acids

comprises at least 14 amino acids.

43. The polypeptide according to any one of claims 39 to 41, in which the sequence of amino acids

comprises at least 17 amino acids.

44. The polypeptide according to any one of claims 39 to 41, in which the sequence of amino acids

comprises 20-40 amino acids.

45. The polypeptide according to any one of claims 39 to 41, in which the sequence of amino acids

comprises glycine and serine residues.

46. The polypeptide according to any one of claims 21 to 45, wherein the nanobody or at least one of

the nanobodies has the CDR sequences present in ALB 8 of SEQ ID NO:102.

47. The polypeptide according to any one of claims 21 to 45, in which the nanobody or at least one of

the nanobodies is a humanized nanobody.

48. The polypeptide according to any one of claims 21 to 45, in which the nanobody or at least one of
the nanobodies is a humanized variant of the nanobody ALB 1 of SEQ ID NO:63.

49. The polypeptide according to any one of claims 21 to 45, in which the nanobody or at least one of
the nanobodies is selected from the group consisting of ALB 3 of SEQ ID NO:87, ALB 4 of SEQ ID
NO:88, ALB 5 of SEQ ID NO:89, ALB 6 of SEQ ID NO:100, ALB 7 of SEQ ID NO:101, ALB 8 of SEQ
ID NO:102, ALB 9 of SEQ ID NO:103 and ALB 10 of SEQ ID NO:104.

50. The polypeptide according to any one of claims 21 to 45, in which the nanobody or at least one of
the nanobodies is ALB 8 of SEQ ID NO:102.
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PMP1C2 quqlvesggg lvgpggslrl scaasGETFS D..... YWMY wvrqapgkgl class I
PMP1G11 quqlgesgqgg mvgpggslrl scaasGFDFG V.. ... SWMY wvrqapgkgl
PMP1HG evqlvesggg lvqpggslrl scatsGFDFS V..... SWMY wvrqapgkgl
PMP3010 gvqlvesggg lvgaggslsl scaasGRSFT G..... YYMG wfrqapgker class ITI
PMPSF10 evglvesggg lvgaggslsl scsasGRSLS N..... YYMG wfrqgapgker
PMP1GS qvqlvesggg lvgaggslrl scaasGRTFS EPSGYTYTIG wfrqapgker class 11
PHMPIH2 gvkleesggg lvgpgdslrl 3caasGRTFS DYSGYTYTVG wfrqapgker
PMP3G2 avglvesggg lvgpgdslrl scaasGRTES DYSGYTYTVG wfrqapgker
PHMP1D2 avqlvdsggg lvgaggslrl scaasGRTFS AHSV..YTMG wfrqapgker c¢lass TIb
PHP1C2 ewvseINTNG LITKYPDSVK Grftisrdna kntlylgmns lkpedtalyy
