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Improved immunoglobulin variable domains

The present invention relates to improved heavy-chain immunoglobulin variable
domains.

The invention in particular refers to improved heavy-chain immunoglobutin variable
domains that either have an exposed C-terminal region or end (as further described herein; see
also WO 12/175741) or that are used in (or intended for use in) applications where they have
an exposed C-terminal region or end (again, as further described herein). Some preferred but
non-limiting examples of the former are immunoglobulin single variable domains (also
referred to herein as “ISV’s” or “ISVD’s”) such as Nanobodies (including VHH’s, humanized
VHH’s and camelized VH’s such as camelized human VH’s), (single domain) antibodies that
are VH domains or derived from VH domains, and dAb’s that are VH domains or derived
from VH domains. Some preferred but non-limiting examples of the latter are VH domains
that are used in (or intended for use in) single chain FV’s (ScFv’s) or diabodies.

The invention also relates to proteins, polypeptides and other constructs, molecules or
chemical entities that comprise or essentially consist of (one or more of) the improved heavy-
chain immunoglobulin variable domains of the invention as described herein; to methods for
expressing/producing the improved heavy-chain immunogiobulin variable domains of the
invention and/or for expressing/producing proteins, polypeptides and other constructs,
molecules or chemical entities comprising the same; to compositions and products (such as
pharmaceutical compositions and products) that comprise the improved heavy-chain
immunoglobulin variable domains of the invention and/or proteins, polypeptides and other
constructs, molecules or chemical entities comprising the same; to nucleotide sequence and
nucleic acids that encode the improved heavy-chain immunoglobulin variable domains of the
invention and/or that encode proteins or polypeptides comprising the same; and to uses (and
mn particular therapeutic, prophylactic and diagnostic uses) of the improved heavy-chain
immunoglobulin variable domains of the invention and of proteins, polypeptides and other
constructs, molecules or chemical entities comprising the same.

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

In the present application, the amino acid residues/positions in an immunogiobulin
heavy-chain variable domain will be indicated with the numbering according to Kabat. For
the sake of convenience, Figure 1 gives a table listing some of the amino acid positions that

will be specifically referred to herein and their numbering according to some alternative
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numbering systems {such as Aho and IMGT. Note: for the present description and claims,
Kabat numbering is decisive; other numbering systems are given for reference only).

Also, in the invention, an immunoglobulin variable domain is said to have “an
exposed C-terminal end or region” when it is not associated with or linked to a constant
domain (such as a Cyl domain). Reference is made to the relevant prior art cited herein.

In particular, as described in WO 12/175741, the C-terminal region {as this term is
also used herein) is part of a putative epitope on the ISV that also includes, among other
residues, the amino acid residue at position 14 (and the amino acid residues next/close to the
same in the amino acid sequence, such as positions 11, 13 and 15) and may also comprise the
amino acid residue at position 83 (and the amino acid residues next/close to the same in the
amino acid sequence, such as positions 82, 82a, 82b and 84) and/or the amino acid residue at
position 108 (and the amino acid residues next/close to the same in the amino acid sequence,
such as positions 107. As in WO 12/17574, this putative epitope is also collectively referred
to herein as the “C-terminal region”, it being understood that this C-terminal region at least
comprises the C terminal sequence VTVSS (i.e. each of positions 109, 110, 111, 112 and 113)
and the amino acid residue at position 14, and may also comprise the amino acid residues at
positions 83 and 108, and possibly also the amino acid residues at positions 13, 15, 82b, 83,
84 and 107.

As a result of research into single chain Fv's or "ScFv's" (which are constructs that
contain immunoglobulin variable domains that, similar to ISVD's, are not associated with
constant domains), it has been described in the art that the C-terminus of an immunoglobulin
variable domain contains a hydrophobic patch that in a conventional full-sized antibody is
buried in the interface between the variable domain and the constant domain but that becomes
solvent-exposed when the variable domain is not associated with a constant domain (see for
example Nieba et al., Protein Engineering, 10, 435-444 (1997) and Harmsen et al., Molecular
Immunology (2000}, 579-590).

It is also well known that epitopes that are usually buried within the structure of a
protein (also referred to as “neo-gpitopes™ or “cryptic epitopes”) may trigger the immune
system once they become solvent-exposed, for example due to degradation, misfolding or
aggregation of the protein involved. For example, in the case of buried hydrophobic portions
of biomolecules (so-called “hyppos™), it has been suggested that these form part of a general
damage-associated molecular pattern that leads to innate immune responses once the hyppos
become solvent-exposed (see for example Seong and Matzinger, Nature Reviews 2004, 469),

and various examples of previously-buried hydrophobic patches triggering immune responses
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have been described in the art (see for example David et al., JBC, 2001, 6370-6377; Matsuura
et al., International Immunology, 2000, 1183-1192; Rasheed et al., Life Sciences 79 (2000),
2320-2328). More generally, it is also known in the art that hydrophobic amino acids are
prone to be part of B-cell epitopes (see for example WO 11/07586, page 10; and Kolaskar,
FEBS 276, 172-174 (1990)). Similarly, it has been described that the hydrophobic patch at the
C-terminus of a heavy-chain variable domain (as described by Nieba et al. and Harmsen et al.,
supra) may form B-cell epitopes which can give rise to and/or interact with (emerging and/or
pre-existing) anti-drug antibodies (WO 11/07586). For this reason, it has been proposed to
make mutations to some of the amino acid residues that form part of the C-terminus of the
variable domains to reduce hydrophobicity and/or to remove B-cell epitopes. For example,
Nieba et al. suggest to mutate positions 11, 14, 41, 84, 87 and/or 89 of a VH region
(numbering according to Kabat), whereas in WO 11/07586 it is suggested to mutate positions
99, 101 and/or 148 (AHo numbering) of a VL domain or positions 12, 97, 98, 99, 103 and/or
144 of a VH domain (again AHo numbering - these positions correspond to positions 11, 83,
84, 85, 89 and 103 according to Kabat). Similarly, Harmsen et al. suggest to mutate positions
12 and 101 (IMGT numbering; these are positions 11 and 89 according to Kabat) to
compensate for the absence of a Cyl domain; and they also identify a specific subfamily of
VHH’s (called “VHH4’s™) that contain amino acids that are suitable candidates for
substitutions at these positions.

It has also been described in the art (see for example WO 12/175741 and the
references cited in the next paragraphs) that biological samples obtained from human subjects
may contain (pre-existing) proteins or factors that are capable of binding to the exposed C-
terminal region or end of an immunoglobulin variable domain (for example, the C-terminal
region or end of an ISVD or of a VH or VL domain in an ScFv or diabody).

For example, WO 2013/024059 states that “in sera from some healthy naive human
subjects, pre-existing anti-VH autoantibodies are present that can bind both VH domain
antibodies and VHH molecules, as well as anti-VI, (eg V kappa (VK)) autoantibodies that can
bind VL molecules.”, and that “the pre-existing ADAs that bind VH dAbs are similar to anti-
hinge antibodies in that they bind IgG fragments but not those same sequences found in situ
on intact IgG.”

Holland et al., J. Clin. Immunol. 2013, 33(7):1192-203 describe that the blood of
around half of normal healthy humans contain varying levels of a new class of anti-IgG
autoantibodies that can bind to the framework sequences of fully human Vy domain

antibodies (which Holland et al. also refer to as “HAVH auto-antibodies™). Holland et al.
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further mention that these auto-antibodies appear to be predominantly of the IgG isotype,
display a relatively high affinity (about 107°M) affinity for Vy sequences, and that a free C-
terminus appears to be important for the binding of these HAVH autoantibodies to Vi
domains.

The issues relating to pre-existing biotherapeutic-reactive antibodies against
biotherapeutic molecules and their regulatory impact are also generally discussed by Xue et
al., AAPS J. 2013; 15(3):852-5.

The aforementioned prior art has also focused on ways in which the sequence of an
immunoglobulin variable domain may be modified so as to prevent or reduce binding of such
pre-existing antibodies/factor(s) to the variable domains. In this respect, WO 2011/07586
suggests to make one or more mutations in the amino acid sequence of the variable domain at
some specific positions of the domain (which positions are surface-exposed). WO 12/175741
describes that the binding of such pre-existing antibodies/factors may be reduced by adding a
few amino acid residues (and as little as one alanine residue) to the C-terminal end of the VH-
domain and/or by making one or more specific substitutions or deletions within the C-
terminal region of the variable domain, which is described in WO 12/175741 as at least
comprising the C-terminal amino acid sequence VTVSS and the amino acid residue at
position 14 (for which position WO 12/175741 teaches that the presence of an alanine residue
provides for reduced binding of pre-existing antibodies as compared to the presence of the
“human” amino acid residue proline), and possibly also the amino acid residues at positions
108 and 83 and amino acid residues close to said positions (WO 2013/024059 provides
essentially the same teaching as WO 12/175741).

For example, in research performed by applicant/assignee leading up to the filing of
WO 12/175741, it has been found that adding a single alanine residue to the C-terminal region
or end of an exposed VH domain will usually prevent/remove (essentially all of) the binding
of pre-existing antibodies/factors that are present in samples obtained from most human
subjects {see for example page 62, lines 20-25 and page 57, line 30 to page 58, lines 3 of WO
12/175741) ; and these findings have been confirmed by additional results that were obtained
by applicant/assignee after the filing of WO 12/175741 when the C-terminal alanine
substitution of WQ 12/175741 was applied to other Nanobodies {data not shown).

Also, in WO 12/175741 as well as in WO 12/175400 by applicant/assignee, the C-
terminal extensions described in WO 12/175741 are applied to certain serum-albumin-binding

Nanobodies (see for example WO 12/175741: SEQ ID NO’s: 37, 51-53 and 55-64 and the
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constructs shown in SEQ ID NO’s: 41, 43 and 44; and WO 12/175400: SEQ ID NO’s: 6 to
11).

Figure 9 of WO 12/175741 also describes two albumin-binding sequences that are
used as reference sequences in the Experimental Part below. These are SEQ ID NO:37 from
Figure 9 of WO 12/175741 (also referred to herein as “Reference B”; its sequence is given
herein as SEQ ID NO: 45) and “SEQ 1D NO:37 withoul the added C-terminal amino acid
residues” from Figure 9 of WO 12/175741 (also referred to herein as “Reference 4™, its
sequence is given in SEQ 1D NO:44). Reference A and Reference B are both derived from the
sequence of the humanized anti-albumin Nanobody “4/b-8” that is given as SEQ ID NO:62 in
WO 06/122787 (and that is also referred to herein as “4[b-11""); but, compared to the
sequence of Alb-11, Reference A comprises an N-terminal His tag; and Reference B
comprises an N-terminal His tag and a C-terminal alanine residue. Reference A, Reference B
and Alb-8/Alb-11 all contain the CDRs given in SEQ ID NO’s: 41 to 43, respectively.

Other examples of Nanobodies and other immunoglobulin single variable domains that
have C-terminal extensions and/or mutations in the C-terminal region can for example be
found in the following prior art: WO 06/129843 (see for example SEQ ID NO’s: 4, 6, 8 and
10); WO 03/035695 (see for example some of the sequences listed on pages 61-64); Vu et al,,
Molecular Immunology, 1121-1131, 1997 (see for example some of the sequences listed in
Figure 2); WO 11/003622 (see for example the sequences given as SEQ 1D NO’s: 10 to 27);
WO09/058383 (see for example the sequence TAR2h-10-27 mentioned on page 51}, WO
10/042815 (see for example the sequences of SEQ ID NO’s: 15, 17, 27 and 30); and WO
04/044204 (see for example the sequences of SEQ ID NO’s: 31, 35, 37, 47 and 49).

Some of the references cited herein also give examples of ISVD sequences in which
the last C-terminal amino acid of the ISVD is an amino acid other than serine (S), for example
because the serine at position 113 has been replaced by another amino acid and/or because the
serine at position 113 has been deleted and a C-terminal amino acid has been added (in
practice, the end-result in terms of the C-terminal amino acid sequence will be the same).

Some of the references cited herein also give examples of Nanobodies and other
immunoglobulin single variable domains in which position 112 is an amino acid other than
serine. For example, WO 12/175741 describes Nanobodies in which position 112 is glycine
(G); Vu at al. (supra) describes Nanobodies in which position 112 is alanine (A) or isoleucine
(I); WO 13/024059 exemplifies a S112A substitution; and WO 08/020079 cited below

exemplifies an S112F substitution and also generally states that the Nanobodies described
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therein can contain a limited number of amino acid residues added at the carboxy-terminal
end of the amino acid sequence of the Nanobody.

In the research leading up to the present invention, after having established that adding
C-terminal extension (which may be as simple as a single C-terminal alanine residue, see
again WO 12/175741, Example 3) to the C-terminal region or end of a nanobody essentially
prevents/removes binding of pre-existing antibodies/factors in most samples of human
subjects/patients, it was investigated whether samples obtained from human subjects (healthy
volunteers and/or subjects suffering from a disease or disorder) possibly contain (other) pre-
existing antibodies or factors that can bind to the exposed C-terminal region of a nanobody
{or other VH domain) even when a C-terminal extension is present. In doing so, the present
inventors have found that, although essentially no such pre-existing antibodies binding to a C-
terminally extended VH domain can be found in the blood or serum of healthy volunteers or
in blood or serum obtained from human patients suffering from one of a number of different
diseases (including some inflammatory diseases or auto-immune disorders — data not shown),
some blood or serum samples that have been obtained from certain (but not all) human
subjects suffering from certain severe (auto-)immune disorders (such as systemic lupus
erythematosus; also abbreviated herein as “SLE”) appear to contain some pre-existing
antibodies/factors that can bind to nanobodies even when said nanobodies comprise a C-
terminal extension,

Thus, generally, the purpose of the present invention is to provide improved heavy-
chain immunoglobulin variable domains (and in particular improved heavy-chain ISVD’s and
more in particular improved nanobodies) that, when they have an exposed C-terminal region
or end, are less prone to be bound by pre-existing antibodies/factors, such as those found in
blood or serum samples obtained from human subjects.

In particular, the purpose of the present invention is to provide improved heavy-chain
immunoglobulin variable domains that, when they have an exposed C-terminal region or end,
are less prone to binding by pre-existing antibodies/factors (again, such as those found in
blood or serum samples obtained from human subjects) that can still bind to the exposed C-
terminal region or end of the heavy-chain variable domain when said domain comprises a C-
terminal extension (for example, as described in WO 12/175741, WO 13/024059 and the
further prior art cited herein).

As mentioned herein, such pre-existing antibodies that can bind to a heavy-chain
variable domain with a C-terminal extension have been found, by the present inventors, to be

present in blood or serum samples obtained from human subjects suffering from certain
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(auto-) immune diseases or disorders that severely impact/activate the immune system (such
as SLE).

Thus, more in particular, the purpose of the present invention is to provide improved
heavy-chain immunoglobulin variable domains (and in particular improved heavy-chain
ISVD’s and more in particular improved nanobodies) that, when they have an exposed C-
terminal region or end, are less prone to binding by pre-existing antibodies/factors, such as
those that are found in blood or serum samples obtained from human subjects suffering from
certain (auto-) immune diseases or disorders that severely impact/activate the immune system
(such as SLE).

Even more in particular, the purpose of the present invention is to provide improved
heavy-chain immunoglobulin variable domains {and in particular improved heavy-chain
ISVD’s and more in particular improved nanobodies) that, when they have an exposed C-
terminal region or end, are less prone to binding by those pre-existing antibodies/factors that
are found in blood or serum samples obtained from human subjects suffering from certain
(auto-) immune diseases or disorders and that can still bind to the exposed C-terminal region
ot end of the VH domain when the VH domain comprises a C-terminal extension.

It has now been found that the binding of pre-existing antibodies/factors to a heavy-
chain variable domain with an exposed C-terminal end can be (further) reduced by a mutation
of the serine at position 112 (Kabat numbering) to either lysine (K) or glutamine (Q). In
particular, it has been found that such an $112K or S112Q mutation can (further) reduce or
essentially prevent/remove binding of pre-existing antibodies/factors that can bind to a heavy-
chain variable domain that comprises a C-terminal extension (but no S112K or $112Q
mutation), such as those pre-existing antibodies/factors that are found in the blood or serum of
human subjects suffering from severe auto-immune disorders such as SLE.

It has also been found that introducing the specific mutations disclosed herein (and in
particular the following mutations L11V in combination with V89L, and optionally further in
combination with T110K) may improve, or contribute to a (further) improvement of, the
solubility of immunoglobulin single variable domains, such as the ISVD’s generally and
specifically disclosed herein (data not shown).

Thus, in a first aspect, the invention relates to an immunoglobulin heavy-chain
variable domain (VH domain) in which the amino acid residue at position 112 (Kabat
numbering) is either a lysine (K) residue or a glutamine (Q) residue. Such an immunoglobulin
heavy-chain variable domain is also referred to herein as a “VH domain of the invention™.

When a VH domain of the invention is an immunoglobulin single variable domain (as is
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preferred), it will also be referred to herein as an “ISVD of the invention”. Similarly, when the
VH domain of the invention is a Nanobody (as is even more preferred), it will also be referred
to herein as a “Nanobody of the invention™.

Generally, the VH domains of the invention either have an exposed C-terminal end or
region, and/or are present in a protein, polypeptide, compound, entity or construct in which
they have an exposed C-terminal end or region, and/or are intended for a use in which they
have an exposed C-terminal region (for example, for use in in a protein, polypeptide,
compound, entity or construct in which they are intended to form the C-terminal end or
region).

In one aspect of the invention, the VH domain of the invention is an (heavy-chain}
immunoglobulin single variable domain, meaning a heavy-chain variable domain that can
form a functional antigen binding site without interaction with a VL domain. For example, the
VH domain of the invention can be a Nanobody (including a VHH, a humanized VHH and/or
a camelized VHs such as camelized human VH’s), a (single) domain antibody that is a VH
domain or that is derived from a VH domain, or a dAb that is 24 VH domain or that is derived
from a VH domain. The VH domain of the invention is preferably a nanobody (e.g. a VHH
domain, a humanized VHH domain or a camelized VH domain such as a camelized human
VH domain).

According to another aspect of the invention, the VH domain of the invention can be a
heavy-chain variable domain that, in the protein, polypeptide, protein or construct in which is
it present, does require an interaction with a VL domain in order to form an antigen binding
site and that does have or form an exposed C-terminal end or region. For example, a VH
domain according to this aspect of the invention can be a VH domain that is present in and/or
used in an ScFv and or a diabody.

According to a more specific aspect of the invention, the VH domain of the invention
has a C-terminal sequence (positions 109 to 113 according to Kabat) that is VTVKS (SEQ ID
NO:1) or VTVQS (SEQ ID NO:2), or a sequence that has one amino acid difference (i.e. at
one of the positions 109, 110, 111 or 113) with either the sequence VTVKS and/or VTVQS
and that still has either a lysine (K) or glutamine (Q) at position 112.

Also, as further described herein, in one particularly preferred aspect of the invention,
the VH domain of the invention also contains a C-terminal extension (e.g. as described in WO
12/175741 and/or in WO 13/024059) at its C-terminal end (i.e. linked to the serine residue at
the end of the VI VKS-, VTVQS- or similar motif), in particular a C-terminal extension that

is as further defined herein. However, as also further described herein, it is also possible that
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the VTVKS-, VIVQS- or similar motif forms the C-terminal end of the VH domain (although
this will usually be less preferred) or that the VH domain of the invention is linked at its C-
terminal end (optionally via a suitable linker) to another amino acid sequence, moiety, domain
or binding unit. For example, when the VH domain of the invention is an ISVD, the VH
domain may be linked at its C-terminal end to another ISVD, optionally via a linker (and said
other ISVD may then also be a VH domain of the invention).

Overall, as is well known for immunoglobulin variable domains generally, the VH
domains of the invention will comprise 4 framework regions (FW1, FW2, FW3 and FW4)
and 3 CDR’s (CDR1, CDR2 and CDR3). As with immunoglobulin variable domains
generally, the sequence of the CDR’s will depend on the antigen/target(s) to which the VH
domains of the invention have been raised and/or are intended to bind. The framework
regions can generally be any suitable framework regions for VH domains (albeit that position
112 and/or position 8§89 will be as further described herein). If the VH domain of the invention
is an ISVD, the VH domain will have framework sequences that are suitable for an ISVD
(optionally in association with one or more of the CDR’s). For example, if the VH domain of
the invention is a Nanobody, the framework regions will generally contain a suitable number
of VHH hallmark residues (for which reference is for example made to WO 08/020079 and to
some of the other patent applications of applicant/assignee cited herein).

Thus, for example, when the VH domains of the invention are Nanobodies, said
Nanobodies of the invention can contain one or more of the “Hallmark residues™ that are
characteristic of VHH’s/Nanobodies (e.g. at positions 11, 37, 44, 45, 47, 83, 84, 103, 104
and/or 108; see for example Tables A-3 and A-5 to A-8 of WO 08/020079 ); one or more
other amino acid residues that can be present in VHH’s/Nanobodies (such as one or more
humanizing substitutions that are known per se for VHH’s and Nanobodies; reference is for
example made to the teaching in WO 08/020079; see again the previously mentioned Tables
A-3 and A-5 to A-8) and/or one or more other suitable amino acid residues or substitutions for
VHH’s/Nanobodies; or any suitable combination of such amino acid residues/substitutions.

Nanobodies of the invention in which position 112 is K or Q (i.e. with or without a C-
terminal extension) preferably contain an amino acid at position 11 that is chosen from
L (the most often occuring amino acid residue in VHH’s), E, K, M, S, V,W or Y; more
preferably from L, E, K, V or Y, and even more preferably from L, K or V (with V being
most preferred). For example and without limitation, compared to the leucine residue that
most often occurs in VHH’s, they can contain an L11K or L11V mutation. They can alse, but

without limitation, for example contain a Q1081 mutation (a well-known humanizing
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substitution for VHH’s/Nanobodies). Other amino acid residues that can be present (again,
without limitation, and for example other amino acid residues that naturally occur at this
position in human VH’s or VHH’s may also be present at these positions) are for example one
or more of an alanine (A) at position 14 (which is a very frequently occurring amino acid
residue at this position in naturally occurring VHH’s), a proline at position 14 (which is the
most common amino acid at this position in human VH domains), as well as the mutations
suggested by Harmsen et al. (in particular, those that Harmsen et al suggest based on the
sequence of VHH4-class VHH's, such as V89M or V89T) and/or (other) mutations at the
positions suggested by Nieba (for example, at one or more of positions 11, 87 and/or 89, see
Nieba, page 437, right hand column). Another suitable mutation is for example T110K or
T110Q. Also: (i) position 41 may for example be one of the amino acid residues (i.e. human
VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO 08/020079 for
position 41 and may in particular be (or be chosen from) proline (P), serine (8), threonine (T),
alanine (A) or leucine (L), which are some of the amino acid residues that most frequently
occur at this position in either humans or llamas, and may more in particular be either proline
(P) or alanine (A); and/or (ii) Also, position 42 may for example be one of the amino acid
residues (i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of
WO 08/020079 for position 42 and may in particular be (or be chosen from) glycine (G) or
glutamic acid (E); and/or (ii1) position 87 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of WO
08/020079 for position 87 and may in particular be (or be chosen from) threonine (T) or
alanine (A)

According to a more specific aspect of the invention, a VH domain of the invention

{which is as further described herein) has a framework 4 (FW4 sequence) that is either:

a) is one of the FW4 sequences of SEQ ID NO’s: 3 to 20 mentioned in Table 1 below
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Table 1: FW4 sequences

WGQGTQVTVKS (SEQ ID NO:3)

WGKGTLVTVKS (SEQ ID NO:4)

RGQGTRVTVKS (SEQ ID NO:5)

WGLGTQVTISS (SEQ ID NO:6)

GSQGTQVTVKS (SEQ ID NO:7)

LRGGTQVTVKS (SEQ ID NO:8)

RGQGTLVTVKS (SEQ ID NO:9)

RSRGIQVTVKS (SEQ ID NO:10)

WGKGTQVTVKS (SEQ ID NO:11)

WGQGTQVTVQS (SEQ ID NO:12)

WGKGTLVTVQS (SEQ ID NO:13)

RGQGTRVTVQS (SEQ ID NO:14)

WGLGTQVTISS (SEQ ID NO:15)

GSQGTQVTVQS (SEQ ID NO:16)

LRGGTQVTVQS (SEQ ID NO:17)

RGQGTLVTVQS (SEQ ID NO:18)

RSRGIQVTVQS (SEQID NO:19)

WGKGTQVTVQS (SEQ ID NO:20)

or:

b)

is a sequence that has no more than three, preferably no more than two amino acid
differences with at least one of the FW4 sequences of SEQ ID NO’s 3 to 20, in which (i)
the amino acid residue at the position corresponding to position 112 of the Kabat
numbering is either K or Q; and in which (ii} the amino acid residue at the position
corresponding to position 103 of the Kabat numbering is preferably W or R; (iii) the
amino acid residue at the position corresponding to position 104 of the Kabat numbering
is preferably G; (iv) the amino acid residue at the position corresponding to position 106
of the Kabat numbering is preferably G; (v) the amino acid residue at the position
corresponding to position 107 of the Kabat numbering is preferably T; (vi) the amino acid
residue at the position corresponding to position 108 of the Kabat numbering is preferably
Q or L (and in humanized nanobodies preferably L); (vii) the amino acid residue at the

position corresponding to position 109 of the Kabat numbering is preferably V; (viii) the
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amino acid residue at the position corresponding to position 110 of the Kabat numbering
1s preferably T (or alternatively may be K or Q); (ix) the amino acid residue at the position
corresponding to position 111 of the Kabat numbering is preferably V. Table 2 below
gives some non-limiting examples of amino acid residues that can be present at the

different positions (numbered according to Kabat) of such FW4 sequences.

Table 2: Examples of amino acid residues that can be present in the FW4 sequences of

the VH domains of the invention.

Pos. | Amino acid residue(s):

103  W.R,G, S, K,A,M,Y,L,F, T,N, V, Q, P, E, C; preferably W

104 | G,A,S,T,D,P,N,E, C, L; preferably G

105 | QK HRPELTNSVAMG

106 | G,R,E

107 | T,Q,LA,S,N,R,V,D

108  Q,L,R,P,E,K,S, T, M, A, H; preferably Qor L

109 {V,LLL

110 | T,S,N,A,LF, K, Q

111 [V,L A

112 | K or @ (invention)

113 lS’T’ ALPFEYV

Preferably, the VH domain of the invention has a framework 4 (FW4 sequence) that is

cither:

a} WGQGTQVTVKS (SEQ ID NO:3) or WGQGTQVTVQS (SEQ ID NO:12); or

b) a sequence that has no more than three, preferably no more than two amino acid
differences (such as only one amino acid difference) with SEQ ID NO:3 and/or SEQ ID
NO: 12, in which (i) the amino acid residue at the position corresponding to position 112
of the Kabat numbering is either K or Q; and in which (ii) the amino acid residue at the
position corresponding to position 103 of the Kabat numbering is preferably W or R; (iii)
the amino acid residue at the position corresponding to position 104 of the Kabat
numbering is preferably G; (iv) the amino acid residue at the position corresponding to
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position 106 of the Kabat numbering is preferably G; (v) the amino acid residue at the
position corresponding to position 107 of the Kabat numbering is preferably T; (vi) the
amino acid residue at the position corresponding to position 108 of the Kabat numbering
is preferably Q or L (and in humanized nanobodies preferably L); (vii) the amino acid
residue at the position corresponding to position 109 of the Kabat numbering is preferably
V; (vii1) the amino acid residue at the position corresponding to position 110 of the Kabat
numbering is preferably T (or alternatively may be K or Q); (ix) the amino acid residue at
the position corresponding to position 111 of the Kabat numbering is preferably V. Again,
Table 2 gives some non-limiting examples of amino acid residues that can be present at

the different positions (numbered according to Kabat) of such FW4 sequences.

As described further herein, according to a preferred aspect of the invention, VH
domains of the invention that comprise a FW4 sequence as described above preferably also
contains a C-terminal extension (as further described herein). However, as also further
described herein, it is also possible that the FW4 sequence forms the C-terminal end of the
VH domain (although this will usually be less preferred) or that the VH domain of the
invention is linked at its C-terminal end (optionally via a suitable linker) to another amino
acid sequence, moiety, domain or binding unit. For example, when the VH domain of the
invention is an ISVD, the VH domain may be linked at its C-terminal end to another ISVD,
optionally via a linker (and said other ISVD may then also be a VH domain of the invention).

As indicated herein, according to a preferred but non-limiting aspect of the invention,
the VH domains of the invention contain a C-terminal extension, such as a C-terminal
extension that is as described in WO 12/175741 and/or in WO 13/024059, and in particular as
described in WO 12/175741

Thus, according to this aspect, the VH domain of the invention is an immunoglobulin
heavy-chain variable domain (VH domain) in which: (i) the amino acid residue at position
112 (Kabat numbering) is not a serine residue, and is preferably either a lysine (K) residue or
a glutamine (Q) residue; and that (i1) at its C-terminal end (i.c. linked to the amino acid
residue at position that is or corresponds to position 113 according to the Kabat numbering) is
linked to a further amino acid sequence (i.e. the “C-terminal extension”) that comprises
between 1 and 5 (such as 1, 2, 3, 4 or 5, and preferably 1, 2 or 3, and most preferably only 1
or 2 such as only 1) amino acid residues that are each independently chosen from suitable
amino acid residues, and preferably each independently chosen from naturally occurring

amino acids, and more preferably each independently chosen from the group consisting of
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alanine (A), glycine (G), valine (V), leucine (L) or isoleucine (I) (however, as can be seen
from the data presented in WO 12/17574, other amino acid residues such as serine, proline,
threonine and/or lysine can also be used as part of the C-terminal extension).

In particular, according to this aspect of the invention, the VH domain of the invention
preferably has a C-terminal sequence that is VTVKS(X), {SEQ ID NO:21) or VTVQS(X),
(SEQ ID NO:22) (or that is an amino acid sequence that, at the positions of the VTVKS motif
or the VI'VQS-motif, has one amino acid difference with either the sequence VIVKS and/or
VTVQS and that still has either a lysine (K) or glutamine (Q) at position 112), in which (1) the
amino acid residues of the VIVKS- or VTVQS-motif (or VTVKS- or VTV(QS-like motif)
correspond to positions 109 to 113 of the VH domain according to the Kabat numbering; (ii) n
is 1 to 10, preferably 1 to 5, such as 1, 2,3, 4 or 5 (and preferably 1 or 2, such as 1); and (1i1)
each X is an (preferably naturally occurring) amino acid residue that is independently chosen,
and preferably independently chosen from the group consisting of alanine {A), glycine (G),
valine (V), leucine (L)) or isoleucine (I).

More in particular, according to this aspect of the invention, the VH domain of the
invention may have, as its FW4 sequence, one of the FW4 sequences of SEQ ID NO’s 3 to 20
(or an amino sequence that has no more than three, preferably no more than two amino acid
differences with at least one of the FW4 sequences of SEQ ID NO’s 3 to 20, in which the
amino acid residue at the position corresponding to position 112 of the Kabat numbering is
either K or Q), in which said FW 4 sequence is linked, at its C-terminal end, to a C-terminal
extension (X)y,, in which nis | to 10, preferably 1 to 5, such as 1, 2, 3, 4 or 5 (and preferably
1 or 2, such as 1); and each X is an (preferably naturally occurring) amino acid residue that is
independently chosen, and preferably independently chosen from the group consisting of
alanine (A), glycine (G), valine (V), leucine (L) or isoleucine (I).

Accordingly, in this aspect of the invention, a VH domain of the invention may have,

at its C-terminal end, either:

a) one of the amino acid sequences given as SEQ 1D NO’s: 23 to 40 in Table 3;
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Table 3: FW4 sequences with C-terminal extension

WGQGTQVTVKS(X), (SEQ ID NO:23)

WGKGTLVTVKS(X), (SEQ ID NO:24)

RGQGTRVTVKS(X), (SEQ ID NO:25)

WGLGTQVTISS(X), (SEQ ID NO:26)

GSQGTQVTVKS(X), (SEQ ID NO27)

LRGGTQVTVKS(X)s (SEQ ID NO:28)

RGQGTLVTVKS(X)s (SEQ ID NO:29)

RSRGIQVTVKS(X), (SEQ ID NO:30)

WGKGTQVTVKS(X)s (SEQ ID NO:31)

WGQGTQVTVQS(X), (SEQ ID NO:32)

WGKGTLVTVQS(X), (SEQ ID NO:33)

RGQGTRVTVQS(X), (SEQ ID NO:34)

WGLGTQVTISS(X), (SEQ ID NO:35)

GSQGTQVTVQS(X), (SEQ ID NO:36)

LRGGTQVTVQS(X), (SEQ ID NO:37)

RGQGTLVTVQS(X), (SEQ ID NO:38)

RSRGIQVTVQS(X), (SEQ ID NO:39)

WGKGTQVTVQS(X). (SEQ ID NO:40)

b)

in which (i) the amino acid residues of the FW4 sequences that precede the (X), C-
terminal extension in SEQ ID NO’s: 23 to 40 correspond to the amino acid positions of
FW4 of a VH domain (i.e. positions 103 to 113 according to the Kabat numbering); (ii) n
is 1 to 10, preferably 1 to 5, such as 1, 2, 3, 4 or 5 (and preferably 1 or 2, such as 1); and
(iii) each X is an (preferably naturally occurring) amino acid residue that is independently
chosen, and preferably independently chosen from the group consisting of alanine (A),

glycine (G), valine (V), leucine (L) or isoleucine (1); or

an amino acid sequence that has no more than three, preferably no more than two, amino
acid differences with at least one of the amino acid sequences SEQ ID NO’s 23 1o 40 (in
which said amino acid differences are at the positions that correspond to the amino acid
positions of FW4 of a VH domain, i.e. at positions 103 to 113 according to the Kabat
numbering, with any amino acid differences within the C-terminal extension (X), being

disregarded), in which: (i) the amino acid residue at the position corresponding to position
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112 of the Kabat numbering is either K or Q; (ii) nis 1 to 10, preferably 1 to 5, such as 1,
2, 3, 4 or 5 (and preferably 1 or 2, such as 1); and (iii) each X is an (preferably naturally
occurring) amino acid residue that is independently chosen, and preferably independently
chosen from the group consisting of alanine (A), glycine (G), valine (V), leucine (L) or
isoleucine (I). Again, further to features (i) to (iii) as mentioned in the previous sentence,
in such an amino acid sequence: (iv) the amino acid residue at the position corresponding
to position 103 of the Kabat numbering is preferably W or R; (v) the amino acid residue at
the position corresponding to position 104 of the Kabat numbering is preferably G; (vi)
the amino acid residue at the position corresponding to position 106 of the Kabat
numbering is preferably G; (vii) the amino acid residue at the position corresponding to
position 107 of the Kabat numbering is preferably T; (viii) the amino acid residue at the
position corresponding to position 108 of the Kabat numbering is preferably Q or L (and
in humanized nanobodies preferably L); (ix) the amino acid residue at the position
corresponding to position 109 of the Kabat numbering is preferably V; (x) the amino acid
residue at the position corresponding to position 110 of the Kabat numbering is preferably
T (or alternatively may be K or Q); (xi) the amino acid residue at the position
corresponding to position 111 of the Kabat numbering is preferably V; and reference is
again made to the Table 2 for possible amino acid residues that can be present at each

position.

Preferably, according to this aspect of the invention, a VH domain of the invention

has, at its C-terminal end, either:

a)

b)

an amino acid sequence that is WGQGTQVTVKS(X), (SEQ ID NO:23) or
WGQGTQVTVQS(X), (SEQ ID NO:32), in which (ii) nis 1 to 10, preferably 1 to 5,
such as 1,2, 3, 4 or 5 (and preferably 1 or 2, such as 1); and (iit) each X is an (preferably
naturally occurring) amino acid residue that is independently chosen, and preferably
independently chosen from the group consisting of alanine (A), glycine (G), valine (V),
leucine (L} or isoleucine (I); or

an amino acid sequence that has no more than three, preferably no more than two, amino
acid differences with at least one of the amino acid sequences WGQGTQVTVKS(X),
(SEQ ID NO:23) or WGQGTQVTVQS(X), (SEQ ID NO:32) (in which said amino acid
differences are at the positions that correspond to the amino acid positions of FW4 of a
VH domain, i.e. at positions 103 to 113 according to the Kabat numbering, with any

amino acid differences within the C-terminal extension (X), being disregarded), in which:
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(1) the amino acid residue at the position corresponding to position 112 of the Kabat
numbering is either K or Q; (1) nis 1 to 10, preferably 1 to 5, such as 1,2, 3,4 or 5 (and
preferably 1 or 2, such as 1); and (ii1) each X is an {preferably naturally occurring) amino
acid residue that is independently chosen, and preferably independently chosen from the
group consisting of alanine (A), glycine (G), valine (V), leucine (L) or isoleucine (I).
Again, for such amino acid sequences, features (vi) to (xi) as described in the preceding

paragraphs preferably also apply.