PMPIG11 ewvseINTNG LITKYPDSVK Grftisrdna kttlylgmns lkpedtalyy
PMP1HG ewvseINTNG LITKYVDSVK Grftisrdna kntlylgmds lipedtalyy
eMP3010 qliasISWRG DNTYYKESVK Grftisrdda kntiylqmns lkpedtavyy
PMPSF10 ellgnlSWRG YNIYYKDSVK Grftisrdda kntiylgmnr lkpedtavyy
PHMPIGS efvarIYWSS GETYYADSVK Grftisrdia kntvdllmns lkpedtavyy
PMP1H2 efvarIYWSS GNTYYADSVK Grftisrdia kntvdllmnn lepedtavyy
PMP3G2 efvarIYWSS GNTYYADSVK Grftisrdia kntvdllmnn lepedtavyy
PHMP1D2 efvarIYWSS ANTYYADSVK Grftisrdna kntvdllmnc lkpedtavyy
PMPIC2 carS...... ...PSGFNrg qgtqvtvss
PMP1G11 carS...... ...PSGSFrg qgtqvtuss
PMP1H6 carS...... .. .PSGSFrg ggtgvtvss
PMP3D10 caaS.ILPLS DDPGWNTNwg qgtqvtuss
PHMP5F10 caaS.ILPLS DDPGWNTYwg ggtqvtvss
EMP1GS CaaRDGIPTS RSVGSYNYwg qgtqvtuvss
PMP1H2Z CaaRDGIPTS RSVESYNYwg qgtgvtvss
PMP3G2 caaRDGIPTS RSVESYNYWg qgtgvtvss
PMP1D2 CaaRDGIPTS RSVEAYNYwg qgtqvtvss
Figure 1
Hum+, Rhe+, Mout > PMP6GS avglvesggg lvqpggslrl tctasGETFR SEGMSwvrqga pgkdgewvsa A
Hum+, Rhe+, Mou- > PMP6AS qvglaesggg lvgpggslrl tctasGFTFG SEGMSwvrga pgeglewvsa
Humt, Rhe+, Mou+ > PMP6AG avqlvesggg lvgpgnslrl scaasGFTER SEGMSwvrqa pgkepewvss B
Hum+t, Rhe+, Mou+ > PMP6CL avglvdsggg lvgpggslrl scaasGFSFG_SFGMSwvrgy pgkepewvss
Hum+, Rhe+, Mou+ > PMPGAB avqglvesggg lvqggggslrl acaasERIFD LNLMGwyrgg pgnereivat C
Hum+, Rhe+, Mou+ > PMP6B4 evglvesggg lvgeggslirl acaasERIWD INLLGWwYyrqg pgnerelvat
Aum+, Rhe-, Mou- > PMP6G7 qvqlvesggg lvqpggslirl scaasGFTFS NYWMYwvrva pgkglerisr D
PMP6GB ISADSSTKNY ADSVKGrfti srdnakkmly lemnslkped tavyycviGR
PMP6AS ISADSSDKRY ADSVKGrfti srdnakkmly lemnslksed tavyycviGR
PHMP6AG ISGSGSDTLY ADSVKGrftj srdnakttly lqmnslkped tavyyctiGe
PMPECL INGRGDDTRY ADSVKGrfsi scdnakntly lqmnslkped taeyyctiGR
PMP6AS ITVG.DSTNY ADSVKGrfti smdytkqtvy lhmnslrped tglyyckiRR
PMP6B4 ITVG.DSTSY ADSVRGrfti srdydkntly lgmnslrped tglyyckiRR
PMP6G7 ISTGGGYSYY ADSVRGrfti srdnakntly lgmnslkped talyycakDR
PMP6GB GSPs...... ..spgtgvtv ss
PMPGAS GSPa...... -.3qgtqvty ss
PMPGAG SLSRs..... ..5qgtqvty ss
PUP6CL SVSRS..... .rtqgtqvtv ss
PMPGAB TWHSEL. ... .wgggtqvtv ss
PMP6B4 TWHSEL.... .wgqgtgvtv ss
PMP6GT EAQVDTLDFD Yrgqgtgvtv ss