Also, as mentioned herein, the VH domains of the invention can also contain other
amino acid residues or substitutions that are known per se in the art for VH domains and in
particular for ISVD’s (and more in particular for Nanobodies) at the relevant positions. Some
non-limiting examples may be as mentioned herein and for example include one or more of
the “Hallmark residues” that are characteristic of VHH’s/Nanobodies (including for example
a leucine (L) at position 11}, other amino acid residues that naturally occur in VHH’s (such as
an alanine (A) at position 14), humanizing substitutions known per se for VHH’s/Nanobodies
(such as Q108L and A14P), one or more of the mutations suggested by Harmsen (such as
V89M or V8IT) and/or at the positions suggested by Nieba (e.g. 11, 87 or 89); or any suitable
combination thereof; and/or for example a T110K, T110Q or V89L mutation.

When a VH domain of the invention contains a C-terminal extension {X),, according to
some preferred, but non-limiting examples of such extensions, X and n can be as follows:

(a) n=1and X = Ala;

(b) n=2 and each X = Ala;

(c) n=13 and each X = Ala;

(d) n=2 and at least one X = Ala (with the remaining amino acid residue(s) X being
independently chosen from any naturally occurring amino acid but preferably being
independently chosen from Val, Leu and/or lle);

(e) n =3 and at least one X = Ala (with the remaining amino acid residue(s) X being
independently chosen from any naturally occurring amino acid but preferably being
independently chosen from Val, Leu and/or Ile),

(f) n =3 and at least two X = Ala (with the remaining amino acid residue(s) X being
independently chosen from any naturally occurring amino acid but preferably being
independently chosen from Val, Leu and/or Ile);

(g) n=1and X =QGly,

(h) n =2 and each X = Gly;
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(i) n=3 and each X = Gly;

(j) n=2 and at least one X = Gly (with the remaining amino acid residue(s) X being
independently chosen from any naturally occurring amino acid but preferably being
independently chosen from Val, Leu and/or lie);

(k) n=3 and at least one X = Gly (with the remaining amino acid residue(s) X being
independently chosen from any naturally occurring amino acid but preferably being
independently chosen from Val, Leu and/or Ile);

(I) n=3 and at least two X = Gly (with the remaining amino acid residue(s) X being
independently chosen from any naturally occurring amino acid but preferably being
independently chosen from Val, Leu and/or Ile);

(m) n= 2 and each X = Ala or Gly;

{n) n=3 and each X = Ala or Gly;

(0) n =3 and at least one X = Ala or Gly (with the remaining amino acid residue(s) X being
independently chosen from any naturally occurring amino acid but preferably being
independently chosen from Val, Leu and/or lle); or

(p) n =3 and at least two X = Ala or Gly (with the remaining amino acid residue(s) X being
independently chosen from any naturally occurring amino acid but preferably being
independently chosen from Val, Leu and/or Ile);

with aspects (a), (b), (c), (g), (h), (i), (m) and (n) being particularly preferred, with aspects in

which n =1 or 2 being preferred and aspects in which n = 1 being particularly preferred.

It should also be noted that, preferably, any C-terminal extension present in a VH
domain of the invention does not contain a (free) cysteine residue (unless said cysteine
residue is used or intended for further functionalization, for example for pegylation).

Also, the preferences that are indicated on pages 35 to 41 of WO 12/175741 for the C-
terminal extensions used according to WO 12/175741 (which are also the preferred C-
terminal extensions used in the VH domains according to the present invention) also apply to
the C-terminal extensions used in the VH domains of the inventions, and these preferences
according to WO 12/175741 are also included herein by reference.

Preferably, when a VH domain of the invention contains a C-terminal extension (X),,
n=1,2 or 3, and each X is either Ala of Gly. More preferably, each X is Ala, and n=1 or 2,
and preferably 1.

When the VH domains of the invention contain a C-terminal extension, they will
usually be present at (and often form) the C-terminal end of the protein, polypeptide,

compound, construct or other chemical entity in which it is present. Again, such a protein,
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polypeptide, compound, construct or other chemical entity may contain one or more other VH
domains of the invention (i.e. not at the C-terminal end); in such a case, said other VH
domains of the invention will contain a lysine (K) or glutamine (Q) at position 112 (and be as
further described herein), but will not contain a C-terminal extension (instead, they may be
linked (optionally via one or more suitable linkers) at their C-terminus to one or more other
amino acid sequences, moieties, binding domains or binding units present in the protein,
polypeptide, compound, construct or other chemical entity, such as the VH domain of the
invention with the C-terminal extension that is present at the C-terminal end).

As the VH domains of the invention (and the proteins, polypeptides, compounds,
constructs and other chemical entities comprising the same as further described herein) are
particularly useful in (and intended for) use pharmaceutical uses {(such as the prevention,
treatment and/or diagnosis of diseases and disorders in human subjects in need of the same),
they preferably have a high degree of sequence homology in their framework regions with the
framework sequences of human VH domains. In particular, the VH domains of the invention
preferably have an overall degree of sequence identity (determined as further described
herein, and taking into account only the framework regions and not the CDR’s, and also not
taking into account the substitution at position 112 and any C-terminal extension if present)
with at least one human germline sequence (such as DP-47, DP-51 or DP-29) of at least 80%,
preferably at least 85%, such as 90% or more. More in particular, the VH domains of the
invention preferably have an overall degree of sequence identity (determined as further
described herein, and taking into account only the framework regions and not the CDR’s, and
also not taking into account the substitution at position 112 and any C-terminal extension if
present) of at least 80%, preferably at least 85%, such as 90% or more with at least one of the
following human germline sequences: DP-47, DP-51 and/or DP-29.

As further described herein, according to one aspect of the invention, the VH domain
of the invention can be a heavy-chain variable domain that, in the protein, polypeptide,
protein or construct in which is it present, interacts/associates (or is intended to
interact/associate) with a VL domain in order to form an antigen binding site, in which at least
the VH domain has an exposed C-terminal end or region. For example, a VH domain
according to this aspect of the invention can be a VH domain that is present and/or used in an
ScFv and or a diabody, where it will associate with a VL domain to form an antigen binding
site.

However, according to a preferred aspect of the invention, the VH domain of the

invention is an (heavy-chain) immunoglobulin single variable domain or “ISVD”, meaning a
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heavy-chain variable domain that can form a functional antigen binding site without

interaction with a VL domain. For example, the VH domain of the invention can be a

Nanobody (including a VHH, a humanized VHH and/or a camelized VHs such as camelized

human VH’s), a (single domain) antibody is a VH domain or that is derived from a VH

domain, or a dAb that is a VH domain or that is derived from a VH domain. The VH domain

of the invention is preferably a nanobody (and more preferably VHH domain, a humanized

VHH domain or a camelized VH domain such as a camelized human VH domain).

In the present specification:

the term “Nanobody” is generally as defined in or WO 08/020079 or WO 09/138519, and
thus in a specific aspect generally denotes a VHH, a humanized VHH or a camelized VH
{such as a camelized human VH) or generally a sequence optimized VHH (such as e.g.
optimized for chemical stability and/or solubility, maximum overlap with known human
framework regions and maximum expression). It is noted that the terms Nanobody or
Nanobodies are registered trademarks of Ablynx N.V. and thus may also be referred to as
Nanobody® and/or Nanobodies®);

the term “ISVD” (or “ISV™) as used herein in its broadest sense also includes “ISVD-
based biologicals” and, when the ISVD is a Nanobody, “Nanobody-based biologicals™.
An “ISVD-based biological” is defined herein as a protein, polypeptide or other biological
drug that comprises or essentially consist of at least one (such as one, two or three)
ISVD’s. Similarly, a “Nanobody-based biological” is defined as a protein, polypeptide or
other biological drug that comprises or essentially consist of at least one (such as one, two
or three) Nanobodies. As with the term “ISVD”, whenever the term “ISVD-based
biological” is used, it should be understood that such an ISVD-based biological is
preferably a Nanobody-based biological. Within the context of the present invention, both
an “ISVD-based biological” and a “Nanobody-based biological” may for example be a
monovalent, bivalent (or muitivalent), bispecific (or multispecific), and biparatopic (or
“multiparatopic) ISVD construct or Nanobody construct, respectively. Also, any ISVD-
based or Nanobody-based biological may for example, in addition to the one or more
(such as one, two or three) ISVD’s or Nanobodies, optionally further comprise one or
more (such as one or two) other further therapeutic moieties and/or one or more (such as
one or two) other moieties that influence the pharmacokinetic or pharmacodynamic
properties of the ISVD-based or Nanobody-based biclogical (such as its half-life).

Suitable examples of such further therapeutic or other moieties will be clear to the skilled
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person, and for example generally can include any therapeutically active protein,
polypeptide or other binding domain or binding unit, as well as for example modifications
such as those described on pages 149 to 152 of WO 09/138159. An ISVD-based
biological or Nanobody-based biological is preferably a therapeutic or intended for use as
a therapeutic (which includes prophylaxis and diagnosis) and for this purpose preferably
contains at least one ISVD against a therapeutically relevant target (such as for example
RANK-L, vWF, IgE, RSV, CXCR4, IL-23 or other nterleukins, etc.). For some specific
but non-limiting examples of such ISVD-based or Nanobody-based biologicals, reference
is to Examples 8§ to 18 and also for example made to the vartous applications by Ablynx
N.V. (such as for example and without limitation WO 2004/062551, WO 2006/122825,
WO 2008/020079 and WO 2009/068627), as well as for example (and without limitation)
to applications such as WO 06/038027, WO 06/059108, WO 07/063308, WO 07/063311,
WO 07/066016 and WO 07/085814. Also, as further described herein, an ISVD or
Nanobody as described herein may be directed against a (human) serum protein such as
(human) serum albumin, and such an ISVD or Nanobody may also find therapeutic uses,
in particular in and/or for extending the half-life of therapeutic moieties and compounds
{such as in or for the ISV-based biologicals described herein). Reference is for example
made to WO 2004/041865, WO 2006/122787 and WO 2012/175400, which generally
describe the use of serum-albumin binding nanobodies for half-life extension. Also, in the
present specification, unless explicitly mentioned otherwise herein, all terms mentioned
herein have the meaning given in WO 09/138519 (or in the prior art cited in WO
09/138519) or WO 08/020079 (or in the prior art cited in WO 08/020079). Also, where a
method or technique is not specifically described herein, it can be performed as described
in WO 09/138519 (or in the prior art cited in WO 09/138519) or WO 08/020079 (or in the
prior art cited in WO 08/020079).

Also, when used in the present specification or claims, the following terms have the
same meaning as given on, and/or where applicable can be determined in the manner

described in, pages 62-75 of WO 09/138519: “agonist™, “antagonist”, “inverse agonist”,

EE I 1Y 2% e

“non-polar, uncharged amino acid residue”, “polar uncharged amino acid residue”, “polar,

LR R

charged amino acid residue”, “sequence identity”, “exactly the same” and “amino acid

difference” (when referring to a sequence comparison of two amino acid sequences), “(in)

- 11

essentially isolated (form)”, “domain”, “binding domain”, “antigenic determinant”

3T Le

Sepitope”, “against” or “directed against” (an antigen),“specificity” and “half-life”. In
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addition, the terms “modulating” and “to modulate”, “interaction site”, “specific for”, “cross-
block”, “cross-blocked” and “cross-blocking” and “essentially independent of the pH™ are as
defined on (and/or can be determined as described on) pages 74-79 of WO 10/130832 of
applicant. Also, when referring to a construct, compound, protein or polypeptide of the
mvention, terms like “monovalent”, “bivalent” (or “multivalent™), “bispecific” (or
“multispecific”), and “biparatopic” (or “multiparatopic’’) may have the meaning given in WO
09/138.519, WO 10/130832 or WO 08/020079.

The term “half-life” as used herein relation to an ISVD, Nanobody, ISVD-based
biological, Nanobody-based biological or any other amino acid sequence, compound or
pelypeptide referred to herein can generally be defined as described in paragraph o) on page
57 of WO 08/020079 and as mentioned therein refers to the time taken for the serum
concentration of the amino acid sequence, compound or polypeptide to be reduced by 50%, in
vivo, for example due to degradation of the sequence or compound and/or clearance or
sequestration of the sequence or compound by natural mechanisms. The in vivo half-life of an
amino acid sequence, compound or polypeptide of the invention can be determined in any
manner known per se, such as by pharmacokinetic analysis. Suitable techniques will be clear
to the person skilled in the art, and may for example generally be as described in paragraph o)
on page 57 of WO 08/020079. As also mentioned in paragraph o) on page 57 of WO
08/020079, the half-life can be expressed using parameters such as the t1/2-alpha, t1/2-beta
and the area under the curve (AUC). In this respect it should be noted that the term “half-life”
as used herein in particular refers to the t1/2-beta or terminal half-life (in which the t1/2-alpha
and/or the AUC or both may be kept out of considerations). Reference is for example made to
the Experimental Part below, as well as to the standard handbooks, such as Kenneth, A et al:
Chemical Stability of Pharmaceuticals: A Handbook for Pharmacists and Peters et al,
Pharmacokinete analysis: A Practical Approach (1996). Reference is also made to
"Pharmacokinetics", M Gibaldi & D Perron, published by Marcel Dekker, 2nd Rev. edition
(1982). Similarly, the terms “increase n half-life” or “increased half-life” as also as defined in
paragraph o) on page 57 of WO 08/020079 and in particular refer to an increase in the t1/2-
beta, etther with or without an increase in the t1/2-alpha and/or the AUC or both.

When a term is not specifically defined herein, it has its 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 biclogy", Green Publishing and Wiley Interscience, New York (1987);
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Lewin, “Genes I, 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 et al., “Immunology” (6th. Ed.),
Mosby/Elsevier, Edinburgh (2001); Roitt et al., Roitt’s Essential Immunology, 10th 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.

Also, as already indicated herein, the amino acid residues of a Nanobody are
numbered according to the general numbering for VH domains given by Kabat et al.
(“Sequence of proteins of immunological interest”, US Public Health Services, NTH Bethesda,
MD, Publication No. 91), as applied to VHH domains from Camelids in the article of
Riechmann and Muyldermans, J. lmmunol. Methods 2000 Jun 23; 240 (1-2): 185-195; or
referred to herein. According to this numbering, FR1 of a Nanobody comprises the amino
acid residues at positions 1-30, CDR1 of a Nanobody comprises the amino acid residues at
positions 31-35, FR2 of a Nanobody comprises the amino acids at positions 36-49, CDR2 of'a
Nanobody comprises the amino acid residues at positions 50-65, FR3 of a Nanobody
comprises the amino acid residues at positions 66-94, CDR3 of a Nanobody comprises the
amino acid residues at positions 95-102, and FR4 of a Nanobody comprises the amino acid
residues at positions 103-113. [In this respect, it should be noted that - as is well known in the
art for VH domains and for VHH 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 sequence may contain
more amino acid residues than the number allowed for by the Kabat numbering). This means
that, generally, the numbering according to Kabat may or may not correspond to the actual
numbering of the amino acid residues in the actual sequence. Generally, however, it can be
said that, according to the numbering of Kabat and irrespective of the number of amino acid
residues in the CDR’s, position 1 according to the Kabat 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 VH domains, which

methods can also be applied in an analogous manner to VHH domains from Camelids and to
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Nanobodies, are the method described by Chothia et al. (Nature 342, 877-883 (1989)), the so-
called “AbM defimtion” and the so-called “contact definition”. However, in the present
description, aspects and figures, the numbering according to Kabat as applied to VHH
domains by Riechmann and Muyldermans will be followed, unless indicated otherwise.

It should also be noted that the Figures, any 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.

The VH domains of the invention can be directed against any suitable or desired
antigen or target, including any pharmaceutically and/or therapeutically relevant target as
described herein.

According to one specific aspect of the invention, the VH domains of the invention are
directed against a serum protein, and in particular a human serum protein. According to a
preferred aspect, when a VH domain of the invention is directed against a serum protein, it is
directed against serum albumin, and in particular human serum albumin. Thus, the invention
also relates to a VH domain of the invention (as defined herein, including the preferences
defined for the VH domains of the invention) that can specifically bind to a serum protein, in
particular a human serum protein, and that can preferably specifically bind to serum albumin,
and more preferably to human serum albumin. Again, such a VH domain is preferably an
ISVD (as described herein) and more preferably a Nanobody.

For example, a VH domain of the invention against serum albumin can be one of the
Nanobodies against (human) serum albumin that are described in WO 2004/0418635, and in
particular in WO 2006/122787 and WO 2012/175400 (all applications from
applicant/assignee), in which the amino acid at position 112 is substituted by either K or Q,
and which is optionally provided with a C-terminal extension as described herein (and can
also for example also contain one or more of the other specific amino acid residues/
substitutions mentioned herein, such as 11L, L11V, L11K, 14A, P14A, 14P, A14P, 89T,
V89T, 89L, V89L.,, 108L, Q108L, 110Q, T110Q, 110K and/or T110K; although usually the
presence of an additional substitution at position 110 will not often not be required when
position 112 is K or @, in which case position 110 is preferably T). Furthermore, it is
envisaged that the present invention can also be applied to other serum-albumin binding
heavy-chain ISVD’s, such as those described in WO 03/035694, WO 04/003019, WO
05/118642, WO 06/059106, WO 08/096158, WO 09/121804W0O 10/108937 or US
2013/0129727, i.e. by suitably introducing the substitutions described herein (i.e. at least one
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of S112K, S112Q and/or V89T, and optionally one or more of the other amino acid
residues/substitutions described herein, such as L11V) and optionally (and usually preferably
as outlined herein) adding a C-terminal extension (as further described herein).
Some preferred but non-limiting examples of such serum albumin binding Nanobodies of the
invention are humanized variants of the amino acid sequence of SEQ ID NO: 52 of WO
2006/122787 (called “Alb-1" in WO 2006/122787), in which the amino acid at position 112 is
substituted by either K or Q (and which is optionally provided with a C-terminal extension as
described herein), such as the humanized variants of Alb-1 that are given in SEQ ID NO’s: 57
to 64 of WO 2006/122787 (in each case, with a S112K or S112Q substitution, and optionally
with a C-terminal extension) or the humanized variants of Alb-1 that are given in SEQ ID
NO’s 3 to 11 of WO 2012/175400 (again, in each case, with a S112K or S112Q substitution),
of which SEQ ID NO’s 3, 4 and 5 can optionally contain a C-terminal extension, and SEQ 1D
NO’s 6 to 11 already contain a C-terminal extension (and again, such variants can contain one
or more of the other specific amino acid residues/ substitutions mentioned herein, such as
1L, L11V, L11K, 14A, P14A, 14P, A14P, 89T, V89T, &9L, V89L, 108L, Q108L, 110Q,
T110Q, 110K and/or T110K; although usually the presence of an additional substitution at
position 110 will not often not be required when position 112 is K or Q, in which case
position 110 is preferably T). Also: (i) position 41 may for example be one of the amino acid
residues (i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of
WO 08/020079 for position 41 and may in particular be (or be chosen from) proline (P),
serine (8), threonine (T), alanine (A) or leucine (L), which are some of the amino acid
residues that most frequently occur at this position in either humans or llamas, and may more
in particular be either proline (P} or alanine (A); and/or (i1) position 42 may for example be
one of the amino acid residues (i.e. human VH3 residues and/or Camelid VHH residues)
mentioned in Table A-6 of WO 08/020079 for position 42 and may in particular be (or be
chosen from} glycine (G) or glutamic acid (E); and/or (iii) position 87 may for example be
one of the amino acid residues (i.e. human VH3 residues and/or Camelid VHH residues)
mentioned in Table A-7 of WO 08/020079 for position 87 and may in particular be {(or be
chosen from) threonine (T) or alanine (A).

Thus, in a further aspect, the invention relates to a Nanobody of the invention (as
defined herein) that can bind (and in particular specifically bind) to serum albumin (and in

particular human serum albumin) in which:

- CDR1 is the amino acid sequence SFGMS (SEQ ID NO:41);
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- CDR2 i1s the amino acid sequence SISGSGSDTLYADSVKG (SEQ ID NO:42);
- CDR3 is the amino acid sequence GGSLSR (SEQ 1D NO:43);

- the amino acid residue at position 112 is either K or Q;

and that optionally contains at its C-terminal end a C-terminal extension (X),in whichnis 1
to 10, preferably 1 to 5, such as 1, 2, 3, 4 or 5 (and preferably 1 or 2, such as 1); and each X
is an (preferably naturally occurring) amino acid residue that is independently chosen, and
preferably independently chosen from the group consisting of alanine (A), glycine (G), valine
(V), leucine (L) or isoleucine (I) (again, such a C-terminal extension is preferably as further
described herein, and again such a Nanobody can also for example also contain one or more
of the other specific amino acid residues/ substitutions mentioned herein, such as 11L, 11V,
L11K, 14A, P14A, 14P, A14P, 89T, V89T, 89L, V&9L, 1081, Q108L, 110Q, T110Q, 110K
and/or T110K; although usually the presence of an additional substitution at position 110 will
not often not be required when position 112 is K or Q, in which case position 110 is
preferably T). Also: (i) position 41 may for example be one of the amino acid residues (i.e.
human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 41 and may in particular be (or be chosen from) proline (P), serine (S),
threonine (T, alanine (A) or leucine (L), which are some of the amino acid residues that most
frequently occur at this position in either humans or llamas, and may more in particular be
either proline (P) or alanine (A); and/or (ii) position 42 may for example be one of the amino
acid residues (i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-
6 of WO 08/020079 for position 42 and may in particular be (or be chosen from) glycine (G)
or glutamic acid (E); and/or (iii) position 87 may for example be one of the amino acid
residues (i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of
WO 08/020079 for position 87 and may in particular be (or be chosen from) threonine (T) or
alanine (A).

In a particular aspect, the invention relates to a Nanobody of the invention (as defined
herein) that can bind (and in particular specifically bind) to serum albumin (and in particular
human serum albumin) that is a humanized variant of SEQ ID NO: 52 of WO 2006/122787

in which:

- CDRI1 is the amino acid sequence SFGMS (SEQ ID NO:41);
- CDR2 is the amino acid sequence SISGSGSDTLYADSVKG (SEQ ID NO:42);
- CDR3 is the amino acid sequence GGSLSR (SEQ ID NO:43);

- the amino acid residue at position 112 is either K or Q;
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and that optionally contains at its C-terminal end a C-terminal extension (X), in which n is 1
to 10, preferably 1 to 5, such as 1, 2, 3, 4 or 5 (and preferably 1 or 2, such as 1); and each X
is an (preferably naturally occurring) amino acid residue that is independently chosen, and
preferably independently chosen from the group consisting of alanine (A), glycine (G), valine
(V), leucine (L) or isoleucine (I) (again, such a C-terminal extension is preferably as further
described herein, and again such a Nanobody can also for example also contain one or more
of the other specific amino acid residues/ substitutions mentioned herein, such as 11L, L11V,
L11K, 14A, P14A, 14P, A14P, 89T, V89T, 891, V8IL, 108L, Q108L, 110Q, T110Q, 110K
and/or T110K; although usually the presence of an additional substitution at position 110 will
not often not be required when position 112 is K or Q, in which case position 110 is
preferably T). Also: (i) position 41 may for example be one of the amino acid residues (i.e.
human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 41 and may in particular be (or be chosen from) proline (P), serine (S),
threonine (T), alanine (A) or leucine (L), which are some of the amino acid residues that most
frequently occur at this position in either humans or llamas, and may more in particular be
either proline (P) or alanine (A); and/or (ii) position 42 may for example be one of the amino
acid residues (i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-
6 of WO 08/020079 for position 42 and may in particular be (or be chosen from) glycine (G)
or glutamic acid (E); and/or (iii) position 87 may for example be one of the amino acid
residues (i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of
WO 08/020079 for position 87 and may in particular be {or be chosen from) threonine (T) or
alanine (A).

In a particular aspect, the invention relates to a Nanobody of the invention (as defined
herein) that can bind (and in particular specifically bind) to serum albumin (and in particular
human serum albumin} that has at least 80%, preferably at least 85%, more preferably at least
90% such as at least 95% sequence identity with at least one of Alb-1 (SEQ ID NO: 52 of
WO 2006/122787), Alb-8 (SEQ ID NO: 46 herein) and/or Alb-23 (SEQ ID NO:61 herein)
(taking into account both the framework sequences and the CDR’s, but not any C-terminal
extension}, in which the amino acid residue at position 112 is either K or Q, and that
optionally contains at its C-terminal end a C-terminal extension (X),in which nis 1 to 10,
preferably 1 to 5, such as 1, 2, 3, 4 or 5 (and preferably 1 or 2, such as 1); and each X is an
(preferably naturally occurring) amino acid residue that is independently chosen, and
preferably independently chosen from the group consisting of alanine (A), glycine (G), valine

(V), leucine (L) or isoleucine (I) (again, such a C-terminal extension is preferably as further
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described herein, and again such a Nanobody can also for example also contain one or more
of the other specific amino acid residues/ substitutions mentioned herein, such as 11L, 11V,
L11K, 14A, P14A, 14P, A14P, 89T, V89T, 891, V8IL, 108L, Q108L, 110Q, T110Q, 110K
and/or T110K; although usually the presence of an additional substitution at position 110 will
not often not be required when position 112 is K or Q, in which case position 110 1s
preferably T). Also: (i) position 41 may for example be one of the amino acid residues (i.c.
human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 41 and may in particular be (or be chosen from) proline (P), serine (S),
threonine (T), alanine (A) or leucine (L), which are some of the amino acid residues that most
frequently occur at this position in either humans or llamas, and may more in particular be
either proline (P) or alanine (A); and/or (i1) position 42 may for example be one of the amino
acid residues (i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-
6 of WO 08/020079 for position 42 and may in particular be (or be chosen from) glycine (G)
or glutamic acid (E); and/or (iii} position 87 may for example be one of the amino acid
residues (i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of
WO 08/020079 for position 87 and may in particular be (or be chosen from) threonine (T) or
alanine (A).

Such a Nanobody of the invention is again preferably a humanized variant of Alb-1
{but with a S112K or $112Q substitution), and more preferably has at least one, in particular
any two, and more in particular all three of CDR1, CDR2 and/or CDR3 given in SEQ ID
NO’s 41 to 43, respectively.

According to one specific aspect, any serum albumin-binding Nanobody of the
invention can also have the amino acid residues that are characteristic of Alb-23 and its
variants as described in WO 12/175400 (i.c. the amino acid motif GP on positions 44 and 45,
the amino acid motif SKN on positions 74 to 76, and preferably a G at position 16 and
optionally also an R at position 83).

Some preferred, but non-limiting examples of Nanobodies of the invention that are

directed against human serum albumin are given in Table 4 and Example 20.
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In another aspect, the invention relates to a VH domain, and in particular an ISVD,

and more in particular an Nanobody, that has:

a)

a FW 4 sequence that is one of the following FW4 sequences:

Table 5: FW4 sequences

SSQGTLVTVKS (SEQ ID NO:99)

SSQGTLVTVQS (SEQ ID NO:100)

SSQGTLVKVSS (SEQ ID NO:101)

SSQGTLVQVSS (SEQ ID NO:102)

SSQGTLVTVKS(X), (SEQ ID NO:103})

SSQGTLVTVQS(X), (SEQ ID NO:104)

SSQGTLVKVSS(X), (SEQ ID NO:105)

SSOGTLVQVSS(X), (SEQ ID NO:106)

in which (i) the amino acid residues of the FW4 sequences that precede the (X), C-
terminal extension in SEQ ID NO’s: 23 to 40 correspond to the amino acid positions of
FW4 of a VH domain (i.e. positions 103 to 113 according to the Kabat numbering); (ii) n
i1s 1 to 10, preferably I to 5, such as 1, 2, 3, 4 or 5 (and preferably 1 or 2, such as 1); and
(iii) each X is an (preferably naturally occurring) amino acid residue that is independently
chosen, and preferably independently chosen from the group consisting of alanine (A),

glycine (G), valine (V), leucine (L)) or isoleucine (I); or

an amino acid sequence that has no more than three, preferably no more than two, amino
acid differences with at least one of the amino acid sequences SEQ ID NO’s: 99 10 106 (in
which said amino acid differences are at the positions that correspond to the amino acid
positions of FW4 of a VH domain, i.e. at positions 103 to 113 according to the Kabat
numbering, with any amino acid differences within the C-terminal extension (X), being
disregarded), in which: (i} when the amino acid residue at the position corresponding to
position 112 of the Kabat numbering is either K or Q, said amino acid differences are at
another amino acid position than 112, and the amino acid residue at position 89 of the VH
domain is preferably chosen from V, T or L (and is most preferably V); (i) when the
amino acid residue at the position corresponding to position 110 of the Kabat numbering
is either K or Q, then said amino acid differences are at another amino acid position than

110, and position 89 is the VH domain is L; (iii) n is 1 to 10, preferably 1 to 5, such as 1,
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2,3, 4 or 5 {(and preferably 1 or 2, such as 1); and (iv) each X is an (preferably naturally
occurring) amino acid residue that is independently chosen, and preferably independently
chosen from the group consisting of alanine (A), glycine (G), valine (V), leucine (L) or
isoleucine (1). Again, further to features (i) to (iv) as mentioned in the previous sentence,
in such an amino acid sequence: (v) the amino acid residue at the position corresponding
to position 103 of the Kabat numbering is preferably S; (vi) the amino acid residue at the
position corresponding to position 104 of the Kabat numbering is preferably S; (vii) the
amino acid residue at the position corresponding to position 106 of the Kabat numbering
is preferably G; (viii) the amino acid residue at the position corresponding to position 107
of the Kabat numbering is preferably T; (ix) the amino acid residue at the position
corresponding to position 108 of the Kabat numbering is preferably Q or L (and in
humanized nanobodies preferably L); (ix) the amino acid residue at the position
corresponding to position 109 of the Kabat numbering is preferably V; and reference is
again made to the Table 2 for possible amino acid residues that can be present at each

position.

Again, in such VH domains of the invention: (a) the amino acid residue at position 11
is one of L, V or K (and more preferably VY}; the amino acid residue at position 14 is
preferably one of A or P; the amino acid residue at position 41 is preferably one of A or P,
Also, such a VH domain of the invention is preferably an ISVD, and more preferably a
Nanobody; and may again be directed against human serum albumin (in which case it
preferably has CDR1, CDR2 and CDR3 respectively that correspond to SEQ ID NO’s 41, 42
and 43, respectively). Also, when said VH domains are ISVD’s or nanobodies against human
serum albumin, they can further be as described herein for nanobodies of the invention that
are directed against human serum albumin.

The VH domains of the invention that are directed against serum albumin (and in
particular a serum-albumin binding ISVD of the invention) can be used to increase the half-
life of therapeutically active compounds, (poly)peptides, proteins, binding domains, binding
units or other therapeutically active entities or moieties, essentially in the manner described in
WO 2004/041865, WO 2006/122787 and/or WO 2012/175400 for the usc of the serum
albumin-binding nanobodies that are disclosed in said references (i.e. by suitably linking the
serum atbumin-binding ISVD to the protein, polypeptide, compound or other entities,
optionally via a suitable linker. For example, WO 12/175400 on pages 12 and 13 gives some

examples of the manner in which suitable fusion proteins can be constructed).
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In another aspect, the invention relates to an immunoglobulin heavy-chain variable
domain (VH domain) in which the amino acid residue at position 89 (Kabat numbering) is
threonine (T) and the amino acid residue at position 112 is either a serine (S), lysine (K)
residue or glutamine (Q) residue. Such immunoglobulin heavy-chain variable domains (VH
domain) with a T at position 89 are also included in the term “VH domains of the invention”
as used herein in its broadest sense and can further be as described herein for the VH domains
of the invention that comprise a K or Q at position 112. Accordingly, such an
immunoglobulin heavy-chain variable domain (VH domain) can have a C-terminal extension
as further described herein (including the indicated preferences for such a C-terminal
extension); can be an ISVD and in particular a Nanobody as further described herein.

Again, if such an VH domain of the invention has an exposed C-terminal region (for
example, because it forms the C-terminal end of the protein, polypeptide or other construct in
which it is present), it preferably contains a C-terminal extension (reference is made to the
data shown in Table C below).

Also, Nanobodies of the invention in which position 89 is T (i.e. with or without a C-
terminal extension) preferably contain an amino acid at position 11 that is chosen from
L (the most often occuring amino acid residue in VHH’s), E, K, M, S, V,W or Y; more
preferably from L, E, K, V or Y, and even more preferably from L, K or V (with V being
most preferred). For example, they can contain an L11K or L11V substitution, as well as for
example a P14A or A14P substitution, a Q108L substitution, and/or a T110K, T110Q, S112K
and/or S112Q) substitution (although usually the presence of one or two additional
substitutions at position 110 and/or 112 will not often not be required when position 89 is T,
in which case position 110 is preferably T and position 112 is preferably S).

In particular, an immunoglobulin heavy-chain variable domain (VH domain) of the
invention according to this particular aspect has a T at position 89 (Kabat) and a C-terminal
end that is one of VTVSS (SEQ ID NO:77), VIVSS(X)n (SEQ ID NO:78), VTVKS (SEQ ID
NO:1), VIVKS(X)n (SEQ ID NO:21), VTVQS (SEQ ID NO:2), VIVQS(Xn (SEQ ID
NO:22), VKVSS (SEQ ID NO: 95), VKVSS(X)n (SEQ ID NO:97), VQVSS (SEQ ID NO:
96), VQVSS(X)n (SEQ ID NO: 98), VZVZS (SEQ ID NO: 107, in which each amino acid
residue Z is independently K or Q) or VZVZSX(n) (SEQ ID NO: 108, in which each amino
acid residue Z is independently K or Q) (and in particular one of VITVKS (SEQ ID NO:1),
VTVQS (SEQ ID NO:2), VIVSS (SEQ ID NO:77), VTVKS(X), (SEQ ID NO:21),
VTVQS(X), (SEQ ID NO:22) or VIVSS(X), (SEQ ID NO:78), and more in particular be
either VTVSS (SEQ ID NO:77) or VTVSS(X)n (SEQ ID NO:78)), in which n and X are as
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further described herein for the VH domains of the invention in which position 112 is Q or K
(and in which any C-terminal extension is preferably as further described herein for the VH
domains of the invention in which position 112 is Q or K). Also, as is the case for the VH
domains of the invention in which position 112 is Q or K, when such a VH domain witha T
at position 89 is a nanobody, position 11 is preferably a leucine (L), position 14 can in
particular be alanine (A) or proline (P) and position 108 can in particular be Q or L (and in
humanized nanobodies preferably L); and such a Nanobody with a T at position 89 can
contain one or more nanobody hallmark residues and/or can be suitably humanized. Also: (i)
position 41 may for example be one of the amino acid residues (i.e. human VH3 residues
and/or Camelid VHH residues) mentioned in Table A-6 of WO 08/020079 for position 41 and
may in particular be (or be chosen from) proline (P), serine (S), threonine (1)), alanine (A) or
leucine (1.), which are some of the amino acid residues that most frequently occur at this
position in either humans or llamas, and may more in particular be either proline (P) or
alanine (A); and/or (ii) position 42 may for example be one of the amino acid residues (i.e.
human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 42 and may in particular be (or be chosen from) glycine (G) or
glutamic acid (E); and/or (ii1) position 87 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of WO
08/020079 for position 87 and may in particular be (or be chosen from) threonine (T) or
alanine (A).

Such a VH domain of the invention with a T at position 89 can again also be a serum
albumin Nanobody as further described herein. For example, such a serum albumin-binding
Nanobody can be one of the sequences of SEQ ID NOs: 46 to 75, but with a T at position 89;
ot another serum albumin binding Nanobody with a T at position 89 that has at least 80%,
preferably at least 85%, more preferably at least 90% such as at least 95% sequence identity
with at least one of Alb-1 (SEQ ID NO: 52 of WO 2006/122787), Alb-8 (SEQ ID NO: 46
herein) and/or Alb-23 (SEQ ID NO:61 herein) (taking into account both the framework
sequences and the CDR’s, but not any C-terminal extension). Some other examples of such
Nanobodies with a T at position 89 are given in SEQ ID NO’s: 78 to 91 (these are further
variants of Alb-1/Alb-8 or Alb-23 with a T at position 89 and an S at position 112).

More generally, a VH domain against serum albumin according to this aspect of the
invention can be one of the Nanobodies against (human) serum albumin that are described in
WO 2004/041865, and in particular in WO 2006/122787 and WO 2012/175400 (all

applications from applicant/assignee), in which the amino acid at position 89 is a threonine



10

20

30

37

(T), and which is optionally provided with a C-terminal extension as described herein (and
can also for example also suitably contain one or more of the other specific amino acid
residues/ substitutions mentioned herein, such as 111, L11V, L11K, 14A, P14A, 14P, A14P,
108L, Q108L, 110K, T110K, 110Q, T110Q, S112K and/or $112Q; although usually the
presence of additional substitutions at positions 110 and/or 112 will not often not be required
when a T is present at position 89, in which case that position 110 is preferably T and position
112 is preferably S). Also: (i) position 41 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
(8/020079 for position 41 and may in particular be (or be chosen from) proline (P), serine (S),
threonine (T), alanine (A} or leucine (L), which are some of the amino acid residues that most
frequently occur at this position in either humans or liamas, and may more in particular be
either proline (P} or alanine (A); and/or (ii} position 42 may for example be one of the amino
acid residues (i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-
6 of WO 08/020079 for position 42 and may in particular be (or be chosen from) glycine (G)
or glutamic acid (E); and/or (iii) position 87 may for example be one of the amino acid
residues (i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of
WO 08/020079 for position 87 and may in particular be (or be chosen from) threonine (T) or
alanine (A). Furthermore, it is envisaged that the present invention can also be applied other
serum-albumin binding heavy-chain ISVD's, such as those described in WO 03/035694, WO
04/003019, WO 05/118642, WQ 06/059106, WO 08/096158, WO 09/121804WO 10/108937
or US 2013/0129727, i.e. by suitably introducing threonine (T) at position 89, and optionally
one or more of the other amino acid residues/substitutions described herein) and optionally
(and usually preferably as outlined herein) adding a C-terminal extension (as further described
herein).

Some preferred but non-limiting examples of such serum albumin binding Nanobodies
of the invention are humanized variants of the amino acid sequence of SEQ ID NO: 52 of WO
2006/122787 (called “Alb-1" in WO 2006/122787), in which the amino acid at position 89 is
T (and which is optionally provided with a C-terminal extension as described herein), such as
the humanized variants of Alb-1 that are given in SEQ ID NO’s: 57 to 64 of WO
2006/122787 (in each case, with a V89T substitution, and optionally with a C-terminal
extension} or the humanized variants of Alb-1 that are given in SEQ ID NO’s 3 to 11 of WO
2012/175400 (again, in each case, with a V89T substitution), of which SEQ ID NO’s 3, 4 and
5 can optionally contain a C-terminal extension, and SEQ ID NO’s 6 to 11 already contain a

C-terminal extension (and again, such variants can contain one or more of the other specific
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amino acid residues/ substitutions mentioned herein, such as 111, L11V, L.11K, 14A, P14A,
14P, A14P, 108L, Q108L, 110K, T110K, 110Q, T110Q, 112Q, 112K, S112Q and/or S112K;
although usually the presence of one or two additional substitutions at positions 110 and/or
112 will not often not be required when position 89 is T, in which case position 110 is
preferably T and position 112 is preferably S). Also: (i) position 41 may for example be one
of the amino acid residues (i.e. human VH3 residues and/or Camelid VHH residues)
mentioned in Table A-6 of WO 08/020079 for position 41 and may in particular be (or be
chosen from) proline (P), serine (8), threonine (T), alanine (A) or leucine (L}, which are some
of the amino acid residues that most frequently occur at this position in either humans or
llamas, and may more in particular be either proline (P) or alanine (A); and/or (i1) position 42
may for example be one of the amino acid residues (i.e. human VH3 residues and/or Camelid
VHH residues) mentioned in Table A-6 of WO 08/020079 for position 42 and may in
particular be (or be chosen from) glycine (G) or glutamic acid (E); and/or (iii) position 87
may for example be one of the amino acid residues (i.e. human VH3 residues and/or Camelid
VHH residues) mentioned in Table A-7 of WO 08/020079 for position 87 and may in
particular be (or be chosen from) threonine (T) or alanine (A).

Thus, in a further aspect, the invention relates to a Nanobody of the invention (as
defined herein) that can bind (and in particular specifically bind) to serum albumin (and in

particular human serum albumin) in which:

- CDRI is the amino acid sequence SFGMS (SEQ ID NO:41);
- CDR2 is the amino acid sequence SISGSGSDTLYADSVKG (SEQ ID NO:42);
- CDR3 is the amino acid sequence GGSLSR (SEQ ID NO:43);

- the amino acid residue at position 89 is T;

and that optionally contains at its C-terminal end a C-terminal extension (X), in whichn is 1
to 10, preferably 1 to 5, such as 1, 2, 3, 4 or 5 {and preferably 1 or 2, such as 1); and each X
is an (preferably naturally occurring) amino acid residue that is independently chosen, and
preferably independently chosen from the group consisting of alanine (A), glycine (G), valine
(V), leucine (L} or isoleucine (1) (again, such a C-terminal extension is preferably as further
described herein, and again such a Nanobody can also for example also contain one or more
of the other specific amino acid residues/ substitutions mentioned herein, suchas 11L, L11V,
L11K, 14A, P14A, 14P, A14P, 108L, Q108L, 110K, T110K, 110Q, T110Q, 112Q, 112K,
S112Q and/or S112K; although usually the presence of one or two additional substitutions at

positions 110 and/or 112 will not often not be required when position 89 is T, in which case
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position 110 is preferably T and position 112 is preferably S). Also: (i) position 41 may for
example be one of the amino acid residues (i.e. human VH3 residues and/or Camelid VHH
residues) mentioned in Table A-6 of WO 08/020079 for position 41 and may in particular be
{or be chosen from) proline (P), serine (S), threonine (T), alanine (A) or leucine (L), which
are some of the amino acid residues that most frequently occur at this position in either
humans or llamas, and may more in particular be either proline (P) or alanine (A); and/or (i1}
position 42 may for example be one of the amino acid residues (i.e. human VH3 residues
and/or Camelid VHH residues) mentioned in Table A-6 of WO 08/020079 for position 42 and
may in particular be (or be chosen trom) glycine (G) or glutamic acid (E); and/or (iii) position
87 may for example be one of the amino acid residues (i.e. human VH3 residues and/or
Camelid VHH residues) mentioned in Table A-7 of WO 08/020079 for position 87 and may
in particular be (or be chosen from) threonine (T) or alanine (A).

In a particular aspect, the invention relates to a Nanobody of the invention (as defined
herein) that can bind (and in particular specifically bind) to serum albumin (and in particular
human serum albumin) that is a humanized variant of SEQ ID NO:; 52 of WO 2006/122787

in which:

- CDRI1 is the amino acid sequence SFGMS (SEQ ID NO:41);
- CDR2 is the amino acid sequence SISGSGSDTLYADSVKG (SEQ ID NO:42);
- CDR3 is the amino acid sequence GGSLSR (SEQ ID NO:43),

- the amino acid residue at position 89 is T;

and that optionally contains at its C-terminal end a C-terminal extension (X), in whichnis 1
to 10, preferably 1 to 5, such as 1,2, 3,4 or 5 (and preferably 1 or 2, such as 1); and each X
is an (preferably naturally occurring) amino acid residue that is independently chosen, and
preferably independently chosen from the group consisting of alanine (A), glycine (G), valine
(V), leucine (L) or isoleucine (I} (again, such a C-terminal extension is preferably as further
described herein, and again such a Nanobody can also for example also contain one or more
of the other specific amino acid residues/ substitutions mentioned herein, such as 111, L11V,
L11K, 14A, P14A, 14P, A14P, 108L, Q108L, 110K, T110K, 110Q, T116Q, 112Q, 112K,
S112Q and/or S112K,; although usually the presence of one or two additional substitutions at
positions 110 and/or 112 will not often not be required when position 89 is T, in which case
position 110 is preferably T and position 112 is preferably S). Also: (i} position 41 may for
example be one of the amino acid residues (i.e. human VH3 residues and/or Camelid VHH

residues) mentioned in Table A-6 of WO 08/020079 for position 41 and may in particular be
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(or be chosen from) proline (P), serine (S), threonine (T), alanine (A) or leucine (L), which
are some of the amino acid residues that most frequently occur at this position in either
humans or Hlamas, and may more in particular be either proline (P} or alanine (A); and/or (ii)
position 42 may for example be one of the amino acid residues (i.e. human VH3 residues
and/or Camelid VHH residues) mentioned in Table A-6 of WO 08/020079 for position 42 and
may in particular be {(or be chosen from) glycine (G) or glutamic acid (E); and/or (iii) position
87 may for example be one of the amino acid residues (i.e. human VH3 residues and/or
Camelid VHH residues) mentioned in Table A-7 of WO 08/020079 for position 87 and may
in particular be (or be chosen from) threonine (T) or alanine (A).

In a particular aspect, the invention relates to a Nanobody of the invention (as defined
herein) that can bind (and in particular specifically bind) to serum albumin (and in particular
human serum albumin) that has at least 80%, preferably at least 85%, more preferably at least
90% such as at least 95% sequence identity with at least one of Alb-1 (SEQ ID NO: 52 of
WO 2006/122787), Alb-8 (SEQ ID NO: 46 herein) and/or Alb-23 (SEQ ID NO:61 herein)
{taking into account both the framework sequences and the CDR’s, but not any C-terminal
extension), in which the amino acid residue at position 89 is T, and that optionally contains at
its C-terminal end a C-terminal extension (X), in which n is 1 to 10, preferably 1 to 5, such as
1,2, 3,4 or 5 (and preferably 1 or 2, such as 1); and each X is an (preferably naturally
occurring) amino acid residue that is independently chosen, and preferably independently
chosen from the group consisting of alanine (A), glycine (G), valine (V), leucine (L) or
isoleucine (I) (again, such a C-terminal extension is preferably as further described herein,
and again such a Nanobody can also for example also contain one or more of the other
specific amino acid residues/ substitutions mentioned herein, such as 11L, L11V, L11K, 14A,
P14A, 14P, A14P, 108L, Q108L, 110K, T110K, 110Q, T110Q, 112Q, 112K, S112Q and/or
S112K; although usually the presence of one or two additional substitutions at positions 110
and/or 112 will not often not be required when position 89 is T, in which case position 110 is
preferably T and position 112 is preferably S). Also: (i) position 41 may for example be one
of the amino acid residues (i.e. human VH3 residues and/or Camelid VHH residues)
mentioned in Table A-6 of WO 08/020079 for position 41 and may in particular be (or be
chosen from) proline (P), serine (8), threonine (T), alanine (A) or leucine (1.), which are some
of the amino acid residues that most frequently occur at this position in either humans or
llamas, and may more in particular be either proline (P) or alanine {A); and/or (1) position 42
may for example be one of the amino acid residues (i.e. human VH3 residues and/or Camelid

VHH residues) mentioned in Table A-6 of WO 08/020079 for position 42 and may in
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particular be (or be chosen from) glycine (G) or glutamic acid (E); and/or (1ii) position 87
may for example be one of the amino acid residues (i.e. human VH3 residues and/or Camelid
VHH residues) mentioned in Table A-7 of WO 08/020079 for position 87 and may in
particular be (or be chosen from) threonine (T) or alanine (A).

According to one specific aspect, any such serum albumin-binding Nanobody of the
invention with a T at position 89 can also have the amino acid residues that are characteristic
of Alb-23 and its variants as described in WO 12/175400 (i.e. the amino acid motif GP on
positions 44 and 45, the amino acid motif SKN on positions 74 to 76, and preferably a G at
position 16 and optionally also an R at position 83).

As with the VH domains of the invention that contain an Q or K at position 112, the
VH domains of the invention that contain a T at position 89 {optionally together witha Q or K
at position 112 and/or together with a C-terminal extension) show reduced binding by pre-
existing antibodies, and in particular by such pre-existing antibodies (as for example are
found in samples obtained from SLE patients) that are capable of binding to VH domains and
Nanobodies in the presence of a C-terminal extension.

In yet another aspect, the invention relates to an immunoglobulin heavy-chain variable
domain (VH domain} in which the amino acid residue at position 89 (Kabat numbering} is
leucine (L) and the amino acid residue at position 110 is either a lysine (K) residue or
glutamine (Q) residue. Such immunoglobulin heavy-chain variable domains (VH domain)
with an L at position 89 and a K or Q at position 110 are also included in the term “VH
domains of the invention™ as used herein in its broadest sense and can further be as described
herein for the other VH domains of the invention (i.e. those that comprise a K or Q at position
112 or that comprise a T at position 89). Accordingly, such an immunoglobulin heavy-chain
variable domain (VH domain) can have a C-terminal extension as further described herein
(including the indicated preferences for such a C-terminal extension); can be an ISVD and in
particular a Nanobody as further described herein.

Again, if such a VH domain of the invention has an exposed C-terminal region (for
example, because it forms the C-terminal end of the protein, polypeptide or other construct in
which it is present), it preferably contains a C-terminal extension (reference is made to the
data shown in Table C below).

Also, Nanobodies of the invention in which position 89 is L and a K or Q at position
110 (i.e. with or without a C-terminal extension) preferably contain an amino acid at position
11 that is chosen from L (the most often occurring amino acid residue in VHH’s), E, K, M, S,

V,W or Y; more preferably from L, E, K, V or Y, and even more preferably from L, K or V
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(with V being most preferred). For example, they can contain an L11K or L11V substitution,
as well as for example a P14A or A14P substitution and/or a Q1081 substitution (they can
also suitably contain an S112K and/or S112Q mutation, although usually the presence of an
additional substitution at positions 112 will not often not be required when position 89 is L
and position 110 is K or Q, in which case position 112 is preferably 8). Also: (i) position 41
may for example be one of the amino acid residues (i.e. human VH3 residues and/or Camelid
VHH residues) mentioned in Table A-6 of WO 08/020079 for position 41 and may in
particular be (or be chosen from) proline (P), serine (8), threonine (T), alanine (A) or leucine
(L), which are some of the amino acid residues that most frequently occur at this position in
either humans or Hlamas, and may more in particular be either proline (P) or alanine (A);
and/or (ii} position 42 may for example be one of the amino acid residues (i.e. human VH3
residues and/or Camelid VHH residues) mentioned in Table A-6 of WO 08/020079 for
position 42 and may in particular be (or be chosen from) glycine {G) or glutamic acid (E);
and/or (iii) position 87 may for example be one of the amino acid residues (i.e. human VH3
residues and/or Camelid VHH residues) mentioned in Table A-7 of WO 08/020079 for
position 87 and may in particular be (or be chosen from) threonine (T) or alanine (A).

Also, in one aspect, in such VH domains of the invention in which 89 is L and 110 is
K or Q, the amino acid residue at position 112 is serine (S). More in particular, the C-terminal
end of such a VH domain may be one of (and preferably is one of) VKVSS (SEQ ID NO: 95),
VQVSS (SEQ ID NO: 96), VKVSS(X), (SEQ ID NG:97) or VQVSS(X), (SEQ ID NO: 98),
in which n and X are as further described herein for the VH domains of the invention in which
position 112 is Q or K (and in which any C-terminal extension is preferably as further
described herein for the VH domains of the invention in which position 112 is Q or K). Also,
as 1s the case for the VH domains of the invention in which position 112 is Q or K or position
89 1s T, when such a VH domain with an L at position 89 and a K or Q at position 110is a
nanobody, position 11 is preferably a leucine (L), position 14 can in particular be alanine (A)
or proline (P) and position 108 can in particular be Q or L (and in humanized nanobodies
preferably L); and such a Nanobody with an L at position 89 and a K or Q at position 110 can
contain one or more nanobody hallmark residues and/or can be suitably humanized. Also: (i)
position 41 may for example be one of the amino acid residues (i.e. human VH3 residues
and/or Camelid VHH residues) mentioned in Table A-6 of WO 08/020079 for position 41 and
may in particular be (or be chosen from) proline (P), serine (8), threonine (T), alanine (A) or
leucine (L), which are some of the amino acid residues that most frequently occur at this

position in either humans or llamas, and may more in particular be either proline (P) or
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alanine (A); and/or (ii) position 42 may for example be one of the amino acid residues (i.e.
human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 42 and may in particular be (or be chosen from) glycine (G) or
ghutamic acid (E); and/or (iii) position 87 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of WO
08/020079 for position 87 and may in particular be {or be chosen from) threonine (T) or
alanine (A).

Such a VH domain of the invention with an L at position 89 and a K or Q at position
110 can again also be a serum albumin Nanobody as further described herein. For example,
such a serum albumin-binding Nanobody can be one of the sequences of SEQ ID NOs: 46 to
75, but with an L at position 89 and a K or Q at position 110; or another serum albumin
binding Nanobody with an L at position 89 and a K or Q at position 110 that has at least
80%, preferably at least 85%, more preferably at least 90% such as at least 95% sequence
identity with at least one of Alb-1 (SEQ ID NO: 52 of WO 2006/122787), Alb-8 (SEQ ID
NO: 46 herein) and/or Alb-23 (SEQ ID NO:61 herein) (taking into account both the
framework sequences and the CDR’s, but not any C-terminal extension).

More generally, a VH domain against serum albumin according to this aspect of the
invention can be one of the Nanobodies against (human) serum albumin that are described in
WO 2004/041865, and in particular in WO 2006/122787 and WO 2012/175400 (all
applications from applicant/assignee), in which the amino acid at position 89 is a leucine (I.)
and the amino acid residue at position 110 is of K or Q, and which is optionally provided with
a C-terminal extension as described herein (and can also for example also contain one or more
of the other specific amino acid residues/ substitutions mentioned herein, such as 11L, L11V,
L11K, 14A, P14A, 14P, A14P, 1081 and/or Q108L; as well as S112K or S112Q, although
usually the presence of an additional substitution at position 112 will not often not be required
when position 89 is L and position 110 is K or Q, in which case position 112 is preferably S).
Furthermore, it is envisaged that the present invention can also be applied other serum-
albumin binding heavy-chain ISVID}’s, such as those described in WO 03/035694, WO
04/003019, WO 05/118642, WO 06/059106, WO 08/066158, WO 09/121804WO 10/108937
or US 2013/0129727, i.e. by suitably introducing leucine (L) at position 89 and either K or Q
at position 110, and optionally one or more of the other amino acid residues/substitutions
described herein) and optionally (and usually preferably as outlined herein) adding a C-
terminal extension (as further described herein). In these VH domains against serum albumin,

the amino acid at position 112 is preferably S, and said VH domains preferably have a C-
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terminal end that is one of SEQ ID NO’s: 95 to 98. Also: (1) position 41 may for example be
one of the amino acid residues (i.e. human VH3 residues and/or Camelid VHH residues)
mentioned in Table A-6 of WO 08/020079 for position 41 and may in particular be (or be
chosen from) proline (P), serine (8), threonine (T), alanine (A} or leucine (L), which are some
of the amino acid residues that most frequently occur at this position in either humans or
llamas, and may more in particular be either proline (P) or alanine (A); and/or (ii) position 42
may for example be one of the amino acid residues (i.e. human VH3 residues and/or Camelid
VHH residues) mentioned in Table A-6 of WO 08/020079 for position 42 and may in
particular be (or be chosen from) glycine (G) or glutamic acid (E); and/or (iii) position 87
may for example be one of the amino acid residues (i.e. human VH3 residues and/or Camelid
VHH residues) mentioned in Table A-7 of WO 08/020079 for position 87 and may in
particular be (or be chosen from) threonine (T) or alanine (A).

Some preferred but non-limiting examples of such serum albumin binding Nanobodies
of the invention are humanized variants of the amino acid sequence of SEQ ID NO: 52 of WO
2006/122787 (called “Alb-1” in WO 2006/122787), in which the amino acid at position 89 is
L and the amino acid at position 110 is K or Q (and which is optionally provided with a C-
terminal extension as described herein), such as the humanized variants of Alb-1 that are
given in SEQ ID NO’s: 57 to 64 of WO 2006/122787 (in each case, with a VRIL substitution
and a T110Q or T110K substitution, and optionally with a C-terminal extension) or the
humanized variants of Alb-1 that are given in SEQ ID NO’s 3 to 11 of WO 2012/175400
(again, in each case, with a V9L substitution and a T110Q or T110K substitution), of which
SEQ ID NO’s 3, 4 and 5 can optionally contain a C-terminal extension, and SEQ ID NO’s 6
to 11 already contain a C-terminal extension (and again, such variants can contain one or
more of the other specific amino acid residues/ substitutions mentioned herein, such as 11L,
L11V, L11K, 14A, P14A, 14P, A14P, 108L and/or Q108L; as well as S112K or $112Q,
although usually the presence of an additional substitution at position 112 will not often not
be required when position 89 is L and position 110 is K or Q, in which case position 112 is
preferably 8). In these VH domains against serum albumin, the amino acid at position 112 is
preferably S, and said VH domains preferably have a C-terminal end that is one of SEQ ID
NO’s: 95 to 98. Also: (i) position 41 may for example be one of the amino acid residues (i.e.
human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 41 and may in particular be (or be chosen from) proline (P), serine (S),
threonine (T), alanine (A} or leucine (L), which are some of the amino acid residues that most

frequently occur at this position in either humans or llamas, and may more in particular be
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either proline (P) or alanine (A); and/or (ii) position 42 may for example be one of the amino
acid residues {(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-
6 of WO 08/020079 for position 42 and may in particular be (or be chosen from) glycine (G)
or glutamic acid (E); and/or (iii) position 87 may for example be one of the amino acid
residues (1.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of
WO 08/020079 for position 87 and may in particular be (or be chosen from) threonine (T) or
alanine (A).

Thus, in a further aspect, the invention relates to a Nanobody of the invention (as
defined herein) that can bind (and in particular specifically bind) to serum albumin (and in

particular human serum albumin) in which:

- CDRI1 is the amino acid sequence SFGMS (SEQ ID NO:41);

- CDR2 is the amino acid sequence SISGSGSDTLYADSVKG (SEQ ID NO:42);
- CDR3 is the amino acid sequence GGSLSR (SEQ ID NO:43);

- the amino acid residue at position 8% is L;

- the amino acid residue at position 110is K or Q;

and that optionally contains at its C-terminal end a C-terminal extension (X), in whichn is 1
to 10, preferably 1 to 5, such as 1, 2, 3, 4 or 5 (and preferably 1 or 2, such as 1); and cach X
is an (preferably naturally occurring} amino acid residue that is independently chosen, and
preferably independently chosen from the group consisting of alanine (A), glycine (G), valine
(V), leucine (L) or isoleucine (1) (again, such a C-terminal extension is preferably as further
described herein, and again such a Nanobody can also for example also contain one or more
of the other specific amino acid residues/ substitutions mentioned herein, such as 11L, L11V,
L11K, 14A, P14A, 14P, A14P, 108L and/or Q108L.; as well as S112K or S112Q, although
usually the presence of an additional substitution at position 112 will not often not be required
when position 89 is L and position 110 is K or Q, in which case position 112 is preferably S).
In these VH domains against serum albumin, the amino acid at position 112 is preferably S,
and said VH domains preferably have a C-terminal end that is one of SEQ ID NO’s: 95 to 98.
Also: (i) position 41 may for example be one of the amino acid residues (i.e. human VH3
residues and/or Camelid VHH residues) mentioned in Table A-6 of WO 08/020079 for
position 41 and may in particular be (or be chosen from) proline (P), serine (8), threonine (T),
alanine (A) or leucine (L), which are some of the amino acid residues that most frequently
occur at this position in either humans or llamas, and may more in particular be either proline

(P) or alanine (A); and/or (i1) position 42 may for example be one of the amino acid residues
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(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 42 and may in particular be (or be chosen from) glycine (G) or
glutamic acid (E); and/or (i11) position 87 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of WO
08/020079 for position 87 and may in particular be (or be chosen from) threonine (T) or
alanine (A).

In a particular aspect, the invention relates to a Nanobody of the invention (as defined
herein) that can bind (and in particular specifically bind) to serum albumin (and in particular
human serum albumin) that is a humanized variant of SEQ ID NO: 52 of WO 2006/122787

in which:

- CDRI1 is the amino acid sequence SFGMS (SEQ ID NO:41);

- CDR2 is the amino acid sequence SISGSGSDTLYADSVKG (SEQ ID NO:42);
- CDR3 is the amino acid sequence GGSLSR (SEQ ID NO:43);

- the amino acid residue at position 89 is L;

- the amino acid residue at position 110 is K or Q;

and that optionally contains at its C-terminal end a C-terminal extension (X), in which n 15 1
to 10, preferably 1 to 5, such as 1, 2, 3, 4 or 5 (and preferably 1 or 2, such as 1); and each X
is an (preferably naturally occurring) amino acid residue that is independently chosen, and
preferably independently chosen from the group consisting of alanine (A), glycine (G), valine
(V), leucine (L) or 1soleucine (I) {again, such a C-terminal extension is preferably as further
described herein, and again such a Nanobody can also for example also contain one or more
of the other specific amino acid residues/ substitutions mentioned herein, such as 11L, L11V,
L11IK, 14A, P14A, 14P, A14P, 108L and/or Q108L; as well as S112K or S112Q, although
usually the presence of an additional substitution at position 112 will not often not be required
when position 89 is L and position 110 is K or Q, in which case position 112 is preferably 8)).
In these VH domains against serum albumin, the amino acid at position 112 is preferably S,
and said VH domains preferably have a C-terminal end that is one of SEQ ID NO’s: 95 to 98.
Also: (i) position 41 may for example be one of the amino acid residues (i.e. human VH3
residues and/or Camelid VHH residues) mentioned in Table A-6 of WO 08/020079 for
position 41 and may in particular be (or be chosen from) proline (P), serine (S), threonine (T),
alanine (A) or leucine (L), which are some of the amino acid residues that most frequently
occur at this position in either humans or llamas, and may more in particular be either proline

(P) or alanine (A); and/or (i) position 42 may for example be one of the amino acid residues
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(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 42 and may in particular be {or be chosen from) glycine (G) or
glutamic acid (E); and/or (iii) position 87 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of WO
08/020079 for position 87 and may in particular be (or be chosen from) threonine (T) or
alanine (A).

In a particular aspect, the invention relates to a Nanobody of the invention (as defined
herein) that can bind (and in particular specifically bind) to serum albumin (and in particular
human serum albumin) that has at least 80%, preferably at least 85%, more preferably at least
90% such as at least 95% sequence identity with at least one of Alb-1 (SEQ ID NO: 52 of
WO 2006/122787), Alb-8 (SEQ ID NO: 46 herein) and/or Alb-23 (SEQ ID NO:61 herein)
(taking into account both the framework sequences and the CDR’s, but not any C-terminal
extension), in which the amino acid residue at position 89 is L and the amino acid residue at
position 110 is K or Q, and that optionally contains at its C-terminal end a C-terminal
extension (X), in which n is 1 to 10, preferably 1 to 5, such as 1, 2, 3, 4 or 5 (and preferably 1
or 2, such as 1); and each X is an (preferably naturally occurring) amino acid residue that is
independently chosen, and preferably independently chosen from the group consisting of
alanine (A), glycine (G), valine {V), leucine (L) or isoleucine (I) (again, such a C-terminal
extension is preferably as further described herein, and again such a Nanobody can also for
example also contain one or more of the other specific amino acid residues/ substitutions
mentioned herein, such as 111, L11V, L11K, 14A, P14A, 14P, A14P, 108L and/or Q108L; as
well as S112K or S112Q), although usually the presence of an additional substitation at
position 112 will not often not be required when position 89 is L and position 110is K or Q,
in which case position 112 is preferably S). Such a Nanobody of the invention is again
preferably a humanized variant of Alb-1 (but with a V89L and T110K or T110Q substitution),
and more preferably has at least one, in particular any two, and more in particular all three of
CDR1, CDR2 and/or CDR3 given in SEQ ID NO’s 41 to 43, respectively. In these VH
domains against serum albumin, the amino acid at position 112 is preferably S, and said VH
domains preferably have a C-terminal end that is one of SEQ ID NO’s: 95 to 98. Also: (i)
position 41 may for example be one of the amino acid residues (i.e. human VH3 residues
and/or Camelid VHH residues) mentioned in Table A-6 of WO 08/020079 for position 41 and
may in particular be (or be chosen from) proline (P), serine (S), threonine (T), alanine (A) or
leucine (L), which are some of the amino acid residues that most frequently occur at this

position in either humans or llamas, and may more in particular be either proline (P) or
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alanine (A); and/or (ii) position 42 may for example be one of the amino acid residues (i.e.
human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 42 and may in particular be (or be chosen from) glycine (G) or
glutamic acid (E); and/or (iii) position 87 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of WO
08/020079 for position 87 and may in particular be (or be chosen from) threonine (T} or
alanine (A).

According to one specific aspect, any such serum albumin-binding Nanobody of the
invention with an L at position 89 and a K or Q at position 110 can also have the amino acid
residues that are characteristic of Alb-23 and its variants as described in WO 12/175400 (i.e.
the amino acid motif GP on positions 44 and 45, the amino acid motif SKN on positions 74 to
76, and preferably a G at position 16 and optionally also an R at position 83). Also: (i)
position 41 may for example be one of the amino acid residues (i.e. human VH3 residues
and/or Camelid VHH residues) mentioned in Table A-6 of WO 08/020079 for position 41 and
may in particular be (or be chosen from) proline (P), serine (S), threonine (T), alanine (A) or
leucine (L), which are some of the amino acid residues that most frequently occur at this
position in either humans or llamas, and may more in particular be either proline (P) or
alanine (A); and/or (i1) position 42 may for example be one of the amino acid residues (i.c.
human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 42 and may in particular be (or be chosen from) glycine (G) or
glutamic acid (E); and/or (iii) position 87 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of WO
08/020079 for position 87 and may in particalar be (or be chosen from) threonine (T) or
alanine (A).

As with the VH domains of the invention that contain an Q or K at position 112 or that
have a T at position 89, the VH domains of the invention that contain an L at position 89 and
a K or Q at position 110 show reduced binding by pre-existing antibodies, and in particular by
such pre-existing antibodies (as for example are found in samples obtained from SLE
patients) that are capable of binding to VH domains and Nanobodies in the presence of a C-
terminal extension.

Some non-limiting examples of VH domains of the invention that have an L at
position 89 and a K at position 110 (and in addition, a V at position 11) are given in Figure 2

as SEQ ID NO’s: 123-136. These are VH domains binding to human serum albumin and have
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the CDR’s indicated herein for the preferred serum albumin binding VH domains of the
invention.

In yet another aspect, the invention relates to an immunoglobulin heavy-chain variable
domain (VH domain) in which the amino acid residue at position 89 (Kabat numbering) is
leucine (L) and the amino acid residue at position 11 is valine (V). Such immunoglobulin
heavy-chain variable domains (VH domain} with an L at position 89 and a V at position 11
are also included in the term “VH domains of the invention™ as used herein in its broadest
sense and can further be as described herein for the other VH domains of the invention
described herein (i.e. those that comprise a K or Q at position 112, that comprise a T at
position 89, or that comprise an L at position 89 and a K or Q at position 110; albeit that for
the VH domains according to the current aspect, the amino acid residue at position 89 will be
L, at amino acid residue at position 11 will be V, and the amino acid residues at positions 110
and 112, respectively, can be any amino acid residue suitable for these positions).
Accordingly, such an immunoglobulin heavy-chain variable domain (VH domain) can have a
C-terminal extension as further described herein (including the indicated preferences for such
a C-terminal extension}; can be an ISVD and in particular a Nanobody as further described
herein,

Again, if such a VH domain of the invention has an exposed C-terminal region (for
example, because it forms the C-terminal end of the protein, polypeptide or other construct in
which it is present), it preferably contains a C-terminal extension (reference is made to the
data shown in Table C below).

Also, Nanobodies of the invention in which position 89 is L and position 11 is V (i.e.
with or without a C-terminal extension): (i) preferably contain an amino acid at position 110
that is chosen from T, I, A, K or Q (and preferably from T, K or Q, and that in particular can
be T); (ii) preferably contain an amino acid at position 112 that is chosen from S, F, K or Q
(and more preferably S, K or @, and that in particular can be S); and (iii) can for example also
contain a P14A or A14P substitution and/or a Q108L substitution, According to one specific
embodiment, in the VH domains according to this aspect of the invention, the amino acid
residue at position 110 is T and the amino acid residue at position 112 is S, and more
preferably the C-terminal end is either VTVSS (SEQ ID NO: 77) or VTVSS(X)n (SEQ ID
NO: 78), in which X and n are as defined herein for the C-terminal extension of the other VH
domains of the invention. Also, in the VH domains according to this aspect of the invention:
(i) position 41 may for example be one of the amino acid residues (i.e. human VH3 residues

and/or Camelid VHH residues) mentioned in Table A-6 of WO 08/020079 for position 41 and
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may in particular be (or be chosen from) proline (P), serine (S), threonine (T), alanine (A) or
leucine (1), which are some of the amino acid residues that most frequently occur at this
position in either humans or llamas, and may more in particular be either proline (P) or
alanine (A); and/or (ii) position 42 may for example be one of the amino acid residues (i.e.
human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 42 and may in particular be (or be chosen from) glycine (G) or
glutamic acid (E); and/or (ii1) position 87 may for example be one of the amino acid residues
(1.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of WO
08/020079 for position 87 and may in particular be (or be chosen from) threonine (T) or
alanine (A).

Thus, for example, in such VH domains of the invention in which 89 is Land 11is V,
the C-terminal end of such a VH domain may be one of (and preferably is one of) VTVSS
(SEQ ID NO:77), VTVSS(X)n (SEQ ID NO:78), VTVKS (S8EQ ID NO:1), VTVKS(X)n
(SEQ ID NO:21), VTVQS (SEQ ID NO:2), VTVQS(X)n (SEQ ID NO:22), VKVSS (SEQ D
NO: 95), VKVSS(X)n (SEQ ID NO:97), VQVSS (SEQ ID NO: 96), VQVSS(X)n (SEQ ID
NO: 98), VZVZS (SEQ ID NO: 107, in which each amino acid residue Z is independently K
or Q) or VZVZSX(n) (SEQ ID NO:108, in which each amino acid residue Z is independently
K or Q) (and is in particular one of VTVSS, VKVSS (SEQ ID NO: 95), VQVSS (SEQ ID
NO: 96), VKVSS(X), (SEQ ID NO:97) orVQVSS(X), (SEQ ID NO: 98), and may more in
particular be either VIVSS (SEQ ID NO:77) or VIVSS(X)n (SEQ ID NO:78)), in which n
and X are as further described herein for the VH domains of the invention in which position
112 is Q or K (and in which any C-terminal extension is preferably as further described herein
for the VH domains of the invention in which position 112 is Q or K). Also, as is the case for
the VH domains of the invention in which position 112 is Q or K or position 89 is T, when
such a VH domain with an L at position 89 and a V at position 11 is a nanobody, position 14
can in particular be alanine (A) or proline (P) and position 108 canbe Q or L (and in
humanized nanobodies preferably L); and such a Nanobody with an L at position 8% and a V
at position 11 can contain one or more nanobody hallmark residues and/or can be suitably
humanized. Also: (i) position 41 may for example be one of the amino acid residues (i.e.
human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 41 and may in particular be (or be chosen from) proline (P), serine (8),
threonine {(T), alanine (A) or leucine (L), which are some of the amino acid residues that most
frequently occur at this position in either humans or llamas, and may more in particular be

either proline (P) or alanine (A); and/or (ii) position 42 may for example be one of the amino
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acid residues (i.¢. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-
6 of WO 08/020079 for position 42 and may in particular be (or be chosen from) glycine (G)
or glutamic acid (E); and/or (iii) position 87 may for example be one of the amino acid
residues (i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of
WO 08/020079 for position 87 and may in particular be (or be chosen from) threonine (T) or
alanine (A).

Such a VH domain of the invention with an L at position 89 and a V at position 11 can
again also be a serum albumin Nanobody as further described herein. For example, such a
serum albumin-binding Nanobody can be one of the sequences of SEQ 1D NOs: 46 to 75, but
with an L at position 89 and a V at position 11; or another serum albumin binding Nanobody
with an L at position 89 and a V at position 11 that has at least 80%, preferably at least 85%,
more preferably at least 90% such as at least 95% sequence identity with at least one of Alb-1
(SEQ ID NO: 52 of WO 2006/122787), Alb-8 (SEQ ID NO: 46 herein) and/or Alb-23 (SEQ
[D NO:61 herein) (taking into account both the framework sequences and the CDR’s, but not
any C-terminal extension).

More generally, a VH domain against serum albumin according to this aspect of the
invention can be one of the Nanobodies against (human) serum albumin that are described in
WO 2004/041865, and in particular in WO 2006/122787 and WO 2012/175400 (all
applications from applicant/assignee), in which the amino acid at position 89 is a leucine (L)
and the amino acid residue at position 11 is V, and which is optionally provided with a C-
terminal extension as described herein (and can also for example also suitably contain one or
more of the other specific amino acid residues/ substitutions mentioned herein, such as 14A,
P14A, 14P, A14P, 108L, Q108L, V110K, V110Q, S112K and/or S112Q). Furthermore, it is
envisaged that the present invention can also be applied other serum-albumin binding heavy-
chain ISVD’s, such as those described in WO 03/035694, WO 04/003019, WO 05/118642,
WO 06/059106, WO 08/096158, WO 09/121804WO 10/108937 or US 2013/0129727, i.e. by
suitably introducing leucine (L) at position 89 and valine at position 11, and optionally one or
more of the other amino acid residues/substitutions described herein) and optionally (and
usually preferably as outlined herein) adding a C-terminal extension (as further described
herein). In these VH domains against serum albumin, the amino acid at position 112 is
preferably S, and said VH domains preferably have a C-terminal end that is one of SEQ ID
NO’s: 95 to 98. Also: (1) position 41 may for example be one of the amino acid residues (i.e.
human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 41 and may in particular be (or be chosen from) proline (P), serine (S),
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threonine (T), alanine (A) or leucine (L), which are some of the amino acid residues that most
frequently occur at this position in either humans or llamas, and may more in particular be
either proline (P) or alanine (A); and/or (ii) position 42 may for example be one of the amino
acid residues (i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-
6 of WO 08/020079 for position 42 and may in particular be (or be chosen from) glycine (G)
or gluatamic acid (E); and/or (iii) position 87 may for example be one of the amino acid
residues (i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of
WO (8/020079 for position 87 and may in particular be (or be chosen from) threonine (T) or
alanine (A).