Figure 2
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Screening of albumin specific nanobaodies versus human SA
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Screening of albumin specific nanobodies versus rhesus SA
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Screening of albumin specific nanobodies versus mouse SA
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Anti-Nanobodies
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1: TNF2
2: TNF1
3: TNF3
4: ALB1
5: ALB2
R: 100ng of reference nanobody
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Elisa on hTNF (detection anti-myc)
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Figure 8
Elisa on rhesus-TNF (detection anti-myc)
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Inhibition elisa on enbrel
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Figure 10
Inhibition elissa on enbrel (with rhesus-TNF)
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PMP1 C2, PMP1 G5 & PMPS F10 versus human TNF (normalized data)
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PMP1 C2, PMP1 G5 & PMPS F10 versus rhesus TNF (normalized data)
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TNF1:
DPS51 EVQLVESGGGLVQPGGSLRLSCAASGFTFS SYSMN WVRQAPGKGLEWVS YISSSSSTIYY(SEQ
ID NO: 472)
DP53 EVQLVESGGGLVQPGGSLRLSCAASGFTFS SYWMH WVRQAPGKGLVWVS RINSDGSSTSY (SEQ
ID NO: 473)
TNF1 QVQLVESGGGLVQPGGSLRLSCAASGFTFS DYWMY WVRQAPGKGLEWVS EINTNGLITKY
TNF13 EVQLVESGGGLVQPGGSLRLSCAASGFTFS DYWMY WVRQAPGKGLEWVS EINTNGLITKY
TNF14 EVQLVESGGGLVQPGGSLRLSCAASGFTFS DYWMY WVRQAPGKGLEWVS EINTNGLITKY
********‘ki******************* . * * ok ok ok ok ok ok k ok % * & % * *
DP51 ADSVKG RFTISRDNAKNSLYLQMNSLRDEDTAVYYCAR —=—= <~ WGQGTLVTVSS (SEQ ID
NO: 472 - continued)
DP53 ADSVKG RFTISRDNAKNTLYLQMNSLRAEDTAVYYCAR - —wee— WGQGTLVTVSS (SEQ ID
NO: 473 - continued)
TNF1 PDSVKG RFTISRDNAKNTLYLQMNSLKPEDTALYYCAR SPSGFN RGQGTQVTVSS
TNF13 PDSVKG RFTISRDNAKNTLYLOMNSLKPEDTAVYYCAR SPSGFN RGQGTQVTVSS
TNF14 PDSVKG RFTISRDNAKNTLYLQMNSLKPEDTALYYCAR SPSGFN RGQOGTLVTVSS
* ok kK Tk Ak hkokk ko k kK *kok ok ok ok ok k * % % % LR S X3 * K % % * %k kK
Figure 22
TNF2 :
DP54 EVQLVESGGGLVQPGGSLRLSCAASGFTFS —--~-- SYWMS WVRQAPGKGLEWVANIKQDGSEKYY