Some preferred but non-limiting examples of such serum albumin binding Nanobodies
of the invention are humanized variants of the amino acid sequence of SEQ 1D NO: 52 of WO
2006/122787 (called “Alb-1" in WO 2006/122787), in which the amino acid at position 89 is
L and the amino acid at position 11 is V (and which is optionally provided with a C-terminal
extension as described herein), such as the humanized variants of Alb-1 that are given in SEQ
ID NQO’s: 57 to 64 of WO 2006/122787 (in each case, with a V89L substitution and a L11V
substitution, and optionally with a C-terminal extension) or the humanized variants of Alb-1
that are given in SEQ ID NO’s 3 to 11 of WO 2012/175400 (again, in each case, with a VE9L
substitution and a L11V), of which SEQ ID NO’s 3, 4 and 5 can optionally contain a C-
terminal extension, and SEQ ID NO’s 6 to 11 already contain a C-terminal extension (and
again, such variants can suitably contain one or more of the other specific amino acid
residues/ substitutions mentioned herein, such as 14A, P14A, 14P, A14P, 1081, Q108L,
T110K, T110Q, S112K and/or S112Q). In these VH domains against serum albumin with an
L at position 89 and a V at position 11, the amino acid at position 110 is preferably T and the
amino acid residue at position 112 is preferably S, and said VH domains preferably have a C-
terminal end that is one of SEQ ID NO’s: 95 to 98. Also: (i) position 41 may for example be
one of the amino acid residues (i.e. human VH3 residues and/or Camelid VHH residues)
mentioned in Table A-6 of WO 08/020079 for position 41 and may in particular be (or be
chosen from) proline (P), serine (S), threonine (T), alanine (A} or leucine (L), which are some
of the amino acid residues that most frequently occur at this position in either humans or
llamas, and may more in particular be either proline (P) or alanine (A); and/or (ii) position 42
may for example be one of the amino acid residues (i.e. human VH3 residues and/or Camelid
VHH residues) mentioned in Table A-6 of WO 08/020079 for position 42 and may in
particular be (or be chosen from) glycine (G) or glutamic acid (E); and/or (iii) position 87

may for example be one of the amino acid residues (i.e. human VH3 residues and/or Camelid
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VHH residues) mentioned in Table A-7 of WO 08/020079 for position 87 and may in
particular be (or be chosen from) threonine (T) or alanine (A).

Thus, in a further aspect, the invention relates to a Nanobody of the invention (as
defined herein) that can bind (and in particular specifically bind) to serum albumin (and in

particular human serum albumin) in which:

- CDRI is the amino acid sequence SFGMS (SEQ ID NO:41);

- CDR2 is the amino acid sequence SISGSGSDTLYADSVKG (SEQ ID NO:42);
- CDR3 is the amino acid sequence GGSLSR (SEQ ID NO:43);

- the amino acid residue at position 89 is L;

- the amino acid residue at position 11 is V;
in which preferably

- the amino acid residue at position 110 is one of K, Q or T, and more preferably T;

- the amino acid residue at position 112 is one of K, Q or S, and more preferably S;

and that optionally contains at its C-terminal end a C-terminal extension (X),in whichnis 1
to 10, preferably 1 to 5, such as 1, 2, 3, 4 or 5 (and preferably 1 or 2, such as 1); and each X
is an (preferably naturally occurring) amino acid residue that is independently chosen, and
preferably independently chosen from the group consisting of alanine (A), glycine (G), valine
(V), leucine (L) or isoleucine (1) (again, such a C-terminal extension is preferably as further
described herein, and again such a Nanobody can also for example also suitably contain one
or more of the other specific amino acid residues/ substitutions mentioned herein, such as
14A, P14A, 14P, A14P, 1081, Q108L). Again, in these VH domains against serum albumin
with an L at position 89 and a V at position 11, the amino acid at position 110 is preferably T
and the amino acid at position 112 is preferably S, and said VH domains preferably have a C-
terminal end that is one of SEQ ID NO’s: 95 to 98. Also: (i) position 41 may for example be
one of the amino acid residues (i.e. human VH3 residues and/or Camelid VHH residues)
mentioned in Table A-6 of WO 08/020079 for position 41 and may in particular be (or be
chosen from) proline (P), serine (8), threonine (T), alanine (A) or leucine (L), which are some
of the amino acid residues that most frequently occur at this position in either humans or
Hamas, and may more in particular be either proline (P) or alanine (A); and/or (ii} position 42
may for example be one of the amino acid residues (i.e. human VH3 residues and/or Camelid
VHH residues) mentioned in Table A-6 of WO 08/020079 for position 42 and may in
particular be (or be chosen from) glycine (G) or glutamic acid (E); and/or (iii) position 87
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may for example be one of the amino acid residues (i.e. human VH3 residues and/or Camelid
VHH residues) mentioned in Table A-7 of WO 08/020079 for position 87 and may in
particular be (or be chosen from) threonine (T) or alanine (A).

In a particular aspect, the invention relates to a Nanobody of the invention (as defined
herein) that can bind (and in particular specifically bind) to serum albumin (and in particular
human serum albumin) that is a humanized variant of SEQ ID NO: 52 of WO 2006/122787

in which:

- CDRI is the amino acid sequence SFGMS (SEQ ID NO:41);
- CDR2 is the amino acid sequence SISGSGSDTLYADSVKG (SEQ ID NO:42);
- CDR3 is the amino acid sequence GGSLSR (SEQ ID NO:43);
- the amino acid residue at position 89 is L;
- the amino acid residue at position 11 is V,
and preferably:
- the amino acid residue at position 110 is one of K, Q or T, and more preferably T;

- the amino acid residue at position 112 is one of K, Q or S, and more preferably S;

and that optionally contains at its C-terminal end a C-terminal extension (X), in which n is 1
to 10, preferably 1 to 5, such as 1, 2, 3, 4 or 5 (and preferably 1 or 2, such as 1); and each X
is an (preferably naturally occurring) amino acid residue that is independently chosen, and
preferably independently chosen from the group consisting of alanine (A), glycine (G), valine
(V), leucine (L) or isoleucine (I) (again, such a C-terminal extension is preferably as further
described herein, and again such a Nanobody can also for example also contain one or more
of the other specific amino acid residues/ substitutions mentioned herein, such as 11L, L11V,
L11K, 14A, P14A, 14P, A14P, 108L and/or Q108L). In these VH domains against serum
albumin with an L at position 89 and a V at position 11, the amino acid residue at position
110 is preferably T and the amino acid residue at position 112 is preferably S, and said VH
domains preferably have a C-terminal end that is one of SEQ ID NO’s: 95 1o 98. Also: (i)
position 41 may for example be one of the amino acid residues (i.e. human VH3 residues
and/or Camelid VHH residues) mentioned in Table A-6 of WO 08/020079 for position 41 and
may in particular be (or be chosen from) proline (P), serine (8), threonine (T), alanine (A) or
leucine (L), which are some of the amino acid residues that most frequently occur at this
position in either humans or llamas, and may more in particular be either proline (P) or

alanine (A); and/or (i) position 42 may for example be one of the amino acid residues (i.e.
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human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 42 and may in particular be (or be chosen from) glycine (G) or
glutamic acid (E); and/or (i) position 87 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of WO
(8/020079 for position 87 and may in particular be (or be chosen from) threonine (T) or
alanine (A).

In a particular aspect, the invention relates to a Nanobody of the invention (as defined
herein) that can bind (and in particular specifically bind) to serum albumin (and in particular
human serum albumin) that has at least 80%, preferably at least 85%, more preferably at least
90% such as at least 95% sequence identity with at least one of Alb-1 (SEQ ID NO: 52 of
WO 2006/122787), Alb-8 (SEG ID NO: 46 herein) and/or Alb-23 (SEQ ID NO:61 herein)
(taking into account both the framework sequences and the CDR’s, but not any C-terminal
extension), in which the amino acid residue at position 89 is L. and the amino acid residue at
position 11 is V, and that optionally contains at its C-terminal end a C-terminal extension (X),
in which nis 1 to 10, preferably 1 to 5, such as 1, 2, 3, 4 or 5 (and preferably 1 or 2, such as
1); and each X is an (preferably naturally occurring) amino acid residue that is independently
chosen, and preferably independently chosen from the group consisting of alanine (A),
glycine (G), valine (V), leucine (L) or isoleucine (1) (again, such a C-terminal extension is
preferably as further described herein, and again such a Nanobody can also for example also
suitably contain one or more of the other specific amino acid residues/ substitutions
mentioned herein, such as 14A, P14A, 14P, A14P, 108L, Q108L, T110K, T110Q, S112K
and/or S112Q). Such a Nanobody of the invention is again preferably a humanized variant of
Alb-1 (but with a VB9L and L11V substitution), and more preferably has at least one, in
particular any two, and more in particular all three of CDR1, CDR2 and/or CDR3 given in
SEQ ID NO’s 41 to 43, respectively. In these VH domains against serum albumin, the amino
acid at position 112 is preferably S, and said VH domains preferably have a C-terminal end
that is one of SEQ ID NO’s: 95 to 98. Also: (1) position 41 may for example be one of the
amino acid residues (i.e. human VH3 residues and/or Camelid VHH residues) mentioned in
Table A-6 of WO 08/020079 for position 41 and may in particular be (or be chosen from)
proline (P), serine (S), threonine (T), alanine (A) or leucine (L), which are some of the amino
acid residues that most frequently occur at this position in either humans or llamas, and may
more in particular be either proline (P) or alanine (A); and/or (ii) position 42 may for example
be one of the amino acid residues (i.e. human VH3 residues and/or Camelid VHH residues)

mentioned in Table A-6 of WO 08/020079 for position 42 and may in particular be (or be
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chosen from) glycine (G) or glutamic acid (E); and/or (iii) position 87 may for example be
one of the amino acid residues (i.e. human VH3 residues and/or Camelid VHH residues)
mentioned in Table A-7 of WO 08/020079 for position 87 and may in particular be (or be
chosen from) threonine (T) or alanine (A).

According to one specific aspect, any such serum albumin-binding Nanobody of the
invention with an L at position 89 and a V at position 11 can also have the amino acid
residues that are characteristic of Alb-23 and its variants as described in WO 12/175400 (i.e.
the amino acid motif GP on positions 44 and 45, the amino acid motif SKN on positions 74 to
76, and preferably a G at position 16 and optionally also an R at position 83). Also: (i)
position 41 may for example be one of the amino acid residues (i.e. human VH3 residues
and/or Camelid VHH residues) mentioned in Table A-6 of WO 08/020079 for position 41 and
may in particular be (or be chosen from) proline (P), serine (S), threonine (T), alanine (A) or
leucine (1), which are some of the amino acid residues that most frequently occur at this
position in either humans or llamas, and may more in particular be either proline (P) or
alanine (A); and/or (ii) position 42 may for example be one of the amino acid residues (i.e.
human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 42 and may in particular be (or be chosen from) glycine (G) or
glutamic acid (E); and/or (iii) position 87 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of WO
08/020079 for position 87 and may in particular be (or be chosen from) threonine (T) or
alanine (A).

As with the VH domains of the invention that contain an Q or K at position 112 or that
have a T at position 89, the VH domains of the invention that contain an L at position 89 and
a 'V at position 11 show reduced binding by pre-existing antibodies, and in particular by such
pre-existing antibodies (as for example are found in samples obtained from SLE patients) that
are capable of binding to VH domains and Nanobodies in the presence of a C-terminal
extension. One further thing to note with the VH domains of the invention is which position
89 is L and position 11 is V is that these substitutions are known to occur with some
frequency in human VH domains (see Table A-5 of WO 08/020079 for position 11 and Table
A-7 of WO 08/020079 of position 89).

Some non-limiting examples of VH domains of the invention that have a V at position
11 and a T at position 89 are given in Figure 2 as SEQ ID NO’s: 109-136. Of these VH
domains, the sequences given as SEQ ID NO’s: 123-136 contain, in addition to the L11V and

V89L mutations, also a T110K mutation. These are VH domains binding to human serum
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albumin and have the CDR’s indicated herein for the preferred serum albumin binding VH
domains of the invention.
In a further aspect, the invention relates to a VH domain (and in particular a VH

domain that is an ISVD, and more in particular a VH domain that is a nanobody), in which:

- the amino acid residue at position 11 is V; and

- the amino acid residue at position 14 is one of A or P; and

- the amino acid residue at position 41 is one of A or P; and

- the amino acid residue at position 89 is L; and

- the amino acid residue at position 108 is one of Q or L; and

- the amino acid residue at position 110 is one of T, K or Q; and

- the amino acid residue at position 112 is one of S, K or Q;

and in which said VH domain optionally contains a C-terminal extension {(X),, in which nis
1 to 10, preferably 1 to 5, such as 1, 2, 3, 4 or 5 (and preferably 1 or 2, such as 1); and each X
is an (preferably naturally occurring) amino acid residue that is independently chosen, and
preferably independently chosen from the group consisting of alanine (A), glvcine (G), valine
(V), leucine (L) or isoleucine (I) (which C-terminal extension is preferably as further
described herein). Also: (i} position 42 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 42 and may in particular be (or be chosen from) glycine (G) or
glutamic acid (E); and/or (ii) position 87 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of WO
08/020079 for position 87 and may in particular be (or be chosen from) threonine (T) or
alanine (A). Preferably, in the VH domains according to this paragraph, the amino acid
residue at position 110 is T and the amino acid residue at position 112 is S. Again, as with the
other VH domains of the invention, such a VH domain may be directed against any suitable
target (and in particular a therapeutically relevant target). According to one specific aspect,
such a VH domain is directed to serum albumin.

In a further aspect, the invention relates to a VH domain (and in particular a VH

domain that is an ISVD, and more in particular a VH domain that is a nanobody), in which:

- the amino acid residue at position 11 is one of L, V or K; and
- the amino acid residue at position 14 is one of A or P; and

- the amino acid residue at position 41 is one of A or P; and
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- the amino acid residue at position 89 is one of T, V or L; and
- the amino acid residue at position 108 is one of Q or L; and
- the amino acid residue at position 110 is one of T, K or Q; and

- the amino acid residue at position 112 is one of S, K or Q;

in which either (i) the amino acid residue at position 112 is one of K or Q; and/or (ii) the
amino acid residue at position 89 is T; and/or (iii) the amino acid residue at position 89 is L
and the amino acid residue at position 110 1s one of K or Q; and (iv) in each of cases (i) to
(111), the amino acid at position 11 is preferably V; and
in which said VH domain optionally contains a C-terminal extension (X),, in which nis 1 to
10, preferably 1 to 5, such as 1, 2, 3, 4 or 5 (and preferably 1 or 2, such as 1); and each X is
an (preferably naturally occurring) amino acid residue that is independently chosen, and
preferably independently chosen from the group consisting of alanine (A), glycine (G), valine
(V), leucine (L) or isoleucine (I} (which C-terminal extension is preferably as further
described herein). Also: (1) position 42 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 42 and may in particular be (or be chosen from) glycine (G) or
glutamic acid (E); and/or (i1} position 87 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of WO
(08/020079 for position 87 and may in particular be (or be chosen from) threonine (T) or
alanine (A). Another aspect of the invention relates to a VH domain (and in particular a VH
domain that is an ISVD, and more in particular a VH domain that is a nanobody) which is as
described in this paragraph, in which the amino acid residue at position 11 is V and the amino
acid residue at position 110 is either K or Q (and in which the amino acid residues at positions
14, 41, 89, 108 and 112 can be as listed in the above bullet points, the amino acid residues at
positions 42 and 87 can for example be as described in this paragraph, and the VH domain
can optionally contain a C-terminal extension (X), as described in this paragraph).

In a further aspect, the invention relates to a VH domain (and in particular a VH

domain that is an ISVD, and more in particular a VH domain that is a nanobody), in which:;

- the amino acid residue at position 11 is one of L, V or K; and
- the amino acid residue at position 14 is one of A or P; and
- the amino acid residue at position 41 is one of A or P; and
- the amino acid residue at position 89 is one of T, V or L; and

- the amino acid residue at position 108 is one of Q or L; and
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- the amino acid residue at position 110 is one of T, K or Q; and

- the amino acid residue at position 112 is one of 8, K or Q;

in which either (i) the amino acid residue at position 112 is one of K or Q, the amino at
position 89 is one of T, V or L (and is preferably V), and the amino acid residue at position
110 1s one of T, K or Q (and is preferably T); and/or (ii) the amino acid residue at position 89
is T, and the amino acid residue at position 112 is one of S, K or Q (and is preferably 8), and
the amino acid residue at position 110 is one of T, K or Q (and is preferably T); and/or (iii)
the amino acid residue at position 89 is L and the amino acid residue at position 110 is one of
K or Q, and the amino acid residue at position 112 is one of 8, K or Q (and is preferably S);
and (iv) in each of cases (i} to (iii), the amino acid at position 11 is preferably V; and
in which said VH domain optionally contains a C-terminal extension (X),, in which nis 1 to
10, preferably 1 t0 5, such as 1, 2, 3, 4 or 5 (and preferably 1 or 2, such as 1); and each X is
an (preferably naturally occurring) amino acid residue that is independently chosen, and
preferably independently chosen from the group consisting of alanine (A), glycine (G), valine
(V), leucine (L) or isoleucine (I) (which C-terminal extension is preferably as further
described herein). Also: (i) position 42 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 42 and may in particular be (or be chosen from) glycine (G) or
glutamic acid (E); and/or (ii) position 87 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of WO
08/020079 for position §7 and may in particular be (or be chosen from) threonine (T) or
alanine (A). Another aspect of the invention relates to a VH domain (and in particular a VH
domain that is an ISVD, and more in particular a VH domain that is a nanobody) which is as
described in this paragraph, in which the amino acid residue at position 11 is V and the amino
acid residue at position 110 is either K or Q (and in which the amino acid residues at positions
14, 41, 89, 108 and 112 can be as listed in the above bullet points, the amino acid residues at
positions 42 and 87 can for example be as described in this paragraph, and the VH domain
can optionally contain a C-terminal extension (X), as described in this paragraph).

In a further aspect, the invention relates to a VH domain (and in particular a VH

domain that is an ISVD, and more in particular a VH domain that is a nanobody), in which:

- the amino acid residue at position 11 1s one of L, V or K; and
- the amino acid residue at position 14 is one of A or P; and

- the amino acid residue at position 41 is one of A or P; and
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- the amino acid residue at position 89 is one of T, V or L; and
- the amino acid residue at position 108 is one of Q or L; and
- the amino acid residue at position 110 is one of T, K or Q; and

- the amino acid residue at position 112 is one of S, K or Q;

in which either (i) the amino acid residue at position 112 is one of K or Q; or (ii) the amino
acid residue at position 89 is T; or (iii} the amino acid residue at position 89 is L and the
amino acid residue at position 110 is one of K or Q; and (iv) in each of cases (i) to (iii), the
amino acid at position 11 is preferably V; and
in which said VH domain optionally contains a C-terminal extension (X),, in which nis 1 to
10, preferably 1 to 5, such as 1, 2, 3, 4 or 5 (and preferably 1 or 2, such as 1); and each X is
an (preferably naturally occurring) amino acid residue that is independently chosen, and
preferably independently chosen from the group consisting of alanine (A), glycine (G), valine
{V), leucine (L) or isoleucine (I} (which C-terminal extension is preferably as further
described herein). Also: (i) position 42 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 42 and may in particular be (or be chosen from) glycine (G) or
glutamic acid (E); and/or (ii) position 87 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of WO
08/020079 for position 87 and may in particular be (or be chosen from) threonine (T) or
alanine {A). Another aspect of the invention relates to a VH domain (and in particular a VH
domain that is an ISVD, and more in particular a VH domain that is a nanobody) which is as
described in this paragraph, in which the amino acid residue at position 11 is V and the amino
acid residue at position 110 is either K or Q (and in which the amino acid residues at positions
14, 41, 89, 108 and 112 can be as listed in the above bullet points, the amino acid residues at
positions 42 and 87 can for example be as described in this paragraph, and the VH domain
can optionally contain a C-terminal extension (X), as described in this paragraph).

In a further aspect, the invention relates to a VH domain (and in particular a VH

domain that is an ISVD, and more in particular a VH domain that is a nanobody), in wi * °

- the amino acid residue at position 11 is one of L, V or K; and
- the amino acid residue at position 14 is one of A or P; and
- the amino acid residue at position 41 is one of A or P; and
- the amino acid residue at position 89 is one of T, V or L; and

- the amino acid residue at position 108 is one of Q or L; and
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- the amino acid residue at position 110 1s one of T, K or Q; and

- the amino acid residue at position 112 is one of §, K or Q;

in which either (i) the amino acid residue at position 112 is one of K or Q, the amino at
position 89 is one of T, V or L {and is preferably V), and the amino acid residue at position
110 is one of T, K or Q (and is preferably T); or (ii) the amino acid residue at position 89 is T,
and the amino acid residue at position 112 is one of S, K or Q (and is preferably S), and the
amino acid residue at position 110 is one of T, K or Q (and is preferably T); or (iii) the amino
acid residue at position 89 is L, and the amino acid residue at position 110 is one of K or Q,
and the amino acid residue at position 112 is one of S, K or Q (and is preferably S); and (iv)
in each of cases (i) to (iii}, the amino acid at position 11 is preferably V;
and in which said VH domain optionally contains a C-terminal extension (X),, in which n is
1 to 10, preferably 1 to 5, such as 1, 2, 3, 4 or 5 (and preferably 1 or 2, such as 1); and each X
is an (preferably naturally occurring) amino acid residue that is independently chosen, and
preferably independently chosen from the group consisting of alanine (A), glycine (G), valine
{V), leucine (L) or isoleucine (I) (which C-terminal extension is preferably as further
described herein). Also: (i) position 42 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 42 and may in particular be (or be chosen from) glycine (G) or
glutamic acid (E); and/or (ii) position 87 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of WO
08/020079 for position 87 and may in particular be (or be chosen from) threonine (T) or
alanine (A). Another aspect of the invention relates to a VH domain (and in particular a VH
domain that is an ISVD, and more in particular a VH domain that is a nanobody) which is as
described in this paragraph, in which the amino acid residue at position 11 is V and the amino
acid residue at position 110 is either K or Q (and in which the amino acid residues at positions
14, 41, 89, 108 and 112 can be as listed in the above bullet points, the amino acid residues at
positions 42 and 87 can for example be as described in this paragraph, and the VH domain
can optionally contain a C-terminal extension (X), as described in this paragraph).

In a further aspect, the invention relates to a VH domain (and in particular a VH

domain that 1s an ISVD, and more in particular a VH domain that is a nanobody), in which:

- the amino acid residue at position 11 is one of L, V or K; and
- the amino acid residue at position 14 is one of A or P; and

- the amino acid residue at position 41 is one of A or P; and
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the amino acid residue at position 89 isone of T, V or L; and
- the amino acid residue at position 108 is one of Q or L; and
- the amino acid residue at position 110 is one of T, K or Q; and

- the amino acid residue at position 112 is one of S, K or Q;

in which either (i) the amino acid residue at position 112 is one of K or Q, the amino at
position 89 is V, and the amino acid residue at position 110 is T; or (ii) the amino acid residue
at position 89 is T, the amino acid residue at position 112 is S, and the amino acid residue at
position 110 is T; or (iii) the amino acid residue at position 89 is L and the amino acid residue
at position 110 is one of K or Q, and the amino acid residue at position 112 is S (and is
preferably S); and (iv} in each of cases (i) to (iii), the amino acid at position 11 is preferably
V; and
in which said VH domain optionally contains a C-terminal extension (X),, in which nis 1 to
10, preferably 1 to 5, such as 1, 2, 3, 4 or 5 (and preferably 1 or 2, such as 1); and each X is an
(preferably naturally occurring) amino acid residue that is independently chosen, and
preferably independently chosen from the group consisting of alanine (A), glycine (G), valine
(V), leucine (L) or isoleucine (I} (which C-terminal extension is preferably as further
described herein). Also: (1) position 42 may for example be one of the amino acid residues
{i.c. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 42 and may in particular be (or be chosen from) glycine (G) or
glutamic acid (E); and/or (i1) position 87 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of WO
08/020079 for position 87 and may in particular be (or be chosen from) threonine (T) or
alanine (A). Another aspect of the invention relates to a VH domain (and in particular a VH
domain that is an ISVD, and more in particular a VH domain that is a nanobody) which is as
described in this paragraph, in which the amino acid residue at position 11 is V and the amino
acid residue at position 110 1s either K or Q (and in which the ammo acid residues at positions
14, 41, 89, 108 and 112 can be as listed in the above bullet points, the amino acid residues at
positions 42 and 87 can for example be as described in this paragraph, and the VH domain
can optionally contain a C-terminal extension (X), as described in this paragraph).

In a further aspect, the invention relates to a VH domain (and in particular a VH

domain that is an ISVD, and more in particular a VH domain that is a nanobody), in which:

- the amino acid residue at position 11 is one of L, V or K; and

- the amino acid residue at position 14 is one of A or P; and
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- the amino acid residue at position 41 is one of A or P; and

- the amino acid residue at position 89 is one of T, V or L; and

- the amino acid residue at position 108 is one of Q or L; and

- the amino acid residue at position 110 is one of T, K or Q; and

- the amino acid residue at position 112 is one of 8, K or Q;

in which either (1) the amino acid residue at position 112 is one of K or (Q; and/or (i1} the
amino acid residue at position 89 1s T; and/or (iii) the amino acid residue at position 89 is L.
and the amino acid residue at position 110 is one of K or Q; and (iv) in each of cases (i) to
(iii), the amino acid at position 11 is preferably V; and
in which said VH domain contains a C-terminal extension (X),, in which nis 1 to 10,
preferably 1 to 5, such as 1, 2, 3, 4 or 5 (and preferably 1 or 2, such as 1); and each X is an
(preferably naturally occurring) amino acid residue that is independently chosen, and
preferably independently chosen from the group consisting of alanine (A), glycine (G), valine
(V), leucine (L} or isoleucine (1) (which C-terminal extension is preferably as further
described herein). Also: (i) position 42 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
(08/020079 for position 42 and may in particular be (or be chosen from) glycine (G) or
glutamic acid (E); and/or (ii) position 87 may for exampie be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of WO
08/020079 for position 87 and may in particular be (or be chosen from) threonine (T) or
alanine (A). Another aspect of the invention relates to a VH domain (and in particular a VH
domain that is an ISVD, and more in particular a VH domain that is a nanobody) which is as
described in this paragraph, in which the amino acid residue at position 11 is V and the amino
acid residue at position 110 is either K or Q (and in which the amino acid residues at positions
14, 41, 89, 108 and 112 can be as listed in the above bullet points, the amino acid residues at
positions 42 and 87 can for example be as described in this paragraph, and the VH domain
can optionally contain a C-terminal extension (X), as described in this paragraph).

In a further aspect, the invention relates to a VH domain (and in particular a VH

domain that is an ISVD, and more in particular a VH domain that is a nanobody), in which:

- the amino acid residue at position 11 is one of L, V or K; and

3

the amino acid residue at position 14 is one of A or P; and

the amino acid residue at position 41 is one of A or P; and

the amino acid residue at position 89 is one of T, V or L; and
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- the amino acid residue at position 108 is one of Q or L; and
- the amino acid residue at position 110 is one of T, K or Q; and

- the amino acid residue at position 112 is one of S, K or Q;

in which either (i) the amino acid residue at position 112 is one of K or Q, the amino at
position 89 is one of T, V or L (and is preferably V), and the amino acid residue at position
110 is one of T, K or Q (and is preferably T); and/or (ii) the amino acid residue at position 89
is T, and the amino acid residue at position 112 is one of S, K or Q (and is preferably S), and
the amino acid residue at position 110 is one of T, K or Q (and is preferably T); and/or (iii)
the amino acid residue at position 89 is L and the amino acid residue at position 110 is one of
K or Q, and the amino acid residue at position 112 is one of S, K or Q (and is preferably S);
and (1v) in each of cases (1) to (111), the amino acid at position 11 is preferably V; and
in which said VH domain contains a C-terminal extension (X),, in which nis 1 to 10,
preferably 1 to 5, such as 1, 2, 3, 4 or 5 (and preferably 1 or 2, such as 1); and each X is an
(preferably naturally occurring) amino acid residue that is independently chosen, and
preferably independently chosen from the group consisting of alanine (A), glycine (G), valine
(V), leucine (L) or isoleucine (I} (which C-terminal extension is preferably as further
described herein). Also: (i) position 42 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 42 and may in particular be (or be chosen from) glycine (G) or
glutamic acid (E); and/or (ii) position 87 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of WO
08/020079 for position 87 and may in particular be (or be chosen from) threonine (T) or
alanine {A). Another aspect of the invention relates to a VH domain (and in particular a VH
domain that is an ISVD, and more in particular a VH domain that is a nanobody) which is as
described in this paragraph, in which the amino acid residue at position 11 is V and the amino
acid residue at position 110 is either K or Q (and in which the amino acid residues at positions
14, 41, 89, 108 and 112 can be as listed in the above bullet points, the amino acid residues at
positions 42 and 87 can for example be as described in this paragraph, and the VH domain
can optionally contain a C-terminal extension (X), as described in this paragraph).

In a further aspect, the invention relates to a VH domain (and in particular a VH

domain that is an ISVD, and more in particular a VH domain that is a nanobody), in which:

- the amino acid residue at position 11 is one of L, V or K; and

- the amino acid residue at position 14 is one of A or P; and
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- the amino acid residue at position 41 1s one of A or P; and

- the amino acid residue at position 89 is one of T, V or L; and

- the amino acid residue at position 108 1s one of Q or L; and

- the amino acid residue at position 110 is one of T, K or Q; and

- the amino acid residue at position 112 is one of §, K or Q;

in which either (i} the amino acid residue at position 112 is one of K or Q; or (ii) the amino
acid residue at position 89 is T; or (iii) the amino acid residue at position 89 is L and the
amino acid residue at position 110 is one of K or Q; and (iv}) in each of cases (i) to (iii), the
amino acid at position 11 is preferably V; and
in which said VH domain contains a C-terminal extension (X),, in which nis 1 to 10,
preferably 1 to 5, such as 1, 2, 3, 4 or 5 (and preferably 1 or 2, such as 1); and each X is an
(preferably naturally occurring) amino acid residue that is independently chosen, and
preferably independently chosen from the group consisting of alanine (A), glycine (G), valine
{V), leucine (L) or isoleucine (I) (which C-terminal extension is preferably as further
described herein). Also: (i) position 42 may for example be one of the amino acid residues
(1.e. human VH3 residues and/or Camelid VHH residues) mentioned m Table A-6 of WO
08/020079 for position 42 and may in particular be (or be chosen from) glycine (G) or
glutamic acid (E); and/or (ii) position 87 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of WO
08/020079 for position 87 and may in particular be (or be chosen from} threonine (T) or
alanine (A). Another aspect of the invention relates to a VH domain (and in particular a VH
domain that is an [SVD, and more in particular a VH domain that is a nanobody) which is as
described in this paragraph, in which the amino acid residue at position 11 is V and the amino
acid residue at position 110 is either K or Q (and in which the amino acid residues at positions
14, 41, 89, 108 and 112 can be as listed in the above bullet points, the amino acid residues at
positions 42 and 87 can for example be as described in this paragraph, and the VH domain
can optionally contain a C-terminal extension (X), as described in this paragraph).

In a further aspect, the invention relates to a VH domain (and in particular a VH

domain that is an ISVD, and more in particular a VH domain that is a nanobody), in which:

- the amino acid residue at position 11 is one of L, V or K; and
- the amino acid residue at position 14 is one of A or P; and
- the amino acid residue at position 41 is one of A or P; and

- the amino acid residue at position 89 is one of T, V or L; and
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- the amino acid residue at position 108 is one of Q or L; and
- the amino acid residue at position 110 is one of T, K or Q; and

- the amino acid residue at position 112 is one of S, K or Q;

in which either (i) the amino acid residue at position 112 is one of K or Q, the amino at
position 89 is one of T, V or L (and is preferably V), and the amino acid residue at position
110isone of T, K or Q (and is preferably T); or (ii) the amino acid residue at position 89 is T,
and the amino acid residue at position 112 is one of 8, K or @ (and is preferably S), and the
amino acid residue at position 110 is one of T, K or Q (and is preferabiy T); or (iii) the amino
acid residue at position 89 is L, and the amino acid residue at position 110 is one of K or Q,
and the amino acid residue at position 112 is one of 8, K or Q (and is preferably S); and (iv)
in each of cases (i) to (iii), the amino acid at position 11 is preferably V; and
in which said VH domain contains a C-terminal extension (X),, in which nis 1 to 10,
preferably 1 to 5, such as 1, 2, 3, 4 or 5 (and preferably 1 or 2, such as 1); and each X is an
(preferably naturally occurring) amino acid residue that is independently chosen, and
preferably independently chosen from the group consisting of alanine (A), glycine (G), valine
(V), leucine (1.} or isoleucine (I} (which C-terminal extension is preferably as further
described herein). Also: (i) position 42 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 42 and may in particular be (or be chosen from) glycine (G) or
glutamic acid (E); and/or (it) position 87 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of WO
08/020079 for position 87 and may in particular be (or be chosen from) threonine (T) or
alanine (A). Another aspect of the invention relates to a VH domain (and in particular a VH
domain that is an ISVD, and more in particular a VH domain that is a nanobody) which is as
described in this paragraph, in which the amino acid residue at position 11 is V and the amino
acid residue at position 110 is either K or Q@ (and in which the amino acid residues at positions
14,41, 89, 108 and 112 can be as listed in the above bullet points, the amino acid residues at
positions 42 and 87 can for example be as described in this paragraph, and the VH domain
can optionally contain a C-terminal extension (X), as described in this paragraph).

In a further aspect, the invention relates to a VH domain (and in particular a VH

domain that is an ISVD, and more in particular a VH domain that is a nanobody}, in which:

- the amino acid residue at position 11 isoneof L, V or K; and

- the amino acid residue at position 14 is one of A or P; and
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- the amino acid residue at position 4! is one of A or P; and

- the amino acid residue at position 89 is one of T, V or L; and

- the amino acid residue at position 108 is one of Q or L; and

- the amino acid residue at position 110 is one of T, K or Q; and

- the amino acid residue at position 112 is one of S, K or Q;

in which either (i) the amino acid residue at position 112 is one of K or Q, the amino at
position 89 is V, and the amino acid residue at position 110 is T; or (ii) the amino acid residue
at position 89 is T, the amino acid residue at position 112 is S, and the amino acid residue at
position 110 is T; or (iii) the amino acid residue at position 89 is L and the amino acid residue
at position 110 is one of K or Q, and the amino acid residue at position 112 is S (and is
preferably S); and (iv) in each of cases (i} to (iii), the amino acid at position 11 is preferably
V; and
in which said VH domain contains a C-terminal extension (X),, in which nis 1 to 10,
preferably 1 fo 5, such as 1, 2, 3, 4 or 5 (and preferably 1 or 2, such as 1); and each X is an
(preferably naturally occurring) amino acid residue that is independently chosen, and
preferably independently chosen from the group consisting of alanine (A), glycine (G), valine
{V), leucine (L) or isoleucine (I) (which C-terminal extension is preferably as further
described herein). Also: (1) position 42 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 42 and may in particular be (or be chosen from) glycine (G) or
glutamic acid (E); and/or (i1} position 87 may for example be one of the amino acid residues
{i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of WO
08/020079 for position 87 and may in particular be {or be chosen from) threonine (T) or
alanine (A). Another aspect of the invention relates to a VH domain (and in particular a VH
domain that is an ISVD), and more in particular a VH domain that is a nanobody) which is as
described in this paragraph, in which the amino acid residue at position 11 is V and the amino
acid residue at position 110 is either K or Q (and in which the amino acid residues at positions
14, 41, 89, 108 and 112 can be as listed in the above bullet points, the amino acid residues at
positions 42 and 87 can for example be as described in this paragraph, and the VH domain
can optionally contain a C-terminal extension (X), as described in this paragraph).

Again, in the VH domains of the invention as defined herein, the amino acid residues
at positions that are not explicitly defined herein can be any amino acid residue that is suitable

at such a position for VH domains, and in particular for ISVD’s and more in particular for
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nanobodies (including humanized VHH domains). Reference is again made to the prior art
cited herein, such as for example Tables A-3 and A-5 to A-8 of WO 08/020079. Preferably, in
each case, the amino acid residue at position 11 is L or V, and more preferably V. Also: (i)
position 41 may for example be one of the amino acid residues (i.e. human VH3 residues
and/or Camelid VHH residues) mentioned in Table A-6 of WO 08/020079 for position 41 and
may in particular be (or be chosen from) proline (P), serine (S), threonine (T), alanine (A) or
leucine (L), which are some of the amino acid residues that most frequently occur at this
position in either humans or llamas, and may more in particular be either proline (P) or
alanine (A); and/or (ii) position 42 may for example be one of the amino acid residues (i.e.
human VH3 residues and/or Camelid VHH residues) mentioned in Table A-6 of WO
08/020079 for position 42 and may in particular be (or be chosen from) glycine (G) or
glutamic acid (E); and/or (iii} position 87 may for example be one of the amino acid residues
(i.e. human VH3 residues and/or Camelid VHH residues) mentioned in Table A-7 of WO
08/020079 for position 87 and may in particular be (or be chosen from) threonine (T) or
alanine (A).

Also, said VH domain of the invention can be directed against any suitable target, and
in particular a therapeutic target. In one aspect, they are directed against a human serum
protein such as human serum albumin.

The invention also relates to proteins, polypeptides, constructs, compounds or other
chemical entities that comprise at least one VH domain of the invention (also collectively
referred to herein as “compounds of the invention™).

As further described herein, according to one specific aspect, in a compound of the
invention, the VH domain of the invention is present at/forms the C-terminal end of the same.
In such a case, the VH domain of the invention that forms/is present at the C-terminal end of
the compound of the invention preferably has a C-terminal extension as described herein.

As also further described herein, the compounds of the invention can be a ScFv,
diabody or another protein, polypeptide or construct in which the one or more VH domains of
the invention are associated with one or more VL domains to form one or more functional
antigen-binding sites.

However, according to a preferred aspect of the invention, the VH domains of the
invention are ISVD’s and the compounds of the invention are proteins, polypeptides,
constructs, compounds or other chemical entities that comprise or essentially consist of at
least one ISVD of the invention and optionally one or more further amino acid sequences,

moieties, binding domains or binding units (suitably linked to each other, optionally via one
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or more linkers). In particular, such compounds of the invention can comprise or essentially
consist of one or more ISVD’s, at least one of which is an ISVD of the invention. Such a
compound of the invention may in particular have an ISVD of the invention at its C-terminal
end, in which case the ISVD of the invention also preferably has a C-terminal extensions as
described herein. Also, if such a compound of the invention contains two or more ISVDs, two
or more or essentially all of the ISVD’s present may be ISVD’s of the invention (i.e. each
having at least one of the following amino acid residues/substitutions: 112K, 112Q, S112K,
S$112Q, 89T and/or V89T, or the combination of V89L with T110K or T110Q; and optionally
one or more of the further substitutions mentioned herein for ISVD’s of the invention, such as
I.11V). Also, in such a compound of the invention, the ISVD of the invention is preferably a
Nanobody of the invention, and all or essentially all of the ISVD’s present in the compound
of the invention may be (and preferably are) Nanobodies (and in particular Nanobodies of the
mvention, i.e. each having at least one of the following amino acid residues/substitutions:
112K, 112Q, S112K, S112Q, 89T and/or V89T, or the combination of V89L with T110K or
T110Q; and optionally one or more of the further substitutions mentioned herein for
Nanobodies of the invention, such as L11V). Examples of such compounds of the invention
will be clear to the skilled person based on the further disclosure herein.

Some non-limiting examples of proteins, polypeptides, constructs, compounds or other
chemical entities that comprise one or more ISVD’s (including at least one ISVD of the
invention) are multivalent, multispecific (such as bispecific) or multiparatopic (such as
biparatopic) constructs that contain two or more ISVD's linked directly or via one or more
suitable linkers. Again, the ISVD’s are preferably Nanobodies. For some non-limiting
examples of such constructs and a general teaching on how such constructs can be made (in
particular based on Nanobodies) reference is for example made to Conrath et al., JBC 276,
10(9), 7346 (2001) as well as to the review article by Muyldermans. Reviews in Mol.
Biotechnol., 74: 27 (2001).

For example, such a compound of the invention containing two or more ISVD’s (at
least one of which is an ISVD of the invention) may be a bivalent, trivalent, tetravalent or
pentavalent construct, and/or may be a monospecific, bispecific, trispecific construct, and/or
may be a biparatopic or triparatopic construct. Reference is again made to the prior art on
IVSD-based and Nanobody-based biologicals cited herein. Also, such a compound of the
invention may have been provided with an increased half-life by functionalization and/or by
including in the construct a moiety or binding unit that increases the half-life of the construct.

Examples of such functionalization, moieties or binding units will be c¢lear to the skilled



10

20

30

70

person and may for example be as described herein, and for example may include pegylation,
fusion to serum albumin, or fusion to a peptide or binding unit that can bind to a serum
protein such as serum albumin. Such a serum-albumin binding peptide or binding domain
may be any suitable serum-albumin binding peptide or binding domain capable of increasing
the half-life of the construct (compared to the same construct without the serum-albumin
binding peptide or binding domain), and may in particular be serum albumin binding peptides
as described in WO 2008/068280 by applicant (and in particular WO 2009/127691 and the
non-prepublished US application 61/301,819, both by applicant), or a serum-~albumin binding
ISV (such as a serum-albumin binding Nanobody; for example Alb-1 or a humanized version
of Alb-1 such as Alb-8, for which reference is for example made to WO 06/122787), or an
ISVD of the invention that is directed against a (human) serum protein such as (human) serum
albumin (as further described herein). Generally, any compound of the invention with
increased half-life will preferably have a half-life (as defined herein) in human subjects of at
least 1 day, preferably at least 3 days, more preferably at least 7 days, such as at least 10 days.

When the compound of the invention comprises at least one (and preferably one)
ISVD of the invention (and in particular Nanobody of the invention) that is directed against a
(human) serum protein and in particular against (human) serum albumin, the compound of the
invention will usually further contain one or more other therapeutically active amino acid
sequences, moieties, binding domains or binding units (i.e. directed against a therapeutically
relevant target, pathway or mechanism), and the ISVD of the invention will function to extend
the half-life of the same {and of the entire compound). Again, said one or more further
therapeutically active moieties are preferably ISVD’s (and more preferably Nanobodies), and
may also be [IVSD’s of the invention (and more preferably Nanobodies of the invention). In
such compounds of the invention, the ISVD of the invention that is directed against human
serum albumin may again be present at/forms the C-terminal end of the compound, and in that
case may (and preferably does) comprise a C-terminal extension as described herein. When a
compound of the invention contains an ISVD of the invention that is directed against (human)
serum albumin, said the compound of the invention preferably has a half-life (as defined
herein) of at least 1 day, preferably at least 3 days, more preferably at least 7 days, such as at
least 10 days in the human subject to which the same is/has been administered. Some non-
limiting examples of ISVD’s of the invention against human serum albumin that can be used
for this purpose are as further described herein.

In one aspect, all of the ISVD’s or nanobodies present in said compound of the

invention are ISVD’s of the invention (meaning that they have the amino acid
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residues/substitutions that are characteristic of the VH domains of the invention as defined
herein, i.e. at least 112K or Q, or at least 89T, or at least 89L in combination with 110K or
110Q). When ail the ISVD’s in the compound of the invention are ISVD’s of the invention,
they can have the same substitutions (for example all have an S112K or S112Q substitution)
or different substitutions (for example, one can have an S1112K or S112Q substitution, and
another can have a V89L mutation in combination with T110K or T110Q). Also, usually only
the ISVD at the C-terminal end of the compound of the invention will have a C-terminal
extension (as the others will likely be linked at their C-terminal end to another ISVD present
in the compound).

Thus, in a further aspect, the invention relates a protein, polypeptide or other
compound or molecule that comprises or essentially consists of an ISVD of the invention (as
further described herein).

The invention further relates to a protein, polypeptide or other compound or molecule
that comprises at least one ISVD of the invention and at least one other therapeutic moiety or
entity (either linked directly or via a suitable linker).

The mvention further relates to a protein, polypeptide or other compound or molecule
that comprises at least one ISVD of the invention that is directed against a (human) serum
protein (and preferably against human serum albumin) and at least one other therapeutic
moiety or entity {either linked directly or via a suitable linker).

The invention further relates to a protein, polypeptide or other compound or molecule
that comprises at least two (such as two, three or four) immunogiobulin single variable
domains (either linked directly or via a suitable linker), at least one of which is an ISVD of
the invention. In this aspect: (i) the ISVD’s present may suitably be the same or different; and
when they are different they may be directed against the same target (for example, they may
have different sequences and/or be directed against different epitopes on the same target) or
against two or more different targets (i.e. such that the resulting protein, polypeptide or other
compound or molecule is a bi- or multispecific construct); and/or (ii) the ISVD present at the
C-terminal end of the protein, polypeptide or other compound or molecule may or may not be
an ISVD of the invention (but preferably is); and/or (iii) when an ISVD of the invention is
present at the C-terminal end of the protein, polypeptide or other compound or molecule, it
preferably has a C-terminal extension as described herein; and/or (iv) essentially all of the
ISVD’s present in the protein, polypeptide or other compound or molecule may be ISVD’s of
the invention. Also, when the ISVD’s are directed against different targets (as least one of

which is a therapeutic target), according to one further aspect at least one of the ISVD’s
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present may be directed against a (human) serum protein such as human serum albumin (and
this ISVD may or may not be an ISVD of the invention; and when it is an ISVD of the
invention, it is preferably a nanobody against human serum albumin that is as further
described herein).

The invention further relates to such a protein, polypeptide or other compound or
molecule that comprises or essentially consists of two immunoglobulin single variable
domains (either linked directly or via a suitable linker).

The invention further relates to such a protein, polypeptide or other compound or
molecule that comprises or essentially consists of three immunoglobulin single variable
domains (either linked directly or via a suitable linker).

The invention further relates to such a protein, polypeptide or other compound or
molecule comprises or essentially consists of four immunoglobulin single variable domains
(either linked directly or via a suitable linker).

The invention further relates to such a protein, polypeptide or other compound or
molecule that further comprises at least one moiety, binding domain or binding unit that
confers an increased half-life to said protein, polypeptide or other compound or molecule (i.e.
compared to the corresponding protein, polypeptide or other compound or molecule without
said moiety, binding domain or binding unit). According to a more specific aspect, said at
least one moiety, binding domain or binding unit that confers an increased half-life to said
protein, polypeptide or other compound or molecule is an immunoglobulin single variable
domain, more in particular an immunoglobulin single variable domain that is directed against
a serum protein (such as serum albumin), and in particular against a human serum protein
(such as human serum albumin); and as described herein may in particular be an ISVD of the
invention. Said ISVD against the serum protein may be at the N-terminal end of the protein,
polypeptide or other compound or molecule, at the C-terminal end, or (if the protein,
polypeptide or other compound or molecule comprises more than two ISVD’s) in the middle
of the molecule.

The invention further relates to such a protein, polypeptide or other compound or

molecule comprises or essentially consists of either:

- two immunoglobulin single variable domains (either linked directly or via a suitable
linker), i.e. (said) one immunoglobulin single variable domain (such as a nanobody) that
confers an increased half-life and one other immunoglobulin single variable domain (such

as a nanobody) that may in particular be directed against a therapeutic target;
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- three immunoglobulin single variable domains (either linked directly or via a suitable
linker), i.e. (said) one immunoglobulin single variable domain (such as a nanobody) that
confers an increased half-life and two other immunoglobulin single variable domains
(such as two other nanobodies) that may in particular be directed against a therapeutic
target (in which said two other immunoglobulin single variable domains may be directed
against the same target, against two different targets or against two different epitopes on
the same target); or

- four immunoglobulin single variable domains (either linked directly or via a suitable
linker), i.e. (said) one immunoglobulin single variable domain (such as a nanobody) that
confers an increased half-life and two other immunoglobulin single variable domains
(such as two other nanobodies) that may in particular be directed against a therapeutic
target (in which said three other immunoglobulin single variable domains may be directed
against the same target, against two or three different targets and/or against two or three

different epitopes on the same target).

Again, in such a protein, polypeptide or other compound or molecule: (i) the ISVD’s
present may suitably be the same or different; and when they are difterent they may be
directed against the same target (for example, they may have different sequences and/or be
directed against different epitopes on the same target) or against two or more different targets
(i.e. such that the resulting protein, polypeptide or other compound or molecule is a bi- or
multispecific construct); and/or (ii) the ISVD present at the C-terminal end of the protein,
polypeptide or other compound or molecule may or may not be an ISVD of the invention (but
preferably is); and/or (iii) when an ISVD of the invention is present at the C-terminal end of
the protein, polypeptide or other compound or molecule, it preferably has a C-terminai
extension as described herein; and/or (iv) essentially all of the ISVD’s present in the protein,
polypeptide or other compound or molecule may be ISVD’s of the invention.

The invention further relates to methods for expressing/producing/manufacturing the
VH domains of the invention and the compounds of the invention (as further described
herein). For example, a VH domain of the invention can be expressed/produced by suitably
expressing a nucleic acid that encodes the same in a suitable host organism. Reference is for
exampie made to WO 08/020079 (as well as to some of the other patent applications of
applicant/assignee cited herein), that generally describes suitable methods and techniques for
expressing/producing Nanobodies, which methods can also suitably be used to

express/produce Nanobodies of the invention. Methods for expressing VH domains of the
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invention other than nanobodies will also be clear to the skilled person based on the
disclosure and prior art cited herein. Compounds of the invention can be suitably
manufactured/produced by suitably linking (usually via covalent bonds) one or more VH
domains of the invention to the one or more further amino acid residues (and/or other groups
or moieties) that are to be present in the final compound of the invention, optionally via one
or more linkers or spacers. Alternatively, when a compound of the invention is a protein or
polypeptide, it can be manufactured/produced by suitably expressing a nucleic acid that
encodes the same in a suitable host organism. Reference is again for example made to the
general methods described in WO 08/020079 and in some of the other patent applications of
applicant/assignee cited herein.

The invention also relates to a nucleotide sequence and/or nucleic acid that encodes a
VH domain of the invention or a compound of the invention. Such a nucleic acid can be DNA
or RNA; and is preferably DNA and can be in the form of a plasmid or vector. Reference is
again for example made to WO 08/020079 and to some of the other patent applications of
applicant/assignee cited herein.

The invention also relates to a composition that comprises at least one VH domain of
the invention, compound of the invention or nucleic acid encoding either of the same.

The invention further relates to a pharmaceutical composition that comprises an ISV
(and preferably a therapeutic ISV) or a protein or polypeptide comprising at least one ISV
(and preferably at least one therapeutic ISV), wherein said ISV, protein or polypeptide is as
further described herein (i.e. an ISV, protein or polypeptide according to one or more of the
aspects described herein, and in particular according to one or more of the aspects described
on the preceding pages; and more in particular an ISV, protein or polypeptide that has a C-
terminal end/sequence that is according to one or more of the aspects described herein), and at
least one suitable carrier, diluent or excipient (i.e, suitable for pharmaceutical use), and
optionally one or more further active substances. Such compositions, carriers, diluents or
excipients can for example be as described in WO 08/020079 for pharmaceutical
compositions that comprise a Nanobody or a protein or polypeptide that comprises at least
one Nanobody (and as already mentioned, according to the present invention, the ISV is also
preferably a Nanobody).

The invention further relates to an ISV or a protein or polypeptide comprising at least
one ISV for use in therapy of a disease in a human being (e.g. a patient in need of such
therapy), wherein said ISV, protein or polypeptide is as further described herein (i.e. an ISV,

protein or polypeptide according to one or more of the aspects described herein, and in
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particular according to one or more of the aspects described on the preceding pages; and more
in particular an ISV, protein or polypeptide that has a C-terminal end/sequence that is
according to one or more of the aspects described herein).

The invention further relates to the use of an ISV or a protein or polypeptide
comprising at least one ISV in the preparation of a pharmaceutical composition, wherein said
ISV, protein or polypeptide is as further described herein (i.e. an ISV, protein or polypeptide
according to one or more of the aspects described herein, and in particular according to one or
more of the aspects described on the preceding pages; and more in particular an ISV, protein
or polypeptide that has a C-terminal end/sequence that is according to one or more of the
aspects described herein).

The invention further relates to a method of treatment which comprises administering
to a human subject (e.g to a patient in need of such treatment) an ISV or a protein or
polypeptide comprising at least one ISV in the preparation of a pharmaceutical composition,
wherein said 1SV, protein or polypeptide is as further described herein (i.e. an ISV, protein or
polypeptide according to one or more of the aspects described herein, and in particular
according to one or more of the aspects described on the preceding pages; and more in
particular an ISV, protein or polypeptide that has a C-terminal end/sequence that is according
to one or more of the aspects described herein); or a pharmaceutical composition (as
described above) that comprises at least one such ISV, protein or polypeptide.

With respect to the above, it will be clear that the therapeutic use of the ISV’s, proteins
and polypeptides described herein are a very important aspect of the invention, as such
therapeutic use (or the clinical development of such ISV’s, proteins and polypeptides for such
therapeutic use) may involve the use of ADA assays to determine whether said ISV, protein
or polypeptide is immunogenic (1.e. can give rise to ADA’s when administered to a human
subject). In this respect, it will also be clear that concerns about possible immunogenicity will
in particular have to be addressed when a therapeutic is either used for longer periods of time
(for during weeks, months or years), and/or has a half-life (preferably expressed as t1/2-beta)
in a human subject of at least 3 days, such as at least one week, and up to 10 days or more.

Thus, according to one specific aspect, the invention relates to an ISV, protein,
polypeptide, compound or molecule of the invention as described herein (or pharmaceutical
composition the same) that is intended for treatment of a chronic disease in a human being,
and/or such ISV, protein, polypeptide as described herein is intended to be present in the
circulation of the subject (i.e. at pharmacologically active levels) to which it is administered

(1.e. at a therapeutically active dose) for at least a period of one week, preferably at least two
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weeks, such as at least a months; and/or such ISV, protein, polypeptide as described herein is
such that it has a half-life (preferably expressed as t1/2-beta) in a human subject of at least 3
days, such as at least one week, and up to 10 days or more; and/or such an ISV, protein,
polypeptide or pharmaceutical composition as described herein is intended to be administered
to a human being as two or more doses that are administered over a period of at least 3 days,
such as at least one week, for example at least two weeks or at least one month, or even
longer (i.e. at least 3 months, at least 6 months or at least one year), or even chronically
administered.

Also, as will be clear to the skilled person based on the disclosure herein, the
improvements to VH domains described herein and the resulting improved VH domains will
find particular use in proteins, polypeptides or other compounds or molecules that are
intended for administration to human subjects (and in particular patients) whose blood/serum
contains (or is suspected to contain} pre-existing antibodies of the kind that - according to the
present invention — have been found in samples obtained from SLE patients, i.e. pre-existing
antibodies that can bind to the C-terminal region of a VH-domain even in the presence of a C-
terminal extension as described herein. In particular, the improvements to VH domains
described herein and the resulting improved VH domains will find particular use in proteins,
polypeptides or other compounds or molecules that are intended to treat or prevent diseases or
disorders in such patients. This may be any disease or disorder, but may in particular be a
disease or disorder that results in and/or is associated with the presence or emergence of such
pre-existing antibodies (one example being SLE, but it is expected that other severe (auto-)-
immune disorders may also lead to such pre-existing antibodies. This can be easily
ascertained by testing samples obtained from the relevant patient population for the presence
of such pre-existing antibodies, essentially in a manner analogous to the tests performed on
samples from SLE patients in the Experimental Part below).

Thus, according to one specific aspect, the invention relates to an ISV, protein,
polypeptide, compound or molecule of the invention as described herein (or a pharmaceutical
composition the same) that is intended for administration to a human subject whose blood
containg pre-existing antibodies that can bind to the exposed C-terminal region of a VH
domain even when said VH-domain contains a C-terminal extension as described herein (or
where the C-terminal end of the VH domain is linked to another protein or polypeptide, such
as another ISV, optionally via a suitable linker).

In particular, the invention relates to an ISV, protein, polypeptide, compound or

molecule of the invention as described herein (or a pharmaceutical composition the same) for
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use in the treatment of a disease or disorder in a human subject whose blood contains pre-
existing antibodies that can bind to the exposed C-terminal region of a VH domain even when
said VH-domain contains a C-terminal extension as described herein (or where the C-terminal
end of the VH domain is linked to another protein or polypeptide, such as another [SV,
optionally via a suitable linker). Said disease or disorder can be any disease or disorder, but
can in particular be a disease or disorder that leads to, results into or otherwise is associated
with the presence of such pre-existing antibodies in the blood of such a patient, such as SLE
or another (severe) autoimmune discase.

Thus, according to a more specific aspect, the invention relates to an ISV, protein,
polypeptide, compound or molecule of the invention as described herein (or a pharmaceutical
composition the same) for use in the treatment of a disease or disorder in a human
subject/patient, wherein said disease or disorder is a disease or disorder that leads to, results
into or otherwise is associated with the presence of pre-existing antibodies in the blood of said
human subject/patient that can bind to the exposed C-tenminal region of a VH domain even
when said VH-domain contains a C-terminal extension as described herein (or where the C-
terminal end of the VH domain is linked to another protein or polypeptide, such as another
ISV, optionally via a suitable linker). For example, such an ISV, protein, polypeptide,
compound or molecule of the invention as described herein {or a pharmaceutical composition
the same) for use in the treatment of SLE or another (severe) auto-immune disease in a human
subject/patient.

As will be clear to the skilled person, when a protein, polypeptide, compound or
molecule is intended for the prevention or treatment of such a disease or disorder, it will
contain at least one (such as one, two, three or four) domains, binding units or moieties or
entities that are therapeutically active against the relevant disease or disorder (e.g. directed
against a target or pathway that is therapeutically relevant for the pertinent disease or
disorder). Again, such binding domains or binding units may for example be (other) ISVD’s,
and according to one aspect may in particular be VH domains or ISVI)’s of the mvention.
Another general example of such a protein, polypeptide, compound or molecule is a protein,
polypeptide, compound or molecule in which said one or more therapeutic domains, binding
units or moieties or entities may not be ISVD’s (but for example derived from another
scaffold), but that contains a VH domain of the invention to extend the half-life of the same
(such as a serum albumin binder as described herein).

In a further aspect, the VH domains, ISVD's or compounds of the invention (as

described herein) are directed towards the ion channel Kv1.3. Some preferred, but non-
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limiting examples of such VH domains, ISVD’s or compounds are given in Example 7, and
the VH domains against Kv1.3 described in said example (as well as compounds of the
invention comprising the same) as well as the specific compounds of the invention against
Kv1.3 described in said example form further aspects of the present invention.

For example and without limitation, a compound of the invention that is directed
towards Kv1.3 can comprise or essentially consist of a single VH domain - and preferably
Nanobody - of the invention directed against Kv1.3 or can comprise or essentially consist of
at least two (such as two or three} VH domains - and preferably Nanobodies - of the invention
directed against Kv1.3. When such a polypeptide contains two or more VH domains of the
invention against Kv1.3, these VH domains can be the same or different, and when they are
different they can be directed against the same epitope on Kv1.3 or subunit on Kv1.3 or
against different epitopes or subunits.

Again, as generally described herein for the compounds of the invention, such
compounds can suitably contain one or more linkers, can contain a C-terminal extension (i.e.
as further described herein) and can also contain one or more further binding units or binding
domains (or other amino acid sequences or moieties), such as a further ISVD directed against
a different target than Kv1.3. For example and without limitation, the compounds of the
invention can (also) contain a binding domain or binding unit that provides for extended half-
life, such as an ISVD against a serum protein such as serum albumin (for example, a
Nanobody against human serum albumin such as a Nanobody of the invention against human
serum albumin).

In further aspects, the invention relates to (synthetic) libraries of immunoglobulin
variable domain sequences that are as described herein (i.e. containing the amino acid
residues/mutations/substitutions as described herein). Such libraries will usually contain at
least 100 different sequences, such as at least 1000 different sequences, in particular more
than 10° different sequences, more in particular more than 10°, such as 10® to 10'® or more
different sequences (meaning in its broadest sense, with at least one amino acid difference
between the sequences), usually all with (essentially) the same framework sequences (said
framework sequences containing the amino acid residues/mutations indicated herein) and
different CDRs (meaning that each sequence in the library has at least “one amino acid
difference” in at least one of its CDRs compared to the other sequences in the library).

Synthetic libraries of immunoglobulin single variable domain sequences {for example
based on human VH sequences or camelid-derived VHH sequences) and methods of

generating/constructing them (including libraries based on pre-determined scaffolds and/or
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containing one or more specific amino acid residues/mutations in the framework regions) are
well known in the art. Reference is for example made to Tanha et al., J. Biol. Chem., Vol.
276, pp. 24774-24780, 2001; Bond et al., J. Mol. Biol. (2003) 332, 643-655; Mandrup et al.,
PLOS One, October 2013, Volume 8, Issue 10, €76834; Goldman et al., Anal. Chem., 2006,
78, 8245-8255; Hussak et al., Protein Engineering, Design & Selection vol. 25 no. 6 pp. 313—
318, 2012; and Chen et al., Methods Mol. Biol., 2009, 525, 81. The techniques described
therein (and similar techniques known per se) can be suitably used or adapted for generating
the immunoglobulin single variable domain libraries according to the invention.

The ISVD’s present in such libraries can suitably contain any suitable CDR’s from
any suitable source, such as CDR’s obtained/generated starting from the immune repertoire
from a “naive” mammal (such as a species of camelid or human sequences), CDR’s
obtained/generated starting from the immune repertoire from an animal (such as a species of
camelid) that has been suitably immunized with an antigen; a fully synthetic CDR repertoire;
or a repertoire that has been obtained through techniques such as mutagenesis (for example
random mutagenesis or site-specific mutagenesis). Such a library can for example also be a
library that has been generated in the course of affinity maturation procedures known per se.

The framework regions of the ISVD)’s present in such libraries can be suitably derived
from any suitable starting sequence/scaffold, for example based on a scaffold that has been
derived starting from a VH sequence (such as a human VH sequence) or starting from a
nanobody sequence (such as a VHH sequence or a humanized VH sequences). It is also
possible that a library contains ISVD’s that are derived from two or more different sources or
that are based on two or more different scaffolds (for example, because the library has been
obtained by combining two or more libraries obtained from different sources or based on
different scaffolds).

Also, (the ISVD’s present in) the libraries may be in the form of proteins or in the
form of a DNA or RNA encoding the relevant ISVD’s. For example, the libraries may be in
the form of an expression library suitable for screening and/or selection techniques, and may
for this purpose for example be in a form that can be displayed using suitable display
techniques such as phage display library, a yeast display library or a ribosome display library.

Thus, generally, the invention also relates to libraries (as described herein) containing
VH domains of the invention (as further described heerein). Preferably, according to one
specific aspect of such a library, the VH domains present all have the same (or essentially the

same) framework sequences, but different CDR sequences (again, as mentioned, this means
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that each of the individual VH domains in the library has at least one amino acid difference in
at least one CDR compared to the other VH domains in the library).

In one aspect, such a library of the invention is a library of ISVD’s of the invention (as
further described herein, including a library of suitable nucleic acids encoding said ISVD’s) in
which:

- the amino acid residue at position 11 is one of L, V or K; and
- the amino acid residue at position 14 is one of A or P; and

- the amino acid residue at position 41 is one of A or P; and

- the amino acid residue at position 89 is one of T, V or L; and

- the amino acid residue at position 108 1s one of Q or L; and

- the amino acid residue at position 110 is one of T, K or Q; and

- the amino acid residue at position 112 is one of S, K or Q;

in which either (i) the amino acid residue at position 112 is one of K or Q; and/or (ii)
the amino acid residue at position 89 is T; and/or (iii) the amino acid residue at position 89 is
L and the amino acid residue at position 110 is one of K or Q; and (iv) in each of cases (i) to
(iit), the amino acid at position 11 is preferably V. Optionally, the ISVD’s present in such a
library may also contain a C-terminal extension (as further described herein for the VH
domains of the invention) and/or suitably contain a suitable tag (such as a histidine tag).

In another aspect, such a library of the invention is a library of ISVD’s of the
invention (as further described herein, including a library of suitable nucleic acids encoding

said ISVD’s) in which:

1

the amino acid residue at position 11 is V; and

the amino acid residue at position 14 is one of A or P; and

- the amino acid residue at position 41 is one of A or P; and

- the amino acid residue at position 89 is one of L; and

- the amino acid residue at position 108 is one of Q or L; and

- the amino acid residue at position 110 is one of T, K or Q; and

- the amino acid residue at position 112 is one of S, K or Q;

Optionally, the ISVD’s present in such a library may also contain a C-terminal
extension (as further described herein for the VH domains of the invention) and/or suitably

contain a suitable tag (such as a histidine tag).
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The libraries of the invention may be used for any suitable/intended purpose known

per se. For example, they may for example be used for screening and/or selection purpose (or

as part of a screening and/or selection process), be used for/as part of affinity maturation

purposes or other processes intended to yield improved VH domains, or for example for

alanine scanning. In practice, usually, the size, design and other features of the library will be

adapted to its intended use, as will be within the skill of the artisan.

The invention will now be further described by means of the following non-limiting

preferred aspects, examples and figures, in which:

10

20

30

Figure 1 is a table listing some of the amino acid positions that will be specifically
referred to herein and their numbering according to some alternative numbering systems
(such as Aho and IMGT);

Figure 2 lists the sequences referred to herein;

Figure 3 is a plot showing data points obtained in Example 4 when 96 serum samples
were tested for binding a representative Nanobody with an $112K mutation (Reference A +
S 112K + C-terminal alanine, indicated as (2) in Figure 3), compared to a reference Nanobody
without an $112K mutation (Reference A, SEQ ID NO: 44, indicated as (1) in Figure 3);

Figure 4 is a plot showing data points obtained in Example 4 when 129 serum samples
were tested for binding a representative Nanobody with an V89T mutation (Reference A +
L11V + V89T + C-terminal alanine, indicated as (2) in Figure 4), compared to a reference
Nanoboedy without an V89T mutation (Reference A, SEQ ID NO: 44, indicated as (1) in Figure 4);
Figure 5 is a plot showing data points obtained in Example 5 when 100 serum samples
were tested for binding representative Nanobodies with V89L, T110K and/or T110Q
mutations (Reference A + L11V + V89L + C-terminal Ala, indicated as (2) in Figure 5,
Reference A + L11V + VB9L + T110K + C-terminal Ala, indicated as (3) in Figure 5;
Reference A + L11V + V8L + T110Q} + C-terminal Ala, indicated as (4) in Figure (5)
and Reference A + L11V + T87A + V89L + C-terminal Ala, indicated as (5) in Figure 5),
compared to a reference Nanobody without any of these mutations (Reference A, SEQ 1D NO: 44,
indicated as (1) in Figure 5).

Figure 6 is a plot showing data points obtained in Example 6 when 98 serum samples
obtained from healthy volunteers were tested for binding representative trivalent
Nanobody constructs. Each dot represents a data point collected by testing of the indicated
construct against one of the 98 serum samples. Legenda: (1) = Reference X (Nanobody A-
35GS-Nanobody A-35GS-Nanobody B); (2) = Reference X + C-terminal Ala; (3) =
Reference X + L11V + V89L, + C-terminal Ala; (4) = Reference X + L11V + T87A +
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VE89L + C-terminal Ala; (5) = Reference X + L11V + V89L + T110K + C-terminal Ala;
(6) = Reference X + L11V + V89L + T110Q + C-terminal Ala.

Figure 7 is a plot showing data points obtained in Example 6 when 30 serum samples
obtained from healthy volunteers (samples selected for high titers of pre-existing
antibodies or presence of pre-existing antibodies with high degree of binding even in the
presence of a C-terminal alanine extension) were tested for binding representative
trivalent Nanobody constructs. Each dot represents a data point collected by testing of the
indicated construct against one of the 30 serum samples. Legenda: (1) = Reference X + C-
terminal Ala; (2) = Reference X + L11V + V89L + C-terminal Ala; (4) = Reference X +
L11V +T87A + V8L + C-terminal Ala; (4) = Reference X + L11V + V89L + T110K +
C-terminal Ala.

Figure § is a plot showing data points obtained in Example 6 when 98 serum samples
obtained from healthy volunteers were tested for binding representative bivalent
Nanobody constructs. Each dot represents a data point collected by testing of the indicated
construct against one of the 30 serum samples. Legenda: (1) = Reference Y (Nanobody A-
35GS- Nanobody B); (2) = Reference Y + C-terminal Ala; (3) = Reference Y + L11V +
V8IL + C-terminal Ala; (4) = Reference Y + L11V + T87A + V89L + C-terminal Ala; (5)
= Reference Y + L11V + V89L + T110K + C-terminal Ala; (6) = Reference Y + L11V +
V89L + T110Q + C-terminal Ala;

Figures 9A and 9B show preferred but non-limiting examples of monovalent Nanobodies
of the invention (Figure 9A) and trivalent bispecific half-life extended compounds of the
invention (Figure 9B) against the ion channel Kv1.3; and Figure 9C lists some preferred
CDRs (classification according to Kabat and Abm, respectively) for [ISVDs against Kv1.3.
Figure 10 is a plot showing data points obtained in Example 7 when 47 serum samples
obtained from diabetic human subjects were tested for binding representative trivalent
bispecific half-life extended compounds of the invention against Kv1.3. Each dot
represents a data point collected by testing of the indicated construct against one of the 47
serum samples. The SEQ ID NO’s refer to the relevant sequences listed in Figure 9;
Figure 11 is a plot showing data points obtained in Example 7 when 90 serum samples
obtained from healthy volunteers were tested for binding representative trivalent
bispecific half-life extended compounds of the invention against Kv1.3, Each dot
represents a data point collected by testing of the indicated construct against one of the 47

serum samples. The SEQ ID NO’s refer to the relevant sequences listed in Figure 9.
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Figures 12A and 12B list the CDR’s and amino sequences of some preferred, but non-
limiting examples of Nanobodies of the invention against IL-23 that are based on the
indicated reference sequences. Sec also Example 8;

Figure 13 lists the CDR’s and amino sequences of some preferred, but non-limiting
examples of Nanobodies of the invention against OX40-L that are based on the indicated
reference sequence. See also Example 9;

Figure 14 Iists the CDR’s and amino sequences of some preferred, but non-limiting
examples of Nanobodies of the invention against IgE that are based on the indicated
reference sequence. See also Example 10;

Figures 15A and 15B list the CDR’s and amino sequences of some preferred, but non-
limiting examples of Nanobodies of the invention against CXCR-4 that are based on the
indicated reference sequences. See also Example 11;

Figures 16A and 16B list the CDR’s and amino sequences of some preferred, but non-
limiting examples of Nanobodies of the invention against HER-3 that are based on the
indicated reference sequences. See also Example 12;

Figures 17A and 17B list the CDR’s and amino sequences of some preferred, but non-
limiting examples of Nanobodies of the invention against TNF that are based on the
indicated reference sequences. See also Examples 13 and 14,

Figures 18A and 18B list the CDR’s and amino sequences of some preferred, but non-
limiting examples of Nanobodies of the invention against c-Met that are based on the
indicated reference sequences. See also Example 15;

Figure 19 lists the CDR’s and amino sequences of some preferred, but non-limiting
examples of Nanobodies of the invention against RANK-L that are based on the indicated
reference sequence. See also Example 16;

Figures 20A to 20C list the CDR’s and amino sequences of some preferred, but non-
limiting examples of Nanobodies of the invention against CXCR-7 that are based on the
indicated reference sequences. See also Example 17;

Figures 21A and 21B list the CDR’s and amino sequences of some preferred, but non-
limiting examples of Nanobodies of the invention against A-beta that are based on the
indicated reference sequences. See also Example 18;

Figure 22 gives the amino acid sequences of some preferred but non-limiting examples of
compounds of the invention against 1L-23;

Figure 23 gives the amino acid sequences of some preferred but non-limiting examples of

compounds of the invention against OX40-1,;
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- Figure 24 gives the amino acid sequences of some preferred but non-limiting examples of
compounds of the invention against IgE;

- Figure 25 gives the amino acid sequences of some preferred but non-limiting examples of
compounds of the invention against CXCR-4;

- Figure 26 gives the amino acid sequences of some preferred but non-limiting examples of
compounds of the invention against HER-3;

- Figure 27 gives the amino acid sequences of some preferred but non-limiting examples of
compounds of the invention against TNF;

- Figures 28A and 28B give the amino acid sequences of some preferred but non-limiting
examples of compounds of the invention against ¢-Met;

- Figure 29 gives the amino acid sequences of some preferred but non-limiting examples of
compounds of the invention against RANK-L;

- Figure 30 gives the amino acid sequences of some preferred but non-limiting examples of
compounds of the invention against A-beta;

- Figure 31A is a plot showing data points obtained in Example 19 when 92 serum samples
obtained from healthy volunteers were tested for binding representative trivalent
bispecific half-life extended compounds of the invention against A-beta. Each dot
represents a data point collected by testing of the indicated construct against one of the 92
serum samples. The reference numbers are as listed in Table CC-1. Similarly, Figure 30B
is a plot showing data points obtained in Example 19 when 92 serum samples obtained
from healthy volunteers were tested for binding the (monovalent) C-terminal Nanobodies
that are present in the constructs tested in Figure 31 A. Each dot represents a data point
collected by testing of the indicated construct against one of the 92 serum samples. The

reference numbers are as listed in Table CC-2,

Experimental Part

The human samples used in the Experimental Part below were either obtained from
commercial sources or from human volunteers (after all required consents and approvals were
obtained) and were used in according with the applicable legal and regulatory requirements
(including but not limited to those regarding medical secret and patient privacy)

In the Examples below, the binding of pre-existing antibodies that are present in the
samples vsed (i.e. from healthy volunteers, rheumatoid arthritis (RA) patients and SLE
patients) to the Nanobodies tested was determined using ProteOn as follows: Binding of pre-

existing antibodies on Nanobodies captured on human serum albumin (HSA) was evaluated
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using the ProteOn XPR36 (Bio-Rad Laboratories, Inc.). PBS/Tween (phosphate buffered
saline, pH7.4, 0.005% Tween20) was used as running buffer and the experiments were
performed at 25°C. The ligand lanes of a ProteOn GLC Sensor Chip were activated with
EDC/NHS (flow rate 30ul/min) and HSA was injected at 10pg/ml in ProteOn Acetate buffer
pH4.5 (flow rate 100pl/min) to render immobilization levels of approximately 3200 RU. After
immobilization, surfaces were deactivated with ethanolamine HCI (flow rate 30pl/min).
Nanobodies were injected for 2 minutes at 45ul/min over the HSA surface to render a
Nanobody capture level of approximately 200 RU. The samples containing pre-existing
antibodies were centrifuged for 2 minutes at 14,000rpm and supernatant was diluted 1:10 in
PBS-Tween20 (0.005%) before being injected for 2 minutes at 45u1/min followed by a
subsequent 400 seconds dissociation step. After each cycle (i.e. before a new Nanobody
capture and blood sample injection step) the HSA surfaces were regenerated with a 2 minute
injection of HC1 (100mM) at 45ul/min. Sensorgram processing and data analysis was
performed with ProteOn Manager 3.1.0 (Bio-Rad Laboratories, Inc.). Sensorgrams showing
pre-existing antibody binding were obtained after double referencing by subtracting 1)
Nanobody-HSA dissociation and 2) non-specific binding to reference ligand lane. Binding
levels of pre-existing antibodies were determined by setting report points at 125 seconds (5
seconds after end of association). Percentage reduction in pre-existing antibody binding was

calculated relative to the binding levels at 125 seconds of a reference Nanobody.