(SEQ ID NO: 474)
TNF2 QVQLVESGGGLVQAGGSLRLSCAASGRTFS EPSGYTYTIG WFRQAPGKEREFVARIYWSSGLTYY
TNF15 EVQLVESGGGLVQPGGSLRLSCAASGRTFS EPSGYTYTIG WFRQAPGKGREFVARIYWSSGLTYY
TNF16 EVQLVESGGGLVQPGGSLRLSCAASGFTFS EPSGYTYTIG WFRQAPGKGREFVARIYWSSGLTYY
TNF17 EVQLVESGGGLVQPGGSLRLSCAASGRTFS EPSGYTYTIG WFRQAPGKGREFVARIYWSSGLTYY
TNF18 EVQLVESGGGLVQPGGSLRLSCAASGRTFS EPSGYTYTIG WFRQAPGKGREFVARIYWSSGLTYY
TNF19 EVQLVESGGGLVQPGGSLRLSCAASGRTFS EPSGYTYTIG WFRQAPGKGREFVARIYWSSGLTYY
Yeodok ok ok ok W Rk Kk Kk khkhkkhkhhhAhdrk **x*k * * * Kk ko k *  kk % * %
DP54 VDSVKG RFTISRDNAKNSLYLOMNSLRAEDTAVYYCAR ~ = - meem e WGQGTLVTVSS
(SEQ ID NO: 474 - continued)) _
TNF2 ADSVKG RFTISRDIAKNTVDLLMNSLKPEDTAVYYCAA RDGIPTSRSVGSYNY WGQGTQVTVSS
TNF15S ADSVKG RFTISRDIAKNTVDLOMNSLKPEDTAVYYCAA RDGIPTSRSVGSYNY WGQGTQVTVSS
TNF16 ADSVKG RFTISRDIAKNTVDLOMNSLKPEDTAVYYCAA RDGIPTSRSVGSYNY WGQGTQVTVSS
TNF17 ADSVKG RFTISRDNAKNTVDLQMNSLKPEDTAVYYCAA RDGIPTSRSVGSYNY WGQGTQVTVSS
TNF18 ADSVKG RFTISRDIAKNTVDLOMNSLRPEDTAVYYCAA RDGIPTSRSVGSYNY WGQGTQVTVSS
TNF19 ADSVKG RFTISRDIAKNTVDLOMNSLKPEDTAVYYCAA RDGIPTSRSVGSYNY WGQGTLVTVSS
khkhkhkdk Khkdkhkhkkk kokw d ok ok ok ok ok ok k Kk k% koKk * Ak kok ok okok ok ok
Figure 23
TNF3:
DP29 EVOLVESGGGLVQPGGSLRLSCAASGFTFS DHYMDWVRQAPGKGLEWVG RTRNKANSYTTEYAAS
(SEQ ID NO: 475)
TNF3 EVQLVESGGGLVQAGGSLSLSCSASGRSLS NYYMGWFRQAPGKERELLG NI--SWRGYNIYYKDS
TNF20 EVQLVESGGGLVQPGGSLRLSCAASGRSLS NYYMGWFRQAPGKGRELLG NI--SWRGYNIYYKDS
TNF21 EVQLVESGGGLVQPGGSLRLSCAASGFTES NYYMGWFRQAPGKGRELLG NI--SWRGYNIYYKDS
TNF22 EVOLVESGGGLVQPGGSLRLSCAASGRSLS NYYMGWFRQAPGKGRELLG NI--SWRGYNIYYKDS
TNF23 EVOLVESGGGLVQPGGSLRLSCAASGRSLS NYYMGWFRQAPGKGRELLG NI--SWRGYNIYYKDS
Wk ok fodohk K Kok kK Kk * Kk Kk * %k * Kk * * * * * Kok W R K * * * * *
DP29 VKG RFTISRDDSKNSLYLQMNSLKTEDTAVYYCAR- -« - - — e o _ WGQGTLVTVSS
{SEQ ID NO: 475 - continued)
TNF3 VKG RFTISRDDAKNTIYLOMNRLKPEDTAVYYCAA SILPLSDDPGWNTY WGQGTQVTVSS
TNF20 VKG RFTISRDDSKNTIYLOMNSLKPEDTAVYYCARA SILPLSDDPGWNTY WGQGTQVTVSS
TNF21 VKG RFTISRDDSKNTIYLQMNSLKPEDTAVYYCAA SILPLSDDPGWNTY WGQGTQVTVSS
TNF22 VKG RFTISRDDSKNTIYLQMNSLKTEDTAVYYCAA SILPLSDDPGWNTY WGQGTQVTVSS
TNF23 VKG RFTISRDDSKNTIYLQOMNSLKPEDTAVYYCAA SILPLSDDPGWNTY WGQGTLVTVSS
Aok kkkokddokk Kok kkdkokk kok kkokokokkkokk *oAk ok okkok ¥k