Exampie 1: S112K mutation inhibits binding of pre-existing antibodies

The influence of a substitution at position 112 on the binding of pre-existing
antibodies in human samples to Nanobodies was determined and compared to the influence of
a C-terminal alanine extension as described in WO 12/175741.

Two reference compounds (Reference A without a C-terminal alanine extension and
Reference B with a C-terminal alanine extension) and variants of these reference compounds
with different mutations at position 112 were tested against sera obtained from six difterent
RA patients and eight sera obtained from different healthy human subjects. Binding of pre-
existing antibodies in the samples to the Nanobodies tested was measured on ProteOn
according to the general protocol outlined above. The results are shown in Table A below.

As can be seen, of the mutations at position 112 that were tested, the S112K mutation
gave a reduction of binding of the pre-existing antibodies that were present in the tested sera

that was comparable to that of the C-terminal alanine extension (even without the C-terminal
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alanine extension being present in the $112K variant). Similar results were obtained with

three human plasma samples (data not shown).
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Example 2: Influence of S112K mutation on binding of pre-existing antibodies that are

present in human SLE samples

The same Nanobody variants as used in Example 1 were tested for binding by pre-
existing antibodies from 7 serum samples obtained from patients who were confirmed
positive for systemic lupus erythemathosus (SLE). For comparison, plasma samples from two
healthy human volunteers were included.

Binding of pre-existing antibodies in the samples to the Nanobodies tested was
measured on ProteOn according to the general protocol outlined above. The results are shown
in Table B below.

As can be seen from a comparison of the binding data for Reference A and Reference
B and nanobodies of the invention , the samples obtained from some of the SLE patients
appear to contain certain pre-existing antibodies that can still bind to Nanobodies even in the
presence of a C-terminal alanine residue (the C-terminal alanine residue did essentially
prevent/remove (partially or essentially fully) all binding of the pre-existing antibodies that
were present in the plasma samples from healthy volunteers).

It can further be seen that the binding of these pre-existing antibodies from SLE
samples could be greatly reduced by mutations at positions 11 and 112 (and in case of

position 112, in particular S112K).
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Example 3: Influence of combined framework mutations and C-terminal extensions on

binding of pre-existing antibodies that are present in human SLE samples

Four different Nanobodies (with specific framework mutations and with or without C-
terminal alanine extension) were tested for binding of pre-existing antibodies from 5 serum
samples obtained from patients who were confirmed positive for systemic lupus
erythemathosus (SLE). For comparison, one plasma sample from a healthy human volunteer
was included.

Binding of pre-existing antibodies in the samples to the Nanobodies tested was
measured on ProteOn according to the general protocol outlined above. The results are shown
in Tables C and D below.

As can be seen from a comparison of the binding data for Reference A and Reference
B, the samples obtained from SLE patients appear to contain a certain pre-existing antibodies
that can still bind to Nanobodies even in the presence of a C-terminal alanine residue (the C-
terminal alanine residue did essentially prevent/remove all binding of the pre-existing
antibodies that were present in the plasma samples from the healthy volunteer).

It can further be seen that the binding of these pre-existing antibodies from SLE
samples could be greatly reduced by mutations at positions 11 and 112 (and in case of

position 112, in particular S112K).

Example 4: influence of a V89T mutation on binding of pre-existing antibodies in samples

from SLE patients.

As described herein, samples obtained from certain SLE patients appear to contain
pre-existing antibodies/factors that can bind to the exposed C-terminal end of a VH domain,
even when a C-terminal extension is present. It was investigated whether a V89T mutation
could reduce or prevent/remove such binding, with or without the presence of a C-terminal
extension. The results are also shown in Tables C and E below.

As can be seen, a V89T mutation could essentially prevent/remove binding of pre-
existing antibodies that are present in samples obtained from SLE patients, to a similar degree
as an S112K mutation. However, as can be seen from comparing the data given in Tables C
and E for nanobodies with a V89T mutation without a C-terminal extension with similar
nanobodies with an S112K mutation and without a C-terminal extension, having a mutation at
position 112 in a nanobody without a C-terminal extension generally reduces binding of pre-
existing antibodies in samples from a healthy volunteer to a larger degree than a V89T

mutation (i.e. 100%, 85% and 64% of S112K nanobodies vs. 9%, 11% and 16% for V89T
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nanobodies, respectively). For this reason, the use of a mutation at position 112 (and in
particular S112K or S112K) will often be preferred over the use of a mutation at position 89
(such as V8IT).

However, as can also be seen from the data in Tables C and E, adding a C-terminal
alanine to a V89T nanobody completely prevented/removed the binding of pre-existing
antibodies in a sample obtained from healthy volunteers, and for this reason a combination of
a V89T mutation and a C-terminal extension as described herein wiil usually be preferred (i.e.
over the use of a V89T without C-terminal extension) if the V89T nanobody or VH domain
has, or is intended to have, an exposed C-terminal region in the protein or polypeptide in

which it will be present (for exampie, because if forms the C-terminal end of the same).
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To confirm that the results/findings from the table above are broadly applicable,
representative Nanobodies with S112K and/or V89T mutations were tested against a test
panel of 96 (S112k) and 129 (V89T) human serum samples. Binding was determined on
ProteOn using the protocol set out above.

The results are summarized Figure 3 and Table F (representative Nanobody with an
S112K mutation) and Figure 4 and Table G (representative Nanobody with a V89T mutation).

In Figure 3, a Nanobody with an S112K mutation (Reference A + S112K + C-terminal
alanine ~ see Table C above) was compared to a reference Nanobody (Reference A; SEQ ID
NO:44). The Nanobody with the S112K mutation and Reference A were both tested against
each of the serum samples, and the binding level at 125 seconds (RU) was determined. The
data was then plotted in Figure 3, with each point presenting the binding measured in one
sample for either Reference A (indicated as (1) in Figure 3) or for the S112K mutant
(indicated as (2) in Figure 3). The dotted line indicates a measured binding level of 20 RU.

The same data is also represented numerically in Table F, which mentions - for
Reference A and the S112K mutant, respectively - the total number of samples tested that
gave a level of binding at 125 seconds of more than 20RU, less than 20 RU (i.e. between 0
and 20 RU) and less than 10 RU.

As can be seen from the data plotted in Figure 3 and shown in Table F, for Reference
A, more than half of the 96 samples tested gave a binding level of more than 20 RU (in some
cases, as high as 150-200 RU), indicating that the pre-existing antibodies present in the
sample were binding to Reference A. By comparison, for the S112K mutant, no sample gave
a binding level of more than 20 RU (and most less than 10 RU), indicating that the S122K
mutation was essentially capable of reducing/preventing binding of the pre-existing antibodies
in all of the 96 samples tested.

A similar plot and similar data is shown in Figure 4 and Table G, respectively, for a
representative Nanobody with a V89T mutation (Reference A + L11V + V89T + C-terminal
alanine; see Table E above), tested against 129 serum samples and again compared to
Reference A (indicated by (1) in Figure 4; the V89T mutant is indicated by (2) in Figure 4).
Again, from the plot in Figure 4 and the data in Table G, it can be seen that with a few
exceptions (i.e. less than 10% of samples tested, which then each gave an absolute binding
value after 125 seconds of about 100 RU or less), the V89T mutation was capable of
reducing/preventing binding of the pre-existing antibodies in most of the 129 samples tested,
whereas the reference without the V89T mutation was bound by pre-existing antibodies in

most of the samples tested.
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Table F: testing of representative Nanobody with S112K mutation against 96 serum

samples.

Nanobody tested Binding level at 125 | Binding level at 125 | Binding level at 125
seconds < 10 RU seconds < 20 RU seconds > 20 RU

Reference A 34 41 55

Reference A + 92 96 0

S112K + C-terminal

alanine

Table G: testing of Nanobody mutants with V89L. and/or T100K/Q mutations against

129 serum samples.

Nanobody tested Binding level at 125 | Binding level at 125 | Binding level at 125
seconds < 10 RU seconds <20 RU seconds > 20 RU

Reference A 27 40 89

Reference A + L11V 110 119 10

+ V89T + C-terminal

alanine

Example 5: influence of a V89L mutation combined with a T110K or T1100Q mutation on

binding of pre-existing antibodies in samples from SLE patients.

As described herein, samples obtained from certain SLE patients appear to contain

pre-existing antibodies/factors that can bind to the exposed C-terminal end of a VH domain,

even when a C-terminal extension is present. It was investigated whether a V89L and/or a

T110Q or T110K mutation (or a combination thereof) could reduce or prevent/remove such

binding, with or without the presence of a C-terminal extension. The results are also shown in

Tables H and I, which present the data from two separate experiments (Table D above also

shows data for an §112Q mutation of the invention combined with a VE9L mutation). The

Nanobodies used in Table [ were also used in generating the data shown in Figure 5 and Table J.
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To confirm that the results/findings from the table above are broadly applicable,
representative Nanobodies with VB9L, T110K and/or T110Q mutations were again tested
against a panel of 99 human serum samples. Binding data was again obtained and plotted as
indicated in Example 4 for the results and data shown in Figures 3 and 4 and Tables F and G.

The Nanobodies tested were (the numbers correspond to the numbering used in Figure
5): (1) Reference A; (2) Reference A + L11V + V8IL + C-terminal Ala; (3) Reference A +
L11V + V&L + T110K + C-terminal Ala; (4) Reference A + L11V + V&IL + T110Q + C-
terminal Ala; (5) Reference A + L11V + T87A + V89L + C-terminal Ala. The results are
shown in Figure 5 and Table 1.

As can be seen, introducing the mutations tested again greatly reduced the number of
samples in which the pre-existing antibodies were capable of binding the Nanobody tested. It
can also be seen that, for Nanobody (2) in Figure 5 (Reference A + L11V + V8&9L + C-
terminal Ala), still some of the samples showed binding of pre-existing antibodies after 125
seconds at levels of more than 20 RU (but already much less than 100 RU). However, when
the V9L mutation was combined with a T110K mutation (Nanobody (3)) or a T100Q
mutation (Nanobody (4)), then essentially all of the 99 samples tested showed a binding level
of less than 20RU (and in fact less than 10RU, see Table J).
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Table J: testing of representative Nanobodies with V891, T110K and/or T110Q

mutations against 99 serum samples.

Nanobody tested Binding level at 125 | Binding level at 125 | Binding level at 125
seconds < 10 RU seconds <20 RU seconds > 20 RU

Reterence A 52 64 35

Reference A + .11V 94 95 4

+ V89IL + C-terminal

Ala

Reference A + L11V 99 99 0

+ VE&IL +T110K +

C-terminal Ala

Reference A+ L11V 99 99 0

+V89L + T110Q +

C-terminal Ala

Reference A + L11V 99 99 0

+ T87A + VBIL + C-

terminal Ala

Example 6: testing of multivalent constructs for binding of pre-existing antibodies

Multivalent constructs are made based on the following nanobodies:

Nanobody A (directed against a therapeutic target):
EVQLVESGGGLVQPGGSLRLSCAASGRTFNNY AMGWFRQAPGKEREFVAAIT
RSGVRSGVSAIYGDSVKDRFTISRDNAKNTLYLOQMNSLRPEDTAVYYCAASAI
GSGALRRFEYDYSGQGTLVTVSS (SEQ ID NO:92)

Nanobody B (directed against serum albumin}:
EVQLVESGGGLVQPGNSLRLSCAASGFTFSSFGMSWVRQAPGKGLEWVSSISG
SGSDTLYADSVKGRFTISRDNAKTTLYLQMNSLRPEDTAVYYCTIGGSLSRSS
QGTLVTVSS (SEQ ID NO:93)
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Nanobody C (directed against a therapeutic target):
EVQLVESGGGLVQPGGSILRLSCAASRSIGRLDRMGWYRHRPGEPRELVATITG
GSSINYGDSVKGRFTISIDNSKNTVYLQMNSLRPEDTAVYYCNFNKYVTSRDT
WGQGTLVTVSS (SEQ ID NO:94)

The constructs made are listed in Table K below (with in each case, the introduced
substitution(s) in the relevant nanobody (if any) mentioned between parentheses, “HIS6™
denotes an N-terminal his-tag of 6 histidine residues, and “~Ala” denotes a C-terminal

extension of 1 alanine residue).

Table K: multivalent constructs tested

HIS6-Nanobody A(E1D,L11V, S112K)-35GS-Nanobody B-Ala

HIS6-Nanobody A(E1D,L11V, S112K)-35GS-Nanobody B(L.11V,S112K)-Ala

HIS6-Nanobody A{E1D)-35GS-Nanobody B

HIS6-Nanobody A(E1D)-35GS-Nanobody B-Ala

HIS6-Nanobody A(EID,LI11V, S112K)-35GS-Nanobody B(L11V, S112K)

HIS6-Nanobody A(E1D, S112K)-35GS-Nanobody B(S112K)-Ala

HIS6-Nanobody A(E1D, S112Q)-35GS-Nanobody B(S112Q)-Ala

HIS6-Nanobody A(E1D, V89L, S112K}-35GS-Nanobody B(V89L, S112K)-Ala

HIS6-Nanobody A(E1D,L11V, S112Q)-35GS-Nanobody B(L11V, S112Q)-Ala

HIS6-Nanobody B(E1D)-35GS-Nanobody A

HIS6-Nanobody B(E1D)-35GS-Nanobody A-Ala

HIS6-Nanobody A(E1D)-35GS-Nanobody B(L11V, S112K)-Ala

HIS6-Nanobody B(E1D,L11V, S112K)-35GS-Nanobody A-Ala

HIS6-Nanobody B(E1D,)-35GS-Nanobody A(L11V, S112K)-Ala

HIS6-Nanobody A(E1D,V89L, S112Q)-35GS-Nanobody B(VS9IL, S112Q)-Ala

HIS6-Nanobody B(E1D,L11V, S112K)-35GS-Nanobody A(L11V, S112K)-Ala

HIS6-Nanobody B(S112K)-Ala

Nanobody B(L11V, S112K)-Ala

Nanobody B(L11V, S112Q)-Ala

Nanobody B(S112Q)-Ala
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Table K (continued)

HIS6-Nanobody A(E1D, S$112K)-35GS-Nanobody A(S112K)-35GS-Nanobody B(S112K)-
Ala

HIS6-Nanobody A(E1D, S§112Q)-35GS-Nanobody A(S112Q)-35GS-Nanobody B(S112Q)-
Ala

HIS6-Nanobody A(E1D,L11V,S112K)-35GS-Nanobody A(L11V, S112K)-35GS-Nanobody
B(L11V, $112K)-Ala

HIS6-Nanobody A(E1D,V89L, S112K)-35GS-Nanobody A(VS9L, S112K)-35GS-Nanobody
B(VS9L, $112K)-Ala

HIS6-Nanobody A(E1D)-35GS-Nanobody A-35GS-Nanobody B

HIS6-Nanobody A(E1D)-35GS-Nanobody A -35GS-Nanobody B-Ala

Nanobody C(E1D)-9GS-AlaLB11-9GS-Nanobody C

HIS6-Nanobody A(E1D,L.11V, S112K)-35GS-Nanobody A(L11V, S112K)-35GS-Nanobody
B-Ala

HIS6-Nanobody C(E1D,L11V, 8112K)-9GS-Nanobody B(L.11V, $112K)-9GS-Nanobody
C(L11V,S112K)-Ala

Nanobody C(E1D)-9GS-AlaLB11-9GS-Nanobody C-Ala

HIS6-Nanobody A(EID,L11V, S112Q)-35GS-Nanobody A(L11V, S$112Q)-35GS-Nanobody
B(L11V, $112Q)-Ala

HIS6-Nanobody A(E1D, V89L, S112Q)-35GS-Nanobody A(VSOL, S112Q)-35GS-Nanobody
B(V89L, $112Q)-Ala

HIS6-Nanobody C(E1D, S112K)-9GS-Nanobody B(S5112K)-9GS-Nanobody C(S112K)-Ala

HIS6-Nanobody C(E1D, S112Q)-9GS-Nanobody B(S112Q)-9GS-Nanobody C(S112Q)-Ala

HIS6-Nanobody C(E1D,L11V, S112Q)-9GS-Nanobody B(L11V, S$112Q)-9GS-Nanobody
C(L11V,8112Q)-Ala

HIS6-Nanobody C(E1D,V89L, S1 12K)-9GS-Nanob6dy B(V89L, S112K)-9GS-Nanobody
C(V89L,S112K)-Ala

HIS6-Nanobody C(E1D, VS9L, $112Q)-9GS-Nanobody B(V8IL, S112Q)-9GS-Nanobody
C(V8IL, S112Q)-Ala

HIS6-Nanobody A(E1D,L11V,A14P R39Q,K83R,V89L,T91Y,Q108L)-35GS-Nanobody
B(L11V,R308,E44G,P45L,K83R,V89L,,Q108L)-Ala
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Table K (continued)

HIS6-Nanobody A(E1D,I.11V,A14P,R39Q,K83R, T87A,V8IL,TO1Y,Q108L)-35GS-
Nanobody B(L11V,R308,E44G,P45L,K83R,T87A,V89L,Q108L)-Ala

HIS6-Nanobody A(E1D,L11V,A14P,R39Q,K83R,V89IL, T91Y,Q108L, T110Q)-35GS-
Nanobody B(L11V,R308,E44G,P45L.K83R,V89L,Q108L, T110Q)-Ala

HIS6-Nanobody A(EID,L11V,A14P,R39Q,K83R, V89L, TO1Y,Q108L, T110K)-35GS-
Nanobody B(L11V,R308,E44G,P45L,K83R,V89L,Q108L,T110K)-Ala

HIS6-Nanobody A(E1D,L.11V,A14P,R39Q,K83R,V89L,T91Y,Q1081.)-35GS-Nanobody
A(EID,L11V,A14P.R39Q,K&83R, V8L, T91Y,Q108L)-35GS-Nanobody
B(L.11V,R30S,E44G,P45L,K83R,VE9L,Q108L)-Ala

HIS6-Nanobody A(EID,L11V,A14P, R39Q,K83R,T87A,V89L,T91Y,Q108L)-35GS-
Nanobody A(E1D,L11V,A14P,R39Q,K83R, T87A,V89L, T91Y,Q108L)-35GS-Nanobody
B(L11V,R308,E44G,P45L, K83R, T87A,VRIL Q108L)-Ala

HIS6-Nanobody A(E1D,L11V,A14P.R39Q.K83R,V89L,T91Y,Q108L,T110Q)-35GS-
Nanobody A(E1D,L11V,A14P,R39Q,K&83R,V891,,T91Y,Q108L,T110Q)-35GS-Nanobody
B(L11V,R308,E44G,P45L,K83R,V8IL,Q108L,T110Q)-Ala

HIS6-Nanobody A(EID,L11V,A14P,R39Q,K83R,V89L,T91Y,Q108L,T110K)-35GS-
Nanobody A(E1D,L11V,A14P,R39Q,K83R,V89L,T91Y,Q108L,T110K)-35GS-Nanobody
B(L11V,R308,E44G,P451.,K83R,V89L,Q108L, T110K)-Ala

Representative multivalent constructs were tested for binding by pre-existing
antibodies that are present in a blood or serum sample obtained from patients with SLE and
healthy volunteers. Both were determined using ProteOn, essentially as described above.

The representative constructs tested are listed in Tables L (trivalent constructs) and M
(bivalent constructs), and the results are shown in Figures 6-8 and Tables N-Q. The trivalent
constructs tested were derived from the reference construct Nanobody A-35GS-Nanobody A-
35GS-Nanobody B (“Reference X™) and the bivalent constructs were derived from the
reference construct Nanobody A-35GS- Nanobody B (“Reference X). All of the constructs
{except for the reference constructs) had, were indicated, a C-terminal alanine residue as well

as, in each of the “Nanobody A” and “Nanobody B” building blocks, the indicated mutations.




Table L: trivalent constructs tested.
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Trivalent constructs

Mutation(s)

The constructs (except for the
reference constructs) had, were
indicated, a C-terminal alanine
residue as well as, in each of the
building blocks, the indicated
mutations.

L11V

T87A

V8IL
TI110K

T110Q

114A

Reference X (= Nanobody A-
35GS-Nanobody A-35GS-
Nanobody B)

Reference X + C-terminal Ala

Reference X + L11V + V89L +
C-terminal Ala

Reference X + L11V + V89L +
T110K+ C-terminal Ala

Reference X + L11V + T87A+
V8IL + C-terminal Ala

Reference X + L11V + V89L +
T110Q+ C-terminal Ala

Table M: bivalent constructs tested.

Bivalent constructs

The constructs (except for the

Mutation(s)

reference constructs) had, were
indicated, a C-terminal alanine
residue as well as, in each of the
building blocks, the indicated
mutations.

L11V

T87A

V8I9L
TI1OK

T110Q

114A

Reference Y (= Nanobody A-
35GS- Nanobody B)

Reference Y + C-terminal Ala

Reference Y + L11V + VB9 +
C-terminal Ala

Reference Y + L11V + V&9 +
T110K+ C-terminal Ala

Reference Y + L11V + T87A+
V89L + C-terminal Ala

Reference Y + L11V + V8OL +
T110Q+ C-terminal Ala
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Table N: results of testing trivalent constructs for binding by pre-existing antibodies
present in 98 serum samples obtained from healthy human volunteers. Results are also
represented in Figure 6 as a plot in which each dot represents a data point collected by testing
of the indicated construct against one of the 98 serum samples.

Nanobody tested on 98 Lane number | Binding level | Binding level Binding

samples (healthy subjects) in the plot at 125 seconds | at 125 seconds | level at 125
shown in <10RU <20RU seconds >
Figure 6 20RU

Reference X ) 38 48 50

Reference X + C-terminal 2) 64 75 23

Ala

Reference X + L11V + (3) 94 95 3

VE8OL + C-terminal Ala

Reference X + L11V + (5) 95 96 2

V8IL + T110K + C-terminal

Ala

Reference X + L11V + (6) 95 96 2

VE89L + T110Q + C-terminal

Ala

Reference X + L11V + (4) 92 95 3

T87A + V89L + C-terminal

Ala
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Table O: results of testing trivalent constructs for binding by pre-existing antibodies
present in 30 selected serum samples obtained from healthy human volunteers. The 30
samples used were pre-selected for either having a known high titer of pre-existing antibodies
or because it was known that the pre-existing antibodies present in the sample still has a high
degree of binding even if a C-terminal alanine residue is present. Results are also represented
in Figure 7 as a plot in which each dot represents a data point collected by testing of the
indicated construct against one of the selected 30 serum samples.

Nanobody tested on selected | Lane number | Binding level | Binding level | Binding level at

set of 30 samples in the plot at 125 seconds | at 125 seconds | 125 seconds > 20
shown in <10RU <20RU RU
Figure 7

Reference X + C-terminal (1) 12 13 17

Ala

Reference X + L11V + (2) 18 22 8

V89L + C-terminal Ala

Reference X + L11V + 3 27 27 3

T87A + VBIL + C-terminal

Ala

Reference X + L11V + (4) 26 26 4

V89L + T110K + C-terminal

Ala




107

Table P: results of testing bivalent constructs for binding by pre-existing antibodies
present in 98 serum samples obtained from healthy human volunteers. Results are also
represented in Figure 8 as a plot in which each dot represents a data point collected by testing
of the indicated construct against one of the 98 serum samples.

Nanobody tested on 98 Lane number | Bindinglevel | Bindinglevel | Binding level at

samples (healthy subjects) in the plot at 125 seconds | at 125 seconds | 125 seconds > 20
shown in <10 RU <20RU RU
Figure 8

Reference Y (D 54 67 31

Reference Y + C-terminal (2) 90 92 &

Ala

Reference Y + L11V + 3 97 98 0

V89L + C-terminal Ala

Reference Y + L11V + (4) 98 08 0

T87A + VEIL + C-terminal

Ala

Reference Y + L11V + (5) 96 98 0

V8&9L + T110K + C-terminal

Ala

Reference Y + L11V + (6) 98 98 0

V89L + T110Q + C-terminal

Ala

Three representative trivalent constructs were also tested against serum samples obtained
from SLE patients. The results arc shown in Table Q.
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Example 7: Nanobodies and nanobody-constructs against the ion channel Kv1.3.

In one specific aspect, the VH domains of the invention (and in particular ISVDs of
the invention and more in particular Nanobodies of the invention) and compounds of the
invention may be directed against the ion channel Kv.1.3.

The co-pending US provisional application USSN 62/014,023 (title: “Kv1.3 binding
immunoglobulins”; assignee: Ablynx N.V_; filing date: June 18, 2014) as well as the
subsequent filed US provisional application of the same title filed on March 16, 2015
(assignee: Ablynx N.V.} inter alia describe immunoglobulin single variable domains (and in
particular Nanobodies) that are directed against the potassium selective voltage-gated ion
channel Kv1.3, as well as proteins, polypeptides and other Nanobody-based constructs that
comprise at least one such Nanobody against Kv1.3.

The mutations described in the present application (optionally suitably combined with
a C-terminal extension as described in herein and/or in WO 12/175741) may also be suitably
applied to the Nanobodies, proteins, polypeptides and other Nanobody-based constructs
against Kv1.3 that are described in these two US provisional applications.

Thus, in one aspect, the invention relates to a VH domain that is directed against
Kv1.3 and that is as further described herein for the ISVD’s of the invention (i.e. comprising
the amino acid residues/mutations as described herein).

Again, as with other aspects and embodiments of the invention described herein, when
a specific ISVD (such as the ISVD against Kv1.3 described in this Example) or compound
comprising the same is said to be “according to the invention™ or “as further described
herein”, the preferred aspects/embodiments and preferences that are generally described
herein for the ISVD’s or compounds of the invention also specifically apply to said specific
ISVD or compound, respectively, unless explicitly indicated otherwise or unless the specific
technical context requires otherwise.

Thus, in a particular aspect, the present invention relates to a VH domain that is
directed against Kv1.3, in which (i) position 112 is K or Q; or (ii) position 110 is K or Q and
position 11 1s V; or (iii) position 89 is T; or (iv) position 89 is L and position 110 is K or Q; or
(v) position 11 is V and position 89 is L; or any suitable combination of (i) to (v). In

particular, in such VH domains against Kv1.3:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most
preferably V); and

- the amino acid residue at position 14 is preferably suitably chosen from A or P; and
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- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and

- the amino acid residue at position 112 is preferably suitably chosen from S, K or (;

such that either (i) position 112 is K or (; or (ii) position 110 is K or Q and position 11 is V;
or (iii} position 89 is T; or (1v) position 89 is L and position 110 is K or Q; or (v) position 11
is V and position 89 is L; or any suitable combination of (i) to (v).

The VH domains against Kv1.3 referred to in this Example may in particular have
CDR’s that are as described on pages 5-10 of USSN 62/014,023 (including any preferred
aspects/embodiments of such CDRs) or sequence-optimized versions thereof, as described in
the other US provisional application referred to above.

In particular, the VH domains against Kv 1.3 referred to in this Example may in
particular have a combination of CDR 1, CDR2 and CDR3 that is chosen from one of the
combination of CDR 1, CDR2 and CDR3 that are listed as preferred aspects in the list that
bridges pages 9 and 10 of USSN 62/014,023.

In some preferred, but non-limiting aspect of the inventions:

- in a VH domain of the invention: (i) CDR1 (according to Kabat) is the sequence of SED
ID NO:166 or an amino acid sequence that has one or two amino acid differences with the
sequence of SEQ ID NO:166; (ii) CDR2 (according to Kabat) is the sequence of SED ID
NO:167 or an amino acid sequence that has one or two amino acid differences with the
sequence of SEQ ID NO:167; and (i11) CDR3 (according to Kabat) is the sequence of SED
ID NO:168 or an amino acid sequence that has one or two amino acid differences with the
sequence of SEQ ID NO:168; and even more preferably: (i) CDR1 (according to Kabat) is
the sequence of SED ID NO:166; (i1) CDR2 (according to Kabat) is the sequence of SED
ID NO:167; and (iii) CDR3 (according to Kabat) is the sequence of SED ID NO:168;
and/or

- in a VH domain of the invention: (i) CDR1 (according to Abm) is the sequence of SED ID
NO:169 or an amino acid sequence that has one or two amino acid differences with the
sequence of SEQ ID NO:169; (i1) CDR2 (according to Abm) is the sequence of SED ID
NO:170 or an amino acid sequence that has one or two amino acid differences with the
sequence of SEQ ID NO:170; and (1i1) CDR3 (according to Abm) is the sequence of SED

ID NO:171 or an amino acid sequence that has one or two amino acid differences with the
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sequence of SEQ ID NO:171; and even more preferably: (i) CDR1 (according to Abmy) is
the sequence of SED ID NO:169; (ii) CDR2 (according to Abm) is the sequence of SED
ID NO:170; and (ii1) CDR3 (according to Abm) is the sequence of SED 1D NO:178.

The VH domains of the invention against Kv1.3 may further be as described herein
and may again in particular be an ISVD {(and more in particular a Nanobody) against Kv1.3 or
a protein, polypeptide or other compound or construct that comprises as least one such ISVD.
Such a protein, polypeptide or other compound or construct may also be as further described
herein, and may for example have an increased half-life (i.e. as described herein, e.g. a half-
life - expressed as t1/2 beta - in human subjects of in human subjects of at least 1 day,
preferably at least 3 days, more preferably at least 7 days, such as at least 10 days), and for
this purpose may for example comprise a serum-albumin binding Nanobody, which may also
be a serum-albumin binding Nanobody of the invention (again, as described herein).

Also, such an ISVD may suitably have a C-terminal extension (as further described
herein and in WO 12/175741), in particular when said ISVD forms the C-terminal end of a
protein, polypeptide or other compound or construct comprising the same (again, as further
described herein).

For example and without limitation, the VH domains of the invention against Kv1.3
may be one of the sequences listed in Table A-1 of USSN 62/014,023 (SEQ ID NO’s: 1 to
123 in USSN 62/014,023) or one of the sequences of listed in Table A-1 of US provisional
application entitled “Kv1.3 binding immunoglobulins” (assignee: Ablynx N.V _; filing date:
March 16, 2015) (SEQ ID NO’s: 1 to 123, 495, 498 t0 513 or 523 to 540 in said US
provisional; and in particular the sequence of SEQ ID NO: 495), but suitably with the
mutations/specific amino acid residues described herein for the ISVDs of the invention, and
optionally suitably with a C-terminal extension.

In one specific aspect, a Nanobody of the invention against Kv1.3 is a variant of the
Nanobody of SEQ ID NO:137 (with at least 90% sequence identity with SEQ ID NO:137), in
which:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most
preferably V); and

- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and
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- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and

- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;

such that either (i) position 112 is K or Q; or (it) position 110 is K or Q and position 11is V;
or (ii1) position 89 is T; or (iv) position 89 is L and position 110 is K or Q; or (v) position 11
is V and position 89 is L; or any suitable combination of (i) to (v).

Some specifically preferred, but non-limiting examples of Nanobodies of the invention
against Kv1.3 and of compounds of the invention comprising the same are listed in Figure 9A
(monovalent Nanobodies: SEQ 1D NO’s: 138 to 153) and Figure 9B (trivalent bispecific half-
life extended constructs: SEQ ID NO’s: 156 to 164). Compounds of the invention that
comprise or essentially consist of at least one (such as one, two or three) anti-Kv1.3
Nanobody chosen from the anti-Kv1.3 Nanobodies of SEQ [D NO’s: 138 to 155 form a
further aspect of the invention. Also, each of the compounds of SEQ ID NO’s: 156 to 164
forms a further aspect of the invention. In one specific aspect, such compounds contain two
such Nanobodies of the invention against Kv1.3 and one Nanobody against human serum
albumin (which is preferably also a Nanobody of the invention). Also, again, such a construct
may contain suitable linkers and a C-terminal extension.

The monovalent anti-Kv1.3 Nanobodies of SEQ ID NO’s: 138 to 155 were generated
by introducing the 1.11V and V8I9L mutations of the invention into the starting sequence of
SEQ ID NO: 137 (reference). In addition, different combinations of humanizing (or other
sequence-optimizing) mutations were introduced, such as E1D, A14P, G19R, M53A or M53Q
or M53Y, T62S, A74S, K83R, S94G and/or T97E). The specific mutations introduced in each
of the sequences of SEQ 1D NO: 138 to 155 is given in Figure 9A.

Some of the monovalent anti-Kv1.3 Nanobodies from Figure 9A were also formatted
as trivalent bispecific constructs comprising two Nanobodies of the invention against Kv1.3
and one half-life extending Nanobody of the invention against human serum albumin (SEQ
1D NO:109, also referred to as “ALB-82" in Figure 9B). 35GS linkers were used, and all the
constructs have a C-terminal extension (a single C-terminal alanine residue). The sequences
of the resulting constructs are given in SEQ 1D NO’s 156 to 164. Of these, three constructs
(SEQ ID NOs: 156, 157 and 160) were tested for binding by pre-existing antibodies in
samples obtained from 47 diabetic human subjects and 90 healthy human subjects, using the
general protocol described herein. The binding by pre-existing antibodies by samples from
these two sets were compared to the reference construct of SEQ ID NO:165, which is a

corresponding trivalent bispecific construct based on the reference anti-Kv1.3 building block
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of SEQ ID NO:137 and the serum albumin binder Alb-8 (SEQ ID NO:46), again combined
with a C-terminal alanine extension. The results are shown in Figure 10 (samples from 47
diabetic patients) and Figure 11 (samples from 90 healthy volunteers). In each case, the
constructs with the L11V and V89L mutations of the invention showed reduced binding by

pre-existing antibodies compared to the reference construct.

Example 8: VH domains (and in particular Nanobodies) against IL-23, and compounds of the

invention comprising the same.

In one specific aspect, the VH domains of the invention (and in particular ISVDs of
the invention and more in particular Nanobodies of the invention) and compounds of the
invention may be directed against 1L-23.

Such a VH domain of the invention against [L-23 will generally comprise: (i) suitable
framework sequences that suitably comprise the amino acid residues/mutations of the
invention as described herein; as well as (ii) CDR sequences that allow the VH domain of the
invention to specifically bind to 11.-23. In addition, such a VH domain of the invention against
[1.-23 may also suitably have a C-terminal extension as described herein, in particular when
said VH domain is monovalent or forms the C-terminal end of the compound of the invention
in which said VH domain is present (again, as further described herein). Such VH domains of
the invention against 11.-23 may further be as further described herein, and may in particular
be ISVD’s.

Again, as with other aspects and embodiments of the invention described herein, when
a specific ISVD (such as the ISVD against 11.-23 described in this Example) or compound
comprising the same is said to be “according to the invention™ or “as further described
herein”, the preferred aspects/embodiments and preferences that are generally described
herein for the ISVD’s or compounds of the invention also specifically apply to said specific
[SVD or compound, respectively, unless explicitly indicated otherwise or unless the specific
technical context requires otherwise.

Thus, in a particular aspect, the present invention relates to a VH domain (and in
particular an ISVD) that is directed against IL-23, in which (i) position 112 is K or Q; or (ii)
position 110 is K or Q and position 11 is V; or (iii) position 89 is T; or {iv) position 89 is L
and position 110 is K or Q; or (v) position 11 is V and position 89 is L; or any suitable

combination of (1) to (v). In particular, in such VH domains against 1L-23:
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- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most
preferably V); and

- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and

- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;

such that either (i) position 112 is K or Q; or (ii) position 110 is K or Q and position 11 is V;
or (ii1) position 89 1s T; or (iv) position 89 is L and position 110 is K or Q; or (v) position 11
is V and position 89 is L; or any suitable combination of (i) to (v).

The VH domains of the invention against 1L-23 may farther be as described herein and
may again in particular be an ISVD (and more in particular a Nanobody) against IL-23 or a
protein, polypeptide or other compound or construct that comprises as least one such ISVD.
Such a protein, polypeptide or other compound or construct may also be as further described
herein, and may for example have an increased half-life (i.e. as described herein, e.g. a half-
life - expressed as t1/2 beta - in human subjects of in human subjects of at least 1 day,
preferably at least 3 days, more preferably at least 7 days, such as at least 10 days), and for
this purpose may for example comprise a serum-albumin binding Nanobody, which may also
be a serum-albumin binding Nanobody of the invention (again, as described herein).

Also, such an ISVD may suitably have a C-terminal extension (as further described
herein and in WO 12/175741), in particular when said ISVD forms the C-terminal end of a
protein, polypeptide or other compound or construct comprising the same (again, as further
described herein).

In one preferred aspect, the VH domains of the invention against 1L-23 comprise (i) a
CDR1 sequence that is the sequence of SEQ ID NO: 173 (which is preferred) or that is an
amino acid sequence that has only one amino acid difference with the sequence of SEQ 1D
NO: 173; (ii) a CDR2 sequence that is the sequence of SEQ ID NO: 174 (which is preferred)
or that is an amino acid sequence that has only one or two amino acid differences with the
sequence of SEQ ID NO: 174; and (iii) a CDR3 sequence that is the sequence of SEQ ID NO:
175 (which is preferred) or that is an amino acid sequence that has only one or two amino acid

differences with the sequence of SEQ ID NO: 175.
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More preferably, in a VH domain of the invention against [L.-23 according to this
aspect: (i) CDR1 is SEQ ID NO:173; (i) CDR2 is SEQ ID NO: 174; and (iii) CDR3 is SEQ
ID NO: 175.

In one specific aspect, a Nanobody of the invention against I1.-23 is a variant of the
Nanobody of SEQ ID NO:172 (with at least 90% sequence identity, such as at least 95%
sequence identity, with SEQ ID NO:172), in which:

- the amino acid residue at position 11 is preferably chosen from L., V or K (and s most
preferably V); and

- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and

- the amino acid residue at position 112 is preferably suitably chosen from S, K or (3;

such that either (i) position 112 is K or Q; or (ii) position 110 is K or Q and position 11 is V;
or (iii} position 89 is T; or (iv) position 89 is L. and position 110 is K or Q; or (v) position 11
is V and position 89 is L; or any suitable combination of (i) to (v). The CDR’s of such an ISV
are preferably as defined in the preceding two paragraphs.

In another preferred aspect, the VH domains of the invention against IL-23 comprise
(i) a CDR1 sequence that is the sequence of SEQ ID NO: 191 (which is preferred) or that is an
amino acid sequence that has only one amino acid difference with the sequence of SEQ ID
NO: 191; (ii) a CDR2 sequence that is the sequence of SEQ ID NO: 192 (which is preferred)
or that is an amino acid sequence that has only one or two amino acid differences with the
sequence of SEQ ID NO: 192; and (i11) 2 CDR3 sequence that is the sequence of SEQ ID NO:
193 (which is preferred) or that is an amino acid sequence that has only one or two amino acid
differences with the sequence of SEQ ID NO: 193.

More preferably, in a VH domain of the invention against 1L.-23 according to this
aspect: (i) CDR1 is SEQ ID NO: 191; (i1) CDR2 is SEQ ID NO: 192; and (i11) CDR3 is SEQ
ID NO: 193.

In one specific aspect, a Nanobody of the invention against [L-23 is a variant of the
Nanobody of SEQ ID NO:172 (with at least 90% sequence identity, such as at least 95%
sequence identity, with SEQ ID NO:;190), in which:
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- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most
preferably V); and

- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and

- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;

such that either (i) position 112 is K or Q; or (ii) position 110 is K or Q and position 11 is V;
or (1i1) position 89 is T; or (iv) position 89 is L and position 110 is K or Q; or (v) position 11
is V and position 89 is L; or any suitable combination of (i) to {v). Again, the CDR’s of such
an ISV are preferably as defined in the preceding two paragraphs.

Some specifically preferred, but non-limiting examples of such Nanobodies of the
invention against [L-23 are listed in Figure 12A as SEQ ID NO’s: 176 to 189 and Figure 12B
as SEQ ID NO’s: 194 to 207, respectively; and each of these Nanobodies form a further
aspect of the invention.

The invention also relates to a compound of the invention against IL-23 that comprises
at least one (such as one, two or three) of the Nanobodies of the invention of SEQ ID NO’s:
176 to 189 and/or 194 to 207. Such compounds of the invention against IL-23 may again be
as further described herein, and thus for example may comprise suitable linkers, may
comprise a C-terminal extension as described herein, and may be half-life extended (for
example because they comprise a Nanobody against human serum albumin, such as
(preferably) a Nanobody of the invention against human serum albumin). Reference is made
to Table R below.

As described in for example WO 2009/068627, WO 2010/142534 and
WO2011/135026, on particularly preferred class of Nanobody-based compounds against 1L~
23 are biparatopic compounds. Thus, in one aspect of the invention, a compound of the
invention against [L-23 is a biparatopic construct that comprises one ISV that is either SEQ
ID NO: 172 or (preferably) an ISV of the invention that has been derived from SEQ ID
NO:172 (as described in this Example 8) and one ISV that is either SEQ ID NO: 190 or
{(preferably) an ISV of the invention that has been derived from SEQ ID NO: 190 (as
described in this Example 8), provided that at least one (and preferably both) of these ISV's

are ISV’s of the invention. Such biparatopic constructs may also be half-life extended (i.e. by
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means of a serum albumin-binding ISV). Some specific examples of such biparatopic
constructs are given in SEQ ID NO: 514 to 549.

Some specifically preferred examples of compounds of the invention against IL-23 are
given in Figure 22 as SEQ ID NO’s: 514 to 549; and each of these compounds form a further
aspect of the invention. Thus, in another aspect, the invention relates to a polypeptide that is
directed against IL-23 and that has an amino acid sequence that is chosen from the group
consisting of SEQ 1D NO’s: 514 to 549. More generally, compounds of the invention against
IL-23 may be as described in WO 2009/068627, WO 2010/142534 and W02011/135026, but
comprising ISV’s of the invention. They may also be used for the purposes described in WO
2009/068627, WO 2010/142534 and W02011/135026.
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Example 9: VH domains (and in particular Nanobodies) against OX40-L., and compounds of

the invention comprising the same.

In one specific aspect, the VH domains of the invention (and in particular ISVDs of
the invention and more in particular Nanobodies of the invention) and compounds of the
invention may be directed against OX40-L.

Such a VH domain of the invention against OX40-L will generally comprise: (i)
suitable framework sequences that suitably comprise the amino acid residues/mutations of the
invention as described herein; as well as (if) CDR sequences that allow the VH domain of the
invention to specifically bind to OX40-L. In addition, such a VH domain of the invention
against OX40-L may also suitably have a C-terminal extension as described herein, in
particular when said VH domain is monovalent or forms the C-terminal end of the compound
of the invention in which said VH domain is present (again, as further described herein). Such
VH domains of the invention against OX40-L may further be as further described herein, and
may in particular be ISVD’s.

Again, as with other aspects and embodiments of the invention described herein, when
a specific ISVD (such as the ISVD against OX40-L described in this Example) or compound
comprising the same is said to be “according to the invention” or “as further described
herein”, the preferred aspects/embodiments and preferences that are generally described
herein for the ISVD’s or compounds of the invention also specifically apply to said specific
ISVD or compound, respectively, unless explicitly indicated otherwise or unless the specific
technical context requires otherwise.

Thus, in a particular aspect, the present invention relates to a VH domain (and in
particular an ISVD) that is directed against OX40-L, in which (i) position 112 is K or Q; or
(i1) position 110 is K or Q and position 11 is V; or (iii} position 89 is T; or (iv) position 89 is
L and position 110 is K or Q; or (v) position 11 is V and position 89 is L; or any suitable

combination of (i) to (v). In particular, in such VH domains against OX40-L:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most
preferably V); and

- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 1s preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or ; and
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- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;

such that either (i) position 112 is K or ; or (ii) position 110 is K or Q and position 11 is V;
or (iii) position 89 is T; or (iv) position 89 is L and position 110 is K or Q; or (v) position 11
1s V and position 89 is L; or any suitable combination of (i) to (v).

The VH domains of the invention against OX40-L may further be as described herein
and may again in particular be an ISVD (and more in particular a Nanobody) against OX40-L
or a protein, polypeptide or other compound or construct that comprises as least one such
ISVD. Such a protein, polypeptide or other compound or construct may also be as further
described herein, and may for example have an increased half-life (i.e. as described herein,
e.g. a half-life - expressed as t1/2 beta - in human subjects of in human subjects of at least 1
day, preferably at least 3 days, more preferably at least 7 days, such as at least 10 days), and
for this purpose may for example comprise a serum-albumin binding Nanobody, which may
also be a serum-albumin binding Nanobody of the invention (again, as described herein).

Also, such an ISVD may suitably have a C-terminal extension (as further described
herein and in WO 12/175741), in particular when said ISVD forms the C-terminal end of a
protein, polypeptide or other compound or construct comprising the same (again, as further
described herein).

In one preferred aspect, the VH domains of the invention against OX40-L comprise (i}
a CDR1 sequence that is the sequence of SEQ 1D NO: 209 (which is preferred) or that is an
amino acid sequence that has only one amino acid difference with the sequence of SEQ ID
NO: 209; (ii) a CDR2 sequence that is the sequence of SEQ ID NO: 210 (which is preferred)
or that is an amino acid sequence that has only one or two amino acid differences with the
sequence of SEQ ID NO: 210; and (iii) a CDR3 sequence that is the sequence of SEQ ID NO:
211 (which is preferred) or that is an amino acid sequence that has only one or two amino acid
differences with the sequence of SEQ ID NO: 211.

More preferably, in a VH domain of the invention against OX40-L according to this
aspect: (i) CDR1 is SEQ ID NO:209; (ii)) CDR2 is SEQ ID NO: 210; and (iii) CDR3 is SEQ
ID NO: 211.

In one specific aspect, a Nanobody of the invention against OX40-L is a variant of the
Nanobody of SEQ ID NO:208 (with at least 90% sequence identity, such as at least 95%
sequence 1dentity, with SEQ ID NO:208), in which:

- the amino acid residue at position 11 1s preferably chosen from L, V or K. (and is most

preferably V); and
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- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 1s preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and

- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;

such that either (1) position 112 is K or Q; or (11) position 110 is K or Q and position 11 is V;
or (iii) position 89 is T; or (iv) position 89 is L and position 110 is K or Q; or (v) position 11
i1s V and postition 89 is L; or any suitable combination of (i) to (v). The CDR’s of such an ISV
are preferably as defined in the preceding two paragraphs.

Some specifically preferred, but non-limiting examples of Nanobodies of the invention
against OX40-L are listed in Figure 13 as SEQ ID NO’s: 212 to 225; and each of these
Nanobodies form a further aspect of the invention,

The invention also relates to a compound of the invention against OX40-1. that
comprises at least one (such as one, two or three) of the Nanobodies of the invention of SEQ
ID NO’s: 212 to 225. Such compounds of the invention against OX40-L may again be as
further described herein, and thus for example may comprise suitable linkers, may comprise a
C-terminal extension as described herein, and may be half-life extended (for example because
they comprise a Nanobody against human serum albumin, such as (preferably) a Nanobody of
the invention against human serum albumin). Reference is made to Table S below.

Some specifically preferred examples of compounds of the invention against OX40-L
are given in Figure 23 as SEQ ID NO’s: 550 to 585; and each of these compounds form a
further aspect of the invention. Thus, in another aspect, the invention relates to a polypeptide
that is directed against OX40-L and that has an amino acid sequence that is chosen from the
group consisting of SEQ ID NO’s: 550 10 585. More generally, compounds of the invention
against OX40-L may be as described in WO 2011/073180, but comprising ISV’s of the
invention. They may also be used for the purposes described in WO 2011/073180.
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Example 10: VH domains {(and in particular Nanobodies) against IgE. and compounds of the

invention comptising the same.

In one specific aspect, the VH domains of the invention (and in particular ISVDs of
the invention and more in particular Nanobodies of the invention) and compounds of the
invention may be directed against IgE.

Such a VH domain of the invention against IgE will generally comprise: (i) suitable
framework sequences that suitably comprise the amino acid residues/mutations of the
invention as described herein; as well as (ii) CDR sequences that allow the VH domain of the
invention to specifically bind to IgE. In addition, such a VH domain of the invention against
IgE may also suitably have a C-terminal extension as described herein, in particular when said
VH domain is monovalent or forms the C-terminal end of the compound of the invention in
which said VH domain is present (again, as further described herein). Such VH domains of
the invention against IgE may further be as further described herein, and may in particular be
ISVD’s.

Again, as with other aspects and embodiments of the invention described herein, when
a specific ISVD (such as the ISVD against IgE described in this Example) or compound
comprising the same is said to be “according to the invention™ or “as further described
herein”, the preferred aspects/embodiments and preferences that are generally described
herein for the ISVD’s or compounds of the invention also specifically apply to said specific
ISVD or compound, respectively, unless explicitly indicated otherwise or unless the specific
technical context requires otherwise.

Thus, in a particular aspect, the present invention relates to a VH domain (and in
particular an ISVD) that is directed against IgE, in which (i) position 112 is K or Q; or (ii}
position 110 is K or Q and position 11 is V; or (iii) position 89 is T; or (iv) position 89 is L
and position 110 is K or Q; or (v) position 11 is V and position 89 is L; or any suitable

combination of (i) to (v). In particular, in such VH domains against IgE:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most
preferably V); and

- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and
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- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;

such that either (i) position 112 is K or Q; or (ii) position 110 is K or Q and position 11 is V;
or (1i1) position 89 is T; or (iv) position 89 is L and position 110 is K or Q; or (v) position 11
18 V and position 89 is L; or any suitable combination of (i) to (v).

The VH domains of the invention against IgE may further be as described herein and
may again in particular be an ISVD (and more in particular a Nanobody) against IgE or a
protein, polypeptide or other compound or construct that comprises as least one such ISVD.
Such a protein, polypeptide or other compound or construct may also be as further described
herein, and may for example have an increased half-life (i.e. as described herein, e.g. a half-
life - expressed as t1/2 beta - in human subjects of in human subjects of at least 1 day,
preferably at least 3 days, more preferably at least 7 days, such as at least 10 days), and for
this purpose may for example comprise a serum-albumin binding Nanobody, which may also
be a serum-albumin binding Nanobody of the invention (again, as described herein).

Also, such an ISVD may suitably have a C-terminal extension (as further described
herein and in WO 12/175741), in particular when said ISVD forms the C-terminal end of a
protein, polypeptide or other compound or construct comprising the same (again, as further
described herein),

In one preferred aspect, the VH domains of the invention against IgE comprise (i) a
CDRI1 sequence that is the sequence of SEQ IID NO: 227 (which is preferred) or that is an
amino acid sequence that has only one amino acid difference with the sequence of SEQ ID
NO: 227, (i1} a CDR2 sequence that is the sequence of SEQ 1D NO: 228 (which is preferred)
or that is an amino acid sequence that has only one or two amino acid differences with the
sequence of SEQ [D NO: 228; and (iii) a CDR3 sequence that is the sequence of SEQ 1D NO:
229 (which is preferred) or that is an amino acid sequence that has only one or two amino acid
differences with the sequence of SEQ ID NO: 229,

More preferably, in a VH domain of the invention against IgE according to this aspect:
(i) CDR1 is SEQ ID NO: 227; (i1) CDR2 1s SEQ 1D NO: 228; and (iii) CDR3 is SEQ ID NO:
229,

In one specific aspect, a Nanobody of the invention against IgE is a variant of the
Nanobody of SEQ ID NQ: 226 (with at least 90% sequence identity, such as at least 95%
sequence identity, with SEQ ID NO: 226), in which:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most

preferably V); and



133

- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and
- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and

- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;

such that either (i) position 112 is K or Q; or (ii) position 110 is K or Q and position 11 is V;
or (1i1) position 89 is T; or (iv) position 89 is L and position 110 is K or Q; or (v) position 11
is V and position 89 is L; or any suitable combination of (i) to (v). The CDR’s of such an ISV
are preferably as defined in the preceding two paragraphs.

Some specifically preferred, but non-limiting examples of Nanobodies of the invention
against IgE are listed in Figure 14 as SEQ ID NO’s: 230 to 243; and each of these Nanobodies
form a further aspect of the invention.

The invention also relates to a compound of the invention against IgE that comprises
at least one (such as one, two or three) of the Nanobodies of the invention of SEQ ID NO’s:
230 to 243. Such compounds of the invention against IgE may again be as further described
herein, and thus for example may comprise suitable linkers, may comprise a C-terminal
extension as described herein, and may be half-life extended (for example because they
comprise a Nanobody against human serum albumin, such as (preferably) a Nanobody of the
invention against human serum albumin). Reference is made to Table T below.

Some specifically preferred examples of compounds of the invention against IgE are
given in Figure 24 as SEQ [D NO’s: 586 to 594; and each of these compounds form a further
aspect of the invention. Thus, in another aspect, the invention relates to a polypeptide that is
directed against IgE and that has an amino acid sequence that is chosen from the group
consisting of SEQ ID NO’s: 586 to 594.

More generally, compounds of the invention against IgE may be as described in WO
2012/175740 and the relevant parts of W02012/175400, but comprising ISV’s of the
invention. They may also be used for the purposes described in WO 2012/175740.
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Example 11;: VH domains (and in particular Nanobodies) against CXCR4, and compounds of

the invention comprising the same,

In one specific aspect, the VH domains of the invention (and in particular ISVDs of
the invention and more in particular Nanobodies of the invention} and compounds of the
invention may be directed against CXCR4.

Such a VH domain of the invention against CXCR4 will generally comprise: (i)
suitable framework sequences that suitably comprise the amino acid residues/mutations of the
invention as described herein; as well as (i1) CDR sequences that allow the VH domain of the
invention to specifically bind to CXCR4. In addition, such a VH domain of the invention
against CXCR4 may also suitably have a C-terminal extension as described herein, in
particular when said VH domain is monovalent or forms the C-terminal end of the compound
of the invention in which said VH domain is present (again, as further described herein). Such
VH domains of the invention against CXCR4 may further be as further described herein, and
may in particular be ISVD’s.

Again, as with other aspects and embodiments of the invention described herein, when
a specific ISVD (such as the ISVD against CXCR4 described in this Example) or compound
comprising the same is said to be “according to the invention™ or “as further described
herein”, the preferred aspects/embodiments and preferences that are generally described
herein for the ISVD’s or compounds of the invention also specifically apply to said specific
ISVD or compound, respectively, unless explicitly indicated otherwise or unless the specific
technical context requires otherwise.

Thus, in a particular aspect, the present invention relates to a VH domain (and in
particular an ISVD) that is directed against CXCR4, in which (1) position 112 is K or Q; or (ii)
position 110 is K or Q and position 11 is V; or (ii1) position 89 is T; or (iv) position 89 is L
and position 110 1s K or Q; or (v) position 11 is V and position 89 is L; or any suitable

combination of (i) to (v). In particular, in such VH domains against CXCR4:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most
preferably V); and

- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or I; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and
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- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;

such that either (i) position 112 is K or Q; or (ii) position 110 is K or QQ and position 11 is V;
or (ii1) position 89 1s T; or (iv) position 89 is L. and position 110 is K or Q; or (v) position 11
is V and position 89 is L; or any suitable combination of (i) to (v).

The VH domains of the invention against CXCR4 may further be as described herein
and may again in particular be an ISVD (and more in particular a Nanobody) against CXCR4
or a protein, polypeptide or other compound or construct that comprises as least one such
ISVD. Such a protein, polypeptide or other compound or construct may also be as further
described herein, and may for example have an increased half-life (i.e. as described herein,
e.g. a half-life - expressed as t1/2 beta - in human subjects of in human subjects of at least 1
day, preferably at least 3 days, more preferably at least 7 days, such as at least 10 days), and
for this purpose may for example comprise a serum-albumin binding Nanobody, which may
also be a serum-albumin binding Nanobody of the invention (again, as described herein).

Also, such an ISVD may suitably have a C-terminal extension (as further described
herein and in WO 12/175741), in particular when said ISVD forms the C-terminal end of a
protein, polypeptide or other compound or construct comprising the same (again, as further
described herein).

In one preferred aspect, the VH domains of the invention against CXCR4 comprise (i)
a CDRI sequence that is the sequence of SEQ 1D NO: 245 (which is preferred) or that is an
amino acid sequence that has only one amino acid difference with the sequence of SEQ ID
NO: 245; (i1} a CDR2 sequence that is the sequence of SEQ ID NO: 246 (which is preferred)
or that is an amino acid sequence that has only one or two amino acid differences with the
sequence of SEQ ID NO: 246; and (ii1} a CDR3 sequence that is the sequence of SEQ ID NO:
247 (which is preferred) or that is an amino acid sequence that has only one or two amino acid
differences with the sequence of SEQ ID NO: 247,

More preferably, in a VH domain of the invention against CXCR4 according to this
aspect: (i) CDRI1 is SEQ ID NO: 245; (ii) CDR2 is SEQ ID NO: 246; and (iii) CDR3 is SEQ
ID NO: 247.

In one specific aspect, a Nanobody of the invention against CXCR4 is a variant of the
Nanobody of SEQ ID NO: 244 (with at least 90% sequence identity, such as at least 95%
sequence identity, with SEQ ID NO: 244), in which:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most

preferably V); and
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- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 1s preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and

- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;

such that either (1) position 112 is K or Q; or (ii) position 110 is K or Q and position 11 is V;
or (iil} position 89 is T; or (iv) position 89 is 1. and position 110 is K or Q; or (v) position 11
is V and position 89 1s L; or any suitable combination of (i) to (v). The CDR’s of such an ISV
are preferably as defined in the preceding two paragraphs.

In another preferred aspect, the VH domains of the invention against CXCR4
comprise (1) a CDR1 sequence that is the sequence of SEQ ID NO: 263 (which is preferred)
or that is an amino acid sequence that has only one amino acid difference with the sequence of
SEQ ID NO: 263; (11) a CDR2 sequence that is the sequence of SEQ ID NO: 264 (which is
preferred) or that is an amino acid sequence that has only one or two amino acid differences
with the sequence of SEQ ID NO: 264; and (iii) a CDR3 sequence that is the sequence of
SEQ ID NO: 265 (which 1s preferred) or that is an amino acid sequence that has only one or
two amino acid differences with the sequence of SEQ ID NO: 265.

More preferably, in a VH domain of the invention against CXCR-4 according to this
aspect: (1) CDR1 is SEQ ID NO: 263; (ii) CDR2 is SEQ ID NO: 264; and (iii) CDR3 is SEQ
ID NO: 265.

In one specific aspect, a Nanobody of the invention against 11.-23 is a variant of the
Nanobody of SEQ ID NO: 262 (with at least 90% sequence identity, such as at least 95%
sequence identity, with SEQ ID NO: 262), in which:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most
preferably V); and

- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and

- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;
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such that either (i) position 112 is K or Q; or (ii) position 110 is K or Q and position 11 is V;
or (iii) position 89 is T; or (iv) position 89 is L and position 110 is K or Q; or (v) position 11
is V and position 89 is L; or any suitable combination of (i) to (v). Again, the CDR’s of such
an ISV are preferably as defined in the preceding two paragraphs.

Some specifically preferred, but non-limiting examples of Nanobodies of the invention
against CXCR4 are listed in Figure 15A as SEQ 1D NO’s: 248 to 261 and in Figure 15B as
SEQ ID NO’s: 266 to 279; and each of these Nanobodies form a further aspect of the
invention.

The invention also relates to a compound of the invention against CXCR4 that
comprises at least one (such as one, two or three) of the Nanobodies of the invention of SEQ
ID NO’s: 248 to 261 and/or 266 to 279. Such compounds of the invention against CXCR4
may again be as further described herein, and thus for example may comprise suitable linkers,
may comprise a C-terminal extension as described herein, and may be half-life extended (for
example because they comprise a Nanobody against human serum albumin, such as
(preferably) a Nanobody of the invention against human serum albumin). Reference is made
to Table U below.

As described in for example WO 2009/138519, WO 2011/042398 and WO
2011/161266, one particularly preferred class of Nanobody-based compounds against CXCR4
are biparatopic compounds. Thus, in one aspect of the invention, a compound of the invention
against CXCR4 is a biparatopic construct that comprises one ISV that is either SEQ ID NO:
244 or (preferably) an ISV of the invention that has been derived from SEQ ID NO: 244 (as
described in this Example 11) and one ISV that is either SEQ ID NO: 262 or (preferably) an
ISV of the invention that has been derived from SEQ ID NO: 262 (as described in this
Example 11), provided that at least one (and preferably both) of these ISV’s are ISV’s of the
invention. Such biparatopic constructs may also be half-life extended (i.e. by means of a
serum albumin-binding ISV). Some specific examples of such biparatopic constructs are
given in SEQ ID NO: 595 to 603.

Some specifically preferred examples of compounds of the invention against CXCR-4
are given in Figure 25 as SEQ ID NO’s: 595 to 603; and each of these compounds form a
further aspect of the invention. Thus, in another aspect, the invention relates to a polypeptide
that is directed against CXCR-4 and that has an amino acid sequence that is chosen from the
group consisting of SEQ ID NO’s: 595 to 603. More generally, compounds of the invention
against CXCR-4 may be as described in WO 2009/138519, WO 2011/042398 and WO
2011/161266 WO 2011/144749, but comprising ISV’s of the invention. They may also be
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used for the purposes described in WO 2009/138519, WO 2011/042398 and WO
2011/161266.
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Example 12: VH domains (and in particular Nanobodies) against HER-3. and compounds of

the invention comprising the same.

In one specific aspect, the VH domains of the invention (and in particular ISVDs of
the invention and more in particular Nanobodies of the invention) and compounds of the
invention may be directed against HER-3,

Such a VH domain of the invention against HER-3 will generally comprise: (i)
suitable framework sequences that suitably comprise the amino acid residues/mutations of the
invention as described herein; as well as (i) CDR sequences that allow the VH domain of the
invention to specifically bind to HER-3. In addition, such a VH domain of the invention
against HER-3 may also suitably have a C-terminal extension as described herein, in
particular when said VH domain is monovalent or forms the C-terminal end of the compound
of the invention in which said VH domain is present (again, as further described herein). Such
VH domains of the invention against HER-3 may further be as further described herein, and
may in particular be ISVD’s.

Again, as with other aspects and embodiments of the invention described herein, when
a specific ISVD (such as the ISVD against HER-3 described in this Example} or compound
comprising the same is said to be “according to the invention™ or “as further described
herein”, the preferred aspects/embodiments and preferences that are generally described
herein for the ISVD’s or compounds of the invention also specifically apply to said specific
ISVD or compound, respectively, unless explicitly indicated otherwise or unless the specific
technical context requires otherwise.

Thus, in a particular aspect, the present invention relates to a VH domain (and in
particular an ISVD) that is directed against HER-3, in which (i) position 112 is K or Q; or (ii)
position 110 is K or Q and position 11 is V; or (iii) position 89 is T; or (iv) position 89 is L.
and position 110 is K or Q; or (v) position 11 is V and position 89 is L; or any suitable

combination of (i) to (v). In particular, in such VH domains against HER-3:

- the amino acid residue at position 11 is preferably chosen from I, V or K (and is most
preferably V}; and

- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or I; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and
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- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;

such that either (i} position 112 1s K or Q; or (ii) position 110 is K or Q and position 11 is V;
or (iii} position 89 is T; or (1v) position 89 is L and position 110 is K or Q; or (v) position 11
is V and position 89 is L; or any suitable combination of (i) to (v).

The VH domains of the invention against HER-3 may further be as described herein
and may again in particular be an ISVD (and more in particular a Nanobody) against HER-3
or a protein, polypeptide or other compound or construct that comprises as least one such
ISVD. Such a protein, polypeptide or other compound or construct may also be as further
described herein, and may for example have an increased half-life (i.e. as described herein,
e.g. a half-life - expressed as t1/2 beta - in human subjects of in human subjects of at least 1
day, preferably at least 3 days, more preferably at least 7 days, such as at least 10 days), and
for this purpose may for example comprise a serum-albumin binding Nanobody, which may
also be a serum-albumin binding Nanobody of the invention (again, as described herein).

Also, such an ISVD may suitably have a C-terminal extension (as further described
herein and in WO 12/175741}, in particular when said ISVD forms the C-terminal end of a
protein, polypeptide or other compound or construct comprising the same (again, as further
described herein).

In one preferred aspect, the VH domains of the invention against HER-3 comprise (i) a
CDRI1 sequence that is the sequence of SEQ ID NO: 281 (which is preferred) or that is an
amino acid sequence that has only one amino acid difference with the sequence of SEQ ID
NO: 281; (i1) a CDR2 sequence that is the sequence of SEQ ID NO: 282 (which is preferred)
or that is an amino acid sequence that has only one or two amino acid differences with the
sequence of SEQ ID NO: 282; and (i1i) a CDR3 sequence that is the sequence of SEQ ID NO:
283 (which is preferred) or that is an amino acid sequence that has only one or two amino acid
differences with the sequence of SEQ ID NO: 283.

More preferably, in a VH domain of the invention against HER-3 according to this
aspect: (1) CDR1 is SEQ ID NO: 281; (i1) CDR2 is SEQ ID NO: 282; and (ii1) CDR3 is SEQ
ID NO: 283.

In one specific aspect, a Nanobody of the invention against HER-3 is a variant of the
Nanobody of SEQ ID NO: 280 (with at least 90% sequence identity, such as at least 95%
sequence identity, with SEQ ID NO: 280), in which:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most

preferably V); and
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- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and

- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;

such that either (i) position 112 is K or Q; or (ii) position 110 is K or Q and position 11 is V;
or (iii) position &9 is T; or (1v) position 89 is L and position 110 is K or Q; or (v) position 11
is V and position 89 is L; or any suitable combination of (i) to {v). The CDR’s of such an ISV
are preferably as defined in the preceding two paragraphs.

In another preferred aspect, the VH domains of the invention against HER-3 comprise
(i) a CDR1 sequence that is the sequence of SEQ ID NQO: 299 (which is preferred) or that is an
amino acid sequence that has only one amino acid difference with the sequence of SEQ ID
NO: 299; (i1} a CDR2 sequence that is the sequence of SEQ ID NO: 300 (which is preferred)
or that is an amino acid sequence that has only one or two amino acid differences with the
sequence of SEQ ID NO: 300; and (1ii) a CDR3 sequence that is the sequence of SEQ ID NO:
301 (which is preferred) or that is an amino acid sequence that has only one or two amino acid
differences with the sequence of SEQ ID NO: 301.

More preferably, in a VH domain of the invention against HER-3 according to this
aspect: (1) CDR1 is SEQ ID NO: 299; (i1) CDR2 is SEQ ID NO: 300; and (iii}) CDR3 is SEQ
ID NO: 301.

In one specific aspect, a Nanobody of the invention against HER-3 is a variant of the
Nanobody of SEQ ID NO: 298 (with at least 90% sequence identity, such as at least 95%
sequence identity, with SEQ ID NO: 298), in which:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most
preferably V); and

- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and

- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;
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such that either (i) position 112 is K or Q; or (i) position 110 is K or Q and position 11 is V;
or (ii1) position 89 is T; or (iv) position 89 is L and position 110 is K or Q; or (v) position 11
is V and position 89 is L; or any suitable combination of (i} to (v). Again, the CDR’s of such
an ISV are preferably as defined in the preceding two paragraphs.

Some specifically preferred, but non-limiting examples of Nanobodies of the invention
against HER-3 are listed in Figure 16A as SEQ ID NO’s: 284 to 297and Figure 16B as SEQ
ID NO’s: 302 to 315, respectively; and each of these Nanobodies form a further aspect of the
invention.

The invention also relates to a compound of the invention against HER-3 that
comprises at least one (such as one, two or three) of the Nanobodies of the invention of SEQ
1D NO’s: 284 to 297 and/or 302 to 315. Such compounds of the invention against HER-3 may
again be as further described herein, and thus for example may comprise suitable linkers, may
comprise a C-terminal extension as described herein, and may be half-life extended (for
example because they comprise a Nanobody against human serum albumin, such as
{preferably) a Nanobody of the invention against human serum albumin). Reference is made
to Table V below.

As described in for example WO 2011/144749, one particularly preferred class of
Nanobody-based compounds against HER-3 are biparatopic compounds. Thus, in one aspect
of the invention, a compound of the invention against HER-3 is a biparatopic construct that
comprises one ISV that is either SEQ ID NO: 280 or (preferably) an ISV of the invention that
has been derived from SEQ ID NO: 280 (as described in this Example 12) and one ISV that is
either SEQ ID NO: 298 or (preferably) an ISV of the invention that has been derived from
SEQ ID NO: 298 (as described in this Example 12), provided that at least one (and preferably
both) of these 1SV’s are ISV’s of the invention. Such biparatopic constructs may also be half-
life extended (i.e. by means of a serum albumin-binding ISV). Some specific examples of
such biparatopic constructs are given in SEQ ID NO: 604 to 639.

Some specifically preferred examples of compounds of the invention against HER-3
are given in Figure 26 as SEQ DD NO’s: 604 to 639; and each of these compounds form a
further aspect of the invention. Thus, in another aspect, the invention relates to a polypeptide
that is directed against HER-3 and that has an amino acid sequence that is chosen from the
group consisting of SEQ ID NO’s: 604 to 639. More generally, compounds of the invention
against HER-3 may be as described in WO 2011/144749, but comprising ISV’s of the
invention. They may also be used for the purposes described in WO 2011/144749.
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Example 13: VH domains (and in particular Nanobodies) against TNF, and compounds of the

invention comprising the same,

In one specific aspect, the VH domains of the invention {(and in particular ISVDs of
the invention and more in particular Nanobodies of the invention) and compounds of the
invention may be directed against TNF.

Such a VH domain of the invention against TNF will generally comprise: (1) suitable
framework sequences that suitably comprise the amino acid residues/mutations of the
invention as described herein; as well as (i1} CDR sequences that allow the VH domain of the
invention to specifically bind to TNF. In addition, such a VH domain of the invention against
TNF may also suitably have a C-terminal extension as described herein, in particular when
said VH domain is monovalent or forms the C-terminal end of the compound of the invention
in which said VH domain is present (again, as further described herein). Such VH domains of
the invention against TNF may further be as further described herein, and may in particular be
ISVD’s.

Again, as with other aspects and embodiments of the invention described herein, when
a specific ISVD (such as the ISVD against TNF described in this Example) or compound
comprising the same is said to be “according to the invention” or “as further described
herein”, the preferred aspects/embodiments and preferences that are generally described
herein for the ISVD’s or compounds of the invention also specifically apply to said specific
ISVD or compound, respectively, unless explicitly indicated otherwise or unless the specific
technical context requires otherwise.

Thus, in a particular aspect, the present invention relates to a VH domain (and in
particular an ISVD) that is directed against TNF, in which (i) position 112 is K or Q; or (ii)
position 110 is K or Q and position 11 is V; or (i1} position 89 is T; or (iv) position 89 1s L
and position 110 is K or Q; or (v) position 11 is V and position 89 is L; or any suitable

combination of (i) to (v). In particular, in such VH domains against TNF:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most
preferably V}; and

- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or QQ; and
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- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;

such that either (i) position 112 is K or Q; or (ii) position 110 is K or Q and position 11 is V;
or (iii) position 89 is T; or (iv) position 89 is L and position 110 is K or Q; or (v) position 11
is V and position 89 is L; or any suitable combination of (i) to (v).

The VH domains of the invention against TNF may further be as described herein and
may again in particular be an ISVD (and more in particular a Nanobody) against TNF or a
protein, polypeptide or other compound or construct that comprises as least one such ISVD.
Such a protein, polypeptide or other compound or construct may also be as further described
herein, and may for example have an increased half-life (i.e. as described herein, e.g. a half-
life - expressed as t1/2 beta - in human subjects of in human subjects of at least 1 day,
preferably at least 3 days, more preferably at least 7 days, such as at least 10 days), and for
this purpose may for example comprise a serum-albumin binding Nanobody, which may also
be a serum-albumin binding Nanobody of the invention (again, as described herein).

Also, such an ISVD may suitably have a C-terminal extension (as further described
herein and in WO 12/175741), in particular when said ISVD forms the C-terminal end of a
protein, polypeptide or other compound or construct comprising the same (again, as further
described herein).