Figure 2
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A 2 2 e T L A ok k ok
RETISRDNAKNSLYLOMNSLRDEDTAVYYCAR —~————— WGQGTLVTVSS
RETISRDNAKNTLYLOMNSLRAEDTAVYYCAR —~~——- WGQGTLVTVSS

RETISRDNAKTTLYLQMNSLKPEDTAVYYCTI GGSLSR SSQGTQVTVSS
RETISRDNAKTTLYLOMNSLKPEDTAVYYCTI GGSLSR SSQGTQVTVSS
RFTISRDNAKTTLYLOMNSLKPEDTAVYYCTI GGSLSR SSQGTQVTVSS
RETISRDNAKTTLYLOMNSLKPEDTAVYYCTI GGSLSR SSQGTQVTVSS
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Figure 25

EVQLVESGGGLVQPGGSLRLSCAASGFTFS SYSMN WVRQAPGKGLEWVS YISSSSSTIYYADSVKG
EVQLVESGGGLVQPGGSLRLSCAASGFTFS SYWMH WVRQOAPGKGLVWVS RINSDGSSTSYADSVKG
AVQLVESGGGLVQPGNSLRLSCAASGFTFR SFGMS WVRQAPGKEPEWVS SISGSGSDTLYADSVKG
EVQLVESGGGLVOPGGSLRLSCAASGFTER SEGMS WVRQAPGKEPEWVS SISGSGSDTLYADSVKG
EVOLVESGGGLVQPGGSLRLSCAASGFTFS SFGMS WVRQAPGKEPEWVS SISGSGSDTLYADSVKG
EVQLVESGGGLVQPGGSLRLSCAASGFTFR SFGMS WVRQAPGKGLEWVS SISGSGSDTLYADSVKG
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1G5 WT and humanized versions versus human TNF (normalized data)
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TNF3:
DP29 EVQLVESGGGLVQPGGSLRLSCAASGFTFS DHYMD WVRQAPGKGLEWVG RTRNKANSYTTEYAAS
TNE3 EVQLVESGGGLVQAGGSLSLSCSASGRSLS NYYMG WFRQAPGKERELLG NI--SWRGYNIYYKDS
TNF20 EVQLVESGGGLVQPGGSLRLSCAASGRSLS NYYMG WEFRQAPGKGRELLG NI--SWRGYNIYYKDS
TNF21 EVQLVESGGGLVQPGGSLRLSCARASGETES NYYMG WFROAPGKGRELLG NI--SWRGYNIYYKDS
TNF22 EVQLVESGGGLVQPGGSLRLSCARSGRSLS NYYMG WFRQAPGKGRELLG NI--SWRGYNIYYKDS
TNF23 EVQLVESGGGLVQPGGSLRLSCAASGRSLS NYYMG WEFRQAPGKGRELLG NI--SWRGYNIYYKDS
TNF33 EVQLVESGGGLVQPGGSLRLSCAASGRSLS NYYMG WFRQAPGKGRELLG NI—-SWRGYNIYYKDS
i i i ebi b ei bb
DP29 VKG REFTISRDDSKNSLYLQMNSLKTEDTAVYYCAR ——==-—=cm——meee WGQGTLVTVSS
TNF3 VKG RETISRDDAKNTIYLQMNRLKPEDTAVYYCAA SILPLSDDPGWNTY WGQGTQVTVSS
TNF20 VKG RETISRDDSKNTIYLQMNSLKPEDTAVYYCAA SILPLSDDPGWNTY WGQGTQVTVSS
TNF21 VKG RFTISRDDSKNTIYLOMNSLKPEDTAVYYCAA SILPLSDDPGWNTY WGQGTQVTVSS
TNF22 VKG RFTISRDDSKNTIYLQMNSLKTEDTAVYYCAA SILPLSDDPGWNTY WGQGTQVTVSS
TNE23 VKG RFTISRDDSKNTIYLOMNSLKPEDTAVYYCAA SILPLSDDPGWNTY WGQGTLVTVSS
TNF33 VKG RETISRDDSKNTIYLOMNSLRPEDTAVYYCAR SILPLSDDPGWNTY WGQGTLVTVSS
e bb i ii b e
Figure 36
ALB1:
DP51 EVQLVESGGGLVQPGGSLRLSCAASGFTFS SYSMN WVRQAPGKGLEWVS YISSSSSTIYYADSVKG
DP53 EVQLVESGGGLVQPGGSLRLSCAASGFTFS SYWMH WVRQAPGKGLVWVS RINSDGSSTSYADSVKG
ALBl AVQLVESGGGLVQPGNSLRLSCAASGFTFR SFGMS WVRQAPGKEPEWVS STSGSGSDTLYADSVKG
ALB3 EVQLVESGGGLVQPGGSLRLSCAASGFTFR SFGMS WVRQAPGKEPEWVS SISGSGSDTLYADSVKG
ALB4 EVQLVESGGGLVQPGGSLRLSCBASGFTIFS SFGMS WVRQAPGKEPEWVS SISGSGSDTLYADSVKG
ALBS EVQLVESGGGLVQPGGSLRLSCAASGFTFR SFGMS WVRQAPGKGLEWVS SISGSGSDTLYADSVKG
ALB6 EVQLVESGGGLVQPGNSLRLSCAASGFTFR SFGMS WVRQAPGKGLEWVS SISGSGSDTLYADSVKG
ALB7 EVQLVESGGGLVQPGNSLRLSCAASGFTFR SFGMS WVRQAPGKGLEWVS SISGSGSDTLYADSVKG
ALBB EVQLVESGGGLVQPGNSLRLSCAASGFTFS SFGMS WVRQAPGKGLEWVS SISGSGSDTLYADSVKG
ALBS EVQLVESGGGLVQPGNSLRLSCRASGFTFS SFGMS WVRQAPGKGLEWVS SISGSGSDTLYADSVKG
ALB10 EVQLVESGGGLVQPGNSLRLSCRASGFTFS SFGMS WVROAPGKGLEWVS SISGSGSDTLYADSVKG
e i i ei
DP51 RFTISRDNAKNSLYLOMNSLRDEDTAVYYCAR ————-— WGQGTLVTVSS
DPS3 RETISRONAKNTLYLOMNSLRAEDTAVYYCAR —~———=m~— WGQGTLVTVSS
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