In one preferred aspect, the VH domains of the invention against TNF comprise (i) a
CDRI1 sequence that is the sequence of SEQ ID NO: 317 (which is preferred) or that is an
amino acid sequence that has only one amino acid difference with the sequence of SEQ ID
NO: 317; (ii) a CDR2 sequence that is the sequence of SEQ ID NO: 318 (which is preferred)
or that is an amino acid sequence that has only one or two amino acid differences with the
sequence of SEQ ID NO: 318; and (iii) a CDR3 sequence that is the sequence of SEQ ID NO:
319 (which is preferred) or that is an amino acid sequence that has only one or two amino acid
differences with the sequence of SEQ ID NO: 319.

More preferably, in a VH domain of the invention against TNF according to this
aspect: (i) CDR1 is SEQ ID NO: 317; (ii) CDR2 is SEQ ID NO: 318; and (iii)) CDR3 is SEQ
ID NO: 319.

In one specific aspect, a Nanobody of the invention against TNF is a variant of the
Nanobody of SEQ ID NO: 316 (with at least 90% sequence identity, such as at least 95%
sequence identity, with SEQ ID NO: 316), in which:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most

preferably V); and
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- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and

- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;

such that either (i) position 112 is K or Q; or (ii) position 110 is K or Q and position 11 is V;
or (ii1) position 89 is T; or (iv) position 89 1s L and position 110 is K or Q; or (v) position 11
is V and position 89 is L; or any suitable combination of (i) to (v). The CDR’s of such an ISV
are preferably as defined in the preceding two paragraphs.

Some specifically preferred, but non-limiting examples of Nanobodies of the invention
against TNF are listed in Figure 17A as SEQ ID NO’s: 320 to 333; and each of these
Nanobodies form a further aspect of the invention.

The invention also relates to a compound of the invention against TNF that comprises
at least one (such as one, two or three) of the Nanobodies of the invention of SEQ 1D NO’s:
320 to 333. Such compounds of the invention against TNF may again be as further described
herein, and thus for example may comprise suitable linkers, may comprise a C-terminal
extension as described herein, and may be half-life extended (for example because they
comprise a Nanobody against human serum albumin, such as (preferably) a Nanobody of the
invention against human serum albumin). Reference is made to Table W below. Generally, as
TNF is a multivalent target, compounds of the invention comprising two or three anti-TNF
ISV’s (and linkers of suitable length, see WO 06/122786) are preferred)

Some specifically preferred examples of compounds of the invention against TNF are
given in Figure 27 as SEQ ID NO’s: 640 to 675; and each of these compounds form a further
aspect of the invention. Thus, in another aspect, the invention relates to a polypeptide that is
directed against TNF and that has an amino acid sequence that is chosen from the group
consisting of SEQ ID NO’s: 640 to 675. More generally, compounds of the invention against
TNF may be as described in WO 2006/122786, but comprising ISV’s of the invention. They
may also be used for the purposes described in WO 2006/122786.
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Example 14; Further VH domains (and in particular Nanobodies) against TNF. and

compounds of the invention comprising the same,

In one specific aspect, the VH domains of the invention (and in particular ISVDs of
the invention and more in particular Nanobodies of the invention) and compounds of the
invention may be directed against TNF.

Such a VH domain of the invention against TNF will generally comprise: (i) suitable
framework sequences that suitably comprise the amino acid residues/mutations of the
invention as described herein; as well as (i1) CDR sequences that allow the VH domain of the
invention to specifically bind to TNF. In addition, such a VH domain of the invention against
TNF may also suitably have a C-terminal extension as described herein, in particular when
said VH domain is monovalent or forms the C-terminal end of the compound of the invention
in which said VH domain 1s present (again, as further described herein). Such VH domains of
the invention against TNF may further be as further described herein, and may in particular be
ISVD’s.

Again, as with other aspects and embodiments of the invention described herein, when
a specific ISVD (such as the ISVD against TNF described in this Example) or compound
comprising the same is said to be “according to the invention™ or “as further described
herein”, the preferred aspects/embodiments and preferences that are generally described
herein for the ISVD’s or compounds of the invention also specifically apply to said specific
ISVD or compound, respectively, unless explicitly indicated otherwise or unless the specific
technical context requires otherwise.

Thus, in a particular aspect, the present invention relates to a VH domain (and in
particular an ISVD) that is directed against TNF, in which (i) position 112 is K or Q; or (ii)
position 110 is K or Q and position 11 is V; or (ii1) position 89 is T; or (iv) position 8% is L
and position 110 13 K or Q; or (v) position 11 is V and position 89 is L; or any suitable

combination of (i) to (v). In particular, in such VH domains against TNF:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most
preferably V); and

- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and
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- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;

such that either (i) position 112 is K or Q; or (ii) position 110 is K or Q and position 11 is V;
or (iii) position 89 is T; or {iv) position 89 is L and position 110 is K or Q; or (v) position 11
is V and position 89 is L; or any suitable combination of (i) to (v).

The VH domains of the invention against TNF may further be as described herein and
may again in particular be an ISVD (and more in particular a Nanobody) against TNF or a
protein, polypeptide or other compound or construct that comprises as least one such ISVD.
Such a protein, polypeptide or other compound or construct may also be as further described
herein, and may for example have an increased half-life (i.¢. as described herein, e.g. a half-
life - expressed as t1/2 beta - in human subjects of in human subjects of at least 1 day,
preferably at least 3 days, more preferably at least 7 days, such as at least 10 days), and for
this purpose may for example comprise a serum-albumin binding Nanobody, which may also
be a serum-albumin binding Nanobody of the invention (again, as described herein).

Also, such an ISVD may suitably have a C-terminal extension (as further described
herein and in WO 12/175741), in particular when said ISVD forms the C-terminal end of a
protein, polypeptide or other compound or construct comprising the same (again, as further
described herein).

In one preferred aspect, the VH domains of the invention against TNF comprise (i) a
CDRI1 sequence that is the sequence of SEQ ID NO: 335 (which is preferred) or that is an
amino acid sequence that has only one amino acid difference with the sequence of SEQ ID
NO: 335; (i1) a CDR2 sequence that is the sequence of SEQ ID NO: 336 (which is preferred)
or that is an amino acid sequence that has only one or two amino acid differences with the
sequence of SEQ ID NO: 336; and (iti) a CDR3 sequence that is the sequence of SEQ ID NO:
337 (which is preferred) or that is an amino acid sequence that has only one or two amino acid
differences with the sequence of SEQ ID NO: 337.

More preferably, in a VH domain of the invention against TNF according to this
aspect: (1) CDR1 is SEQ ID NO: 335; (11) CDR2 is SEQ ID NO: 336; and (iii) CDR3 is SEQ
ID NO: 337.

In one specific aspect, a Nanobody of the invention against TNF is a variant of the
Nanobody of SEQ 1D NO: 334 (with at least 90% sequence identity, such as at least 95%
sequence identity, with SEQ ID NO: 334), in which:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most

preferably V); and
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- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and
- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and

- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;

such that either (i) position 112 is K or Q; or (ii) position 110 is K or  and position 11is V,
or (iii) position 89 is T; or {iv) position 89 is L. and position 110 is K or Q; or (v) position 11
is V and position 89 is L; or any suitable combination of (i) to (v). The CDR’s of such an ISV
are preferably as defined in the preceding two paragraphs.

Some specifically preferred, but non-limiting examples of Nanobodies of the invention
against TNF are listed in Figure 17B as SEQ ID NO’s: 338 to 351; and each of these
Nanobodies form a further aspect of the invention.

The invention also relates to a compound of the invention against TNF that comprises
at least one (such as one, two or three) of the Nanobodies of the invention of SEQ ID NO’s:
338 to 251. Such compounds of the invention against TNF may again be as further described
herein, and thus for example may comprise suitable linkers, may comprise a C-terminal
extension as described herein, and may be half-life extended (for example because they
comprise a Nanobody against human serum albumin, such as (preferably) a Nanobody of the
invention against human serum albumin}. Reference is made to Table X below. Generally, as
TNF is a multivalent target, compounds of the invention comprising two or three anti-TNF

ISV’s are preferred.
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Example 15: VH domains (and in particular Nanobodies) against ¢-Met, and compounds of

the invention comprising the same,

In one specific aspect, the VH domains of the invention (and in particular ISVDs of
the invention and more in particular Nanobodies of the invention) and compounds of the
invention may be directed against c-Met.

Such a VH domain of the invention against c-Met will generally comprise: (i) suitable
framework sequences that suitably comprise the amino acid residues/mutations of the
mvention as described herein; as well as (i1) CDR sequences that allow the VH domain of the
invention to specifically bind to c-Met. In addition, such a VH domain of the invention
against c-Met may also suitably have a C-terminal extension as described herein, in particular
when said VH domain is monovalent or forms the C-terminal end of the compound of the
invention in which said VH domain is present (again, as further described herein). Such VH
domains of the invention against c-Met may further be as further described herein, and may in
particular be ISVD’s.

Again, as with other aspects and embodiments of the invention described herein, when
a specific ISVD (such as the ISVD against c-Met described in this Example) or compound
comprising the same 1s said to be “according to the invention™ or “as further described
herein”, the preferred aspects/embodiments and preferences that are generally described
herein for the ISVD’s or compounds of the invention also specifically apply to said specitic
ISVD or compound, respectively, unless explicitly indicated otherwise or unless the specific
technical context requires otherwise.

Thus, in a particular aspect, the present invention relates to a VH domain (and in
particular an ISVD) that is directed against ¢-Met, in which (i) position 112 is K or Q; or (ii)
position 110 is K or Q and position 11 is V; or (iii) position 89 is T; or (iv} position 89 is L
and position 110 is K or Q; or (v) position 11 is V and position 89 is L; or any suitable

combination of (1) to (v). In particular, in such VH domains against c-Met:

the amino acid residue at position 11 is preferably chosen from L, V or K (and is most
preferably V}; and

- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and
- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and
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- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;

such that either (1) position 112 is K or Q; or (i) position 110 is K or Q and position 11 is V;
or (111) position 89 is T; or (iv) position 89 is L and position 110 is K or Q; or (v) position 11
is V and position 89 is L; or any suitable combination of (i) to (v).

The VH domains of the invention against c-Met may further be as described herein
and may again in particular be an ISVD (and more in particular a Nanobody) against c-Met or
a protein, polypeptide or other compound or construct that comprises as least one such ISVD.
Such a protein, polypeptide or other compound or construct may also be as further described
herein, and may for example have an increased half-life (i.e. as described herein, e.g. a half-
life - expressed as t1/2 beta - in human subjects of in human subjects of at least 1 day,
preferably at least 3 days, more preferably at least 7 days, such as at least 10 days), and for
this purpose may for example comprise a serum-albumin binding Nanobody, which may also
be a serum-albumin binding Nanobody of the invention (again, as described herein).

Also, such an [SVD may suitably have a C-terminal extension (as further described
herein and in WO 12/175741), in particular when said ISVD forms the C-terminal end of a
protein, polypeptide or other compound or construct comprising the same (again, as further
described herein).

In one preferred aspect, the VH domains of the invention against c-Met comprise (1} a
CDRI1 sequence that is the sequence of SEQ ID NO: 353 (which is preferred) or that is an
amino acid sequence that has only one amino acid difference with the sequence of SEQ ID
NO: 353; (i1} a CDR2 sequence that is the sequence of SEQ ID NO: 354 (which is preferred)
or that is an amino acid sequence that has only one or two amino acid differences with the
sequence of SEQ ID NO: 354; and (iii) a CDR3 sequence that is the sequence of SEQ ID NO:
355 (which is preferred) or that is an amino acid sequence that has only one or two amino acid
differences with the sequence of SEQ ID NO: 355.

More preferably, in a VH domain of the invention against c-Met according to this
aspect: {1) CDR1 is SEQ ID NO: 353; (i1) CDR2 is SEQ ID NO: 354; and (ii1) CDR3 is SEQ
ID NO: 355.

In one specific aspect, a Nanobody of the invention against c-Met is a variant of the
Nanobody of SEQ ID NO: 352 (with at least 90% sequence identity, such as at least 95%
sequence identity, with SEQ ID NO: 352), in which:

- the amino acid residue at position 11 is preferably chosen from L, V or K {and is most

preferably V); and
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- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 1s preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and

- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;

such that either (1) position 112 1s K or Q; or (ii) position 110 is K or Q and position 11 is V;
or (iit) position 89 is T; or (iv) position 89 is L. and position 110 is K or Q; or (v) position 11
is V and position 89 is L; or any suitable combination of (i) to (v). The CDR’s of such an ISV
are preferably as defined in the preceding two paragraphs.

In another preferred aspect, the VH domains of the invention against c-Met comprise
(i) a CDRI1 sequence that is the sequence of SEQ 1D NO: 371 (which is preferred) or that is an
amino acid sequence that has only one amino acid difference with the sequence of SEQ ID
NO: 371; (1) a CDR2 sequence that is the sequence of SEQ ID NO: 372 (which is preferred)
or that is an amino acid sequence that has only one or two amino acid differences with the
sequence of SEQ ID NO: 372; and (iii) a CDR3 sequence that is the sequence of SEQ ID NO:
373 (which is preferred) or that is an amino acid sequence that has only one or two amino acid
differences with the sequence of SEQ ID NO: 373,

More preferably, in such a VH domain of the invention against c-Met according to this
aspect: (i) CDR1 is SEQ ID NO: 371; (ii) CDR2 is SEQ ID NO: 372; and (iii) CDR3 is SEQ
ID NO: 373.

In one specific aspect, a Nanobody of the invention against c-Met is a variant of the
Nanobody of SEQ ID NO: 370 (with at least 90% sequence identity, such as at least 95%
sequence identity, with SEQ ID NO: 370), in which:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most
preferably V); and

- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and

- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;
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such that either (i) position 112 is K or Q; or (ii) position 110 is K or Q and position 11 is V;
or (iii) position 89 is T; or (iv) position 89 is L. and position 110 is K or Q; or (v) position 11
is V and position 89 is L; or any suitable combination of (i) to (v). Again, the CDR’s of such
an ISV are preferably as defined in the preceding two paragraphs.

Some specifically preferred, but non-limiting examples of Nanobodies of the invention
against c-Met are listed in Figure 18A as SEQ ID NO’s: 356 to 369 and in Figure 18B as SEQ
ID NO’s: 374 to 387, respectively; and each of these Nanobodies form a further aspect of the
invention.

The invention also relates to a compound of the invention against c-Met that
comprises at least one (such as one, two or three) of the Nanobodies of the invention of SEQ
ID NO’s: 356 to 369 and/or 374 to 387. Such compounds of the invention against c-Met may
again be as further described herein, and thus for example may comprise suitable linkers, may
comprise a C-terminal extension as described herein, and may be half-life extended (for
example because they comprise a Nanobody against human serum albumin, such as
(preferably) a Nanobody of the invention against human serum albumin). Reference is made
to Table Y below.

As described in for example WO 2013/045707, one particularly preferred class of
Nanobody-based compounds against c-Met are biparatopic compounds. Thus, in one aspect of
the invention, a compound of the invention against c-Met is a biparatopic construct that
comprises one ISV that is either SEQ ID NO: 352 or (preferably) an ISV of the invention that
has been derived from SEQ ID NO: 352 (as described in this Example 15) and one ISV that is
either SEQ ID NO: 370 or (preferably) an ISV of the invention that has been derived from
SEQ ID NO: 370 (as described in this Example 15), provided that at least one (and preferably
both) of these ISV’s are ISV’s of the invention. Such biparatopic constructs may also be half-
life extended (i.e. by means of a serum albumin-binding ISV). Some specific examples of
such biparatopic constructs are given in SEQ ID NQ: 676 to 693. Also, bispecific constructs
against c-Met may also comprise an ISV against VEGF or EGFR. Reference is again made to
WO 2014/341309.

Some specifically preferred examples of compounds of the invention against ¢c-Met are
given in Figures 28A and 28B SEQ ID NO’s: 676 to 694; and each of these compounds form
a further aspect of the invention. Thus, in another aspect, the invention relates to a
polypeptide that is directed against c-Met and that has an amino acid sequence that is chosen

from the group consisting of SEQ 1D NO’s: 676 to 694, More generally, compounds of the
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invention against c-Met may be as described in WO 2013/045707, but comprising ISV’s of
the invention. They may also be used for the purposes described in WO 2013/045707.
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Example 16: VH domains (and in particular Nanobodies) against RANK-L, and compounds

of the invention comprising the same.

In one specific aspect, the VH domains of the invention {and in particular ISVDs of
the invention and more in particujar Nanobodies of the invention) and compounds of the
invention may be directed against RANK-L.

Such a VH domain of the invention against RANK-L will generally comprise: (i)
suitable framework sequences that suitably comprise the amino acid residues/mutations of the
invention as described herein; as well as (ii) CDR sequences that allow the VH domain of the
invention to specifically bind to RANK-L. In addition, such a VH domain of the invention
against RANK-L may also suitably have a C-terminal extension as described herein, in
particular when said VH domain is monovalent or forms the C-terminal end of the compound
of the invention in which said VH domain is present (again, as further described herein). Such
VH domains of the invention against RANK-L may further be as further described herein, and
may in particular be ISVD’s.

Again, as with other aspects and embodiments of the invention described herein, when
a specific ISVD (such as the ISVD against RANK-L described in this Example) or compound
comprising the same 1s said to be “according to the invention™ or “as further described
herein”, the preferred aspects/embodiments and preferences that are generally described
herein for the ISVI)’s or compounds of the invention also specifically apply to said specific
ISVD or compound, respectively, unless explicitly indicated otherwise or unless the specific
technical context requires otherwise.

Thus, in a particular aspect, the present invention relates to a VH domain (and in
particular an ISVD) that is directed against RANK-L, in which (i) position 112 is K or Q; or
(ii) position 110 1s K or Q and position 11 is V; or (iit) position 89 is T; or (iv) position 89 is
L and position 110 is K or Q; or (v) position 11 is V and position 89 is L; or any suitable

combination of (i) to (v). In particular, in such VH domains against RANK-L:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most
preferably V), and

- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and
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- the amino acid residue at position 112 is preferably suitably chosen from §, K or Q;

such that either (1) posttion 112 is K or Q; or (ii) position 110 is K or Q and position 11 is V;
or (iii) position 89 is T; or (iv) position 89 is L and position 110 is K or Q; or (v) position 11
is V and position 89 is L; or any suitable combination of (i) to (v).

The VH domains of the invention against RANK-L may further be as described herein
and may again in particular be an ISVD (and more in particular a Nanobody) against RANK-
L or a protein, polypeptide or other compound or construct that comprises as least one such
ISVD. Such a protein, polypeptide or other compound or construct may also be as further
described herein, and may for example have an increased half-life (i.e. as described herein,
e.g. a half-life - expressed as t1/2 beta - in human subjects of in human subjects of at least 1
day, preferably at least 3 days, more preferably at least 7 days, such as at least 10 days), and
for this purpose may for example comprise a serum-albumin binding Nanobody, which may
also be a serum-albumin binding Nanobody of the invention (again, as described herein).

Also, such an ISVD may suitably have a C-terminal extension (as further described
herein and in WO 12/175741), in particular when said ISVD forms the C-terminal end of a
protein, polypeptide or other compound or construct comprising the same (again, as further
described herein).

In one preferred aspect, the VH domains of the invention against RANK-L comprise
(i) a CDR1 sequence that is the sequence of SEQ ID NO: 389 (which is preferred) or that is an
amino acid sequence that has only one amino acid difference with the sequence of SEQ ID
NO: 389; (11) a CDR2 sequence that is the sequence of SEQ ID NO: 390 (which is preferred)
or that is an amino acid sequence that has only one or two amino acid differences with the
sequence of SEQ 1D NO: 390; and (iii) a CDR3 sequence that is the sequence of SEQ ID NO:
391 (which is preferred) or that is an amino acid sequence that has only one or two amino acid
differences with the sequence of SEQ 1D NO: 391.

More preferably, in a VH domain of the invention against RANK-I. according to this
aspect: (1) CDR1 is SEQ ID NO: 389; (ii) CDR2 is SEQ ID NO: 390; and (iii) CDR3 is SEQ
ID NO: 391.

In one specific aspect, a Nanobody of the invention against RANK-L is a variant of
the Nanobody of SEQ ID NO: 388 (with at least 90% sequence identity, such as at least 95%
sequence identity, with SEQ ID NO: 388), in which:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most

preferably V); and
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- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and

- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;

such that either (i) position 112 is K or Q; or (i1} position 110 is K or Q and position 11 is V;
or (iil) position 89 is T; or (iv) position 89 is L and position 110 is K or Q; or (v) position 11
is V and position 89 is L; or any suitable combination of (i) to (v). The CDR’s of such an ISV
are preferably as defined in the preceding two paragraphs.

Some specifically preferred, but non-limiting examples of Nanobodies of the invention
against RANK-L are listed in Figure 19 as SEQ ID NO’s: 392 to 405; and each of these
Nanobodies form a further aspect of the invention.

The invention also relates to a compound of the invention against RANK-L that
comprises at least one (such as one, two or three) of the Nanobodies of the invention of SEQ
ID NO’s: 392 to 405. Such compounds of the invention against RANK-L may again be as
further described herein, and thus for example may comprise suitable linkers, may comprise a
C-terminal extension as described herein, and may be half-life extended (for example because
they comprise 2 Nanobody against human serum albumin, such as (preferably) a Nanobody of
the invention against human serum albumin). Reference is made to Table Z below.

Some specifically preferred examples of compounds of the invention against RANK-L
are given in Figure 29 as SEQ ID NO’s: 694 to 729; and each of these compounds form a
further aspect of the invention. Thus, in another aspect, the invention relates to a polypeptide
that is directed against RANK-L and that has an amino acid sequence that is chosen from the
group consisting of SEQ ID NO’s: 694 to 729.

More generally, compounds of the invention against RANK-L may be as described in
WO 2008/142164, but comprising ISV’s of the invention. They may also be used for the
purposes described in WO 2008/142164.



187

(mo10q puade] 208) = [
(,) S61 01 Z8% Io/puB / /1 0)

$Ot 1S.ON A1 OFS Jo ouo = st yussaid [T-3INV Y] 2u0 1s89] 1Y [NV -[T-NV D (worearg

(mooq puadof 028) = (W)Y UOISUDIXD

{mo[aq puadol s08) =1 et

(mofaq puada] 298) = (V] -Dy/papuaxe

S6r (Wx- [T-3INVA]-1 -[vs] yI-3rey

01 28 J0/pue L/ O $9F 'S ON (I OAS Jo 2o = [T-IINVH] WX-Ivs]-"T- [T3INVY] | fuojesouol
(moraq puada] 208} = I

{mo12q puadat 09s) = [vS] popuaxe

4 PNV VT -Ivs] JI-Jiey

01 78+ 10/pue /L 01 9% S, ON I OFS JO dU0 = [T-INV Y] [vsl-'"T-[1-3INvd] |  nustesouopy

ﬂo_mﬁuuxo

S6p [BUIWISY-))

01 78 10/pUB /Lt 01 +9% S.ON Al OHS Jo 2U0 = ["T-3INVY] (OX-[T-JANVY] | Austesouop
S6F

0) 78% J0/pue [/ 01 9y S.ON (1 OIS JO 2u0 = [T-3INVH] [1-3INVA] JUS[BAOUOTA]

(Jponnsuod

SIUI] pue $Yd0[q Suipling AS] epwaoj [gIdua) | ppndadijog

I-3NVY Isurede uonpusaul a3 jo spunoduiod jo sajdwexy 17 dqe L,




188

{mo1eq puadaj 29s) = (W)Y

{mo[oq puaFa| 298) = ( Juorsuaixa

{(mo[oq puagor das) =] JEUIULID)-D)

(#0]2q puadal 09s) = [V§] (WX- MT-3INVAFT -[TINVE]- "1 -[vs] /PIpUDIXa

(,) S6¥ 01 T8Y Jo/pue L.y 0 (- [T5INv a1 -lvs T -l INvrd] J1-Jrey

79t *S.ON Q] OFS JO 2u0 = st Jussald ["]-3NVY] 2U0 3s89] 1y (WX- [vs}HT -[T-3INVE]- T -[T-3INVY] ArusTRAL
(Mo[aq pusdal @a8) =
(10]oq puadoy 99s) =17

(mofaq pusdof 00s) = [V§] [TINVIFT-[T-3INVE-T -[vs] (.Jpapuaixa

(,) S6¥ 01 T8 Jo/pue Ly 0} CaNvalT -tvsi- 1 - sinvil JI-JTeY

#9¥ 'S.ON a1 OFS JO 9uo = st Jussald ["T-3INVH] o0 3s89] 1y (vsl-1 - [NV -1 -[T-3INVAD juateaty
(mopaq puadaj 238) = (W)Y

{mo0]2q puodo] 23s) == I (,Juorsuaixa

(,) s617 01 78 10/pue [BUTULIS-0)

LLY 91 9% S.ON a1 OFS Jo 3u0 = [T-JNV Y] 2u0 15e3] 1y (W)x- [T-3INVEF"T - T-3INvAD /IuSeald

C«usbmﬁco

SIDUI] pue syI0iq SuIpng ASI [0} [eruwan) | ppndadijog

(panunuod) 7 3jqeL,




189

(moy2q puade) 29s) = [gN]

{mo[5q puagda] 2as)i CT 11

(mo3q pueda] 295) = [y§]

{,) s6p 01 78 Jo/pue /L1 0

FOF S.ON Al OFS J0 at0 = s juasaad [1-3NVY] su0 1se9] 1y

F-sINvE-oT - [and-v1 -vs]
[ONF-*T - [NV T -Lvs]
fwsl-=1 - [1-3INv -1 -[aN]d
[T-3INv a1 - [ws)-'1 -[and
[aNI-o1- [vST-T -[ 1INV )
[ws]-“1- [aNJ-'"1 - T-3INV

() papuaixe
IRy
/oyIoadsig

(mo7aq puadop 22s) = [qN]
{moraq puada] 298) = ()Y
(mo[oq puagdaf 20s) =

(mo0[2q puada] 00s) =]

(- [NV FT - Nv T -4T -laNd
(x- [13Nval-#1 -lan] -1 -TTanvild
(- [aNT-#T1 -[T3NVE] -'T - [T 3NV Y]

{¢) vorsuoxo

(,) $6 01 78 10/pue [/} 0} (Wx- [T-3Nval-1-fand [eulua)-)
#9t 1. ON (I OIS JO U0 = st yussaud [-3INV Y] 260 3s89] 1y (- [aNI- 11 -[13iNvl Ayoadsigy
{mo]aq puago 295) = [qN] [T-3NVEoT-[T-3NVE] -1 -[aN]
(m0faq puodaf 208) =] [NV a1 -[and -1 - 13N D
(#mo0[aq puaBaj 208) = [ONT-*T -[aNval - ' -Tsinval
(,) S6+ 01 Z8F do/pue L1t 0) [NVl -{laNd
#9t S ON I OIS JO U0 = st Judsasd [-HNV Y] SU0 jse9] 1V [ONT-V1-[T3INVAD | () oytoadstg
Cau?zm:cu
SI9¥uIf pue sydo[q Suiping AS] gpuLioj [eaduac) | pndadAjod

(ponunuod) 7 3qe




190

(mojoq puodaf 205) = [qN]
(moraq puada) 99s) = (W)X

(WX-[vs]-“1- [T3INVEl-1 -[aN] -1 -[T-3INvdl
(WX-[TINVEI-T -[aN] =21 -[ TNV a1 -[vs]
(Wx- laN}-+1 -[1>nval =21 -IT-invoal-1 -vs]
(Wx- [vSI1 - [T-3INVI]-“T -[ TNV A -1 -[aN]d
(Wx- [vsl-¥1- [aNI-*T -[T-3INval -1 -[1-3INVYD
@x- FFAINVI-T - [and -v1-[vs]

(Wx- [AN}-¥T - [T-3INvEl-' T -[vs]

() uorsueixo

(#012q puagda] 8as)t] T ] (Wx- [vs}o1- [T3INVE]-"T-[aNd [EUTULIS)-)

(moreq puoday 905) = [v'§] (Wx- [T-3NVEFT - [vs]-1-[and /PaPUAIXD

(,) S61 01 Z8% Io/pue /L7 0) (WX- [qNI-71- [vS]T-[T-2INv ] oJI-JIeY

¥Ov S.ON (I O3S J0 2u0 = st juosad [F-INVY] oU0 1589 1V (Wx- Ivsl-“1- [an)-'"T1 -[ 1INV ] padstg
(mofaq puadaj 20s) = [qN] (VST T-aNval-“T -[anN] -1 -[ 1INV E]
(mo[oq pusdal 23s)tT @ 1] FFINVE-T -[aN] -1 - TINVET- T-Evs]

(mofaq pualaj 00s) = [vs] fand-S1 -[1Nvd -2t PNV - T v s] {,) pepuaixo

(,) S6v 01 78t To/pue £iy O} [vsF1 - [T-3MNval-“1 -[1-3NvE] -1 -[aN]d ST-JIey

Yo S.ON AT OHS JO 2U0 = st uasald [[-JINV Y] 2U0 1589 1Y [vs] -1 - [aNT-=1 - INVED - - T-3INv /oyroadsig

()ronasuod

SIMNUI] pue Oojq Surpimq A S| g[nuLIo} [etauds) | ppndadLjod

(panupuod) Z dqe,




191

UONUSAUL 31f) Jo 10adse oyroads fenpiAlpy] ue suiiof (1] OIS © 01 20UdIajal JO SURat Aq BR[O SN} Ul 03 peuonuawm sjonnsuodsapndadiiod sy Jo yoey { mv

T-SMINV Y ue sadonda jussoygip 1smeSe pooalip 8 [[Im Aoyl 1onnsuodepndadAiod ordoteredrq e ur Sjuaragmp to

owres 213 2q Aetr Juasaid [T- NV Y] oW ‘OS[V S6F ©1 281 J0/PUR £/ 01 FOF 5. ON (I OFS woy uasoys Apuapusdapur st juosald [T-INV Y] toee ‘A[qeisfaid C

"PAUONULW SI0KUI] PUB SHV0[q SuIpjing 3y} Julsn apewr aq wed PAIsi| 350U Wey) SIONNRSU0D d3100dsiq 1GLING/ISI0 ‘uosiod PIJIRYs o1f) 0} 1ea}0 3 [11a SV ()

“1-SNVY uo sadojide juaiegip jsureSe pojoaap

a1e gorgm “T-JNV Y Isulede s, AST (0m3 se 4ons) om) 1sea] e ostrdurod Aoy jey3 Sutueaw “didojeiediq og 0s[r ABWI 9[GRL, SILD UI SIONISUOD JudBALG,, [V (.}
uonuaAuL 3] Jo s, ASH (are Ajqerajaud pue) aq osie A (359U Jo {{# Ajqesaard pue) asau Jo yoeo onnsuosspudadijod yons ut uaserd s1 1081wy onnadesoy
oipoue 1suede AS[ UR J0/pUR A Q] SUIPU2IXD 9J1[-f{BY B UM ‘OSTY "UOIUSALI U] JO §, AS] 212 1onnsuodepidadLiod yons up juasard T-SINVH 1sulede s, AS]

a1 Jo [fe Ajqersyard pue ‘wONUSAUI 2} JO AS] Ue s1 juesard T-YNVY IsuteSe s, AQE 241 JO 2UO s8] I8 ‘9qe7 SIY) Ul paqiiosap sonnsuoysepudadljod aypup -
“(UIUng[e Wns 1Sulede A Q[ U S yons) A G SUIpuolxo o1f-JTey € 2suidwoo aing Aewi asolj ], 1o81e) onnaderay € ismede A ST

IO (g 10 T sk Yons) su0 1s8af 18 pUB T-YNVY ISurede s, AS] (7 10 | se yons) auo jseo| 18 Fuisuidwon sjonnsuoy/sapindodAjod o) siafas Ajjesausd oyoadstg,, -
(urunqpe wnos 15uEde oG] Ue S8 Yons) A S Suipuoxo oJI-Jiey ¢ asudwod Ioyang

uiede Apul 952y | "(JUDIAJIP 10 SWes 3] o9 ABUI JoIya) "T-3NVY 1sulede s, Ag[ om) Surstiduiod syonnsuoyssepnidadAod o) s1ajal Ajjeieuss jguspparg,, -
‘(mnungpe wnies jsurede A Q[ ue se yons)

ASI Surpuaixs afif-Jjey e osuduros syl Aeul asat [ “T-NV Y 1SUzde AS] 3{Suts e Surstduron synnsuoassapndadAjod o1 sioyai Aj[ereusd juaipioucpy, -

BIqe L ST UE ()

1SAON

"1odae) onnoderap Jepous jsureSe Aqrue si {qN] -

TPLSLT/TE OM UL IO/PUE WIRISY Ul PIQIIISIP S€ UOISUN XD [BUIULIS)-) © SB GOISUXD [BIUN)-) B = (W)Y -
Ieyul] §0DSE J0 §NOE “SD6 241 S8 [oNS ‘Ulaiey 0) PauIajal sIayui| 19s-A18 Ju ale syayul

apgepns jo sapdwexs Sunmuy-uoN “jou Jo woasaid 2q (Apuspuadopur) Aewr £} pue I T 30 yoeg Iayui] o[qeins © (Apuspuodapur) s1 €T pue &y ‘i Joyoey -
"€T6 01 96% 20 OEL "€TL 911 ‘601 ‘98 "8L ‘69 ‘79 ‘¢S ‘L S.ON Q1 OIS JO UOHUSAL 313 JO S, (JAS] 91} JO U0 Ajqr1ajoid 20U UIAS 10 |9 10 9

$.ON (1 OAS 3o 2uo Ajqeiayard asow ‘urung(2 umias (Uewny) jsureSe uopuaaul ays jJo AS| ue Aqeieyord ‘unungye wntos (uewmny) surede Agjue st [vg] -

HiE |

(panunued) 7 alqe |,




192

Example 17: VH domains (and in particular Nanobodies) against CXCR-7. and compounds of

the invention comprising the same.

In one specific aspect, the VH domains of the invention (and in particular ISVDs of
the invention and more in particular Nanobodies of the invention) and compounds of the
invention may be directed against CXCR-7.

Such a VH domain of the invention against CXCR-7 will generally comprise: (i)
suitable framework sequences that suitably comprise the amino acid residues/mutations of the
invention as described herein; as well as (i1) CDR sequences that allow the VH domain of the
invention to specifically bind to CXCR-7. In addition, such a VH domain of the invention
against CXCR-7 may also suitably have a C-terminal extension as described herein, in
particular when said VH domain is monovalent or forms the C-terminal end of the compound
of the invention in which said VH domain is present (again, as turther described herein). Such
VH domains of the invention against CXCR-7 may further be as further described herein, and
may in particular be ISVD’s.

Again, as with other aspects and embodiments of the invention described herein, when
a specific ISVD (such as the ISVD against CXCR-7 described in this Example) or compound
comprising the same is said to be “according to the invention” or “as further described
herein”, the preferred aspects/embodiments and preferences that are generally described
herein for the ISVD’s or compounds of the invention also specifically apply to said specific
ISVD or compound, respectively, unless explicitly indicated otherwise or unless the specific
technical context requires otherwise.

Thus, in a particular aspect, the present invention relates to a VH domain (and in
particular an ISVD) that is directed against CXCR-7, in which (i) position 112 is K or Q; or
(i) position 110 is K or Q and position 11 is V; or (iii) position 89 is T; or (iv) position 89 is
L and position 110 1s K or Q; or (v) position 11 is V and position 89 is L; or any suitable

combination of (i) to (v). In particular, in such VH domains against CXCR-7:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most
preferably V); and

- the amino acid residue at position 14 is preferably suitably chosen from A or P; anc

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and
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- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;

such that either (i) position 112 is K or Q; or (ii) position 110 is K or Q and position 11 is V;
or (iii) position 89 is T; or (iv) position 89 is L and position 110 is K or Q; or (v) position 11
is V and position 89 is L; or any suitable combination of (i) to (v).

The VH domains of the invention against CXCR-7 may further be as described herein
and may again in particular be an ISVD (and more in particular a Nanobody) against CXCR-7
or a protein, polypeptide or other compound or construct that comprises as least one such
ISVD. Such a protein, polypeptide or other compound or construct may also be as further
described herein, and may for example have an increased half-life (i.e. as described herein,
e.g. a half-life - expressed as t1/2 beta - in human subjects of in human subjects of at least 1
day, preferably at least 3 days, more preferably at least 7 days, such as at least 10 days), and
for this purpose may for example comprise a serum-albumin binding Nanobody, which may
also be a serum-albumin binding Nanobody of the invention (again, as described herein).

Also, such an ISVD may suitably have a C-terminal extension (as further described
herein and in WO 12/175741), in particular when said ISVD forms the C-terminal end of a
protein, polypeptide or other compound or construct comprising the same (again, as further
described herein).

In one preferred aspect, the VH domains of the invention against CXCR-7 comprise (i)
a CDR1 sequence that is the sequence of SEQ 1D NO: 407 (which is preferred) or that is an
amino acid sequence that has only one amino acid difference with the sequence of SEQ ID
NO: 407, (i1} a CDR2 sequence that is the sequence of SEQ 1D NO: 408 (which is preferred)
or that is an amino acid sequence that has only one or two amino acid differences with the
sequence of SEQ ID NO: 408; and (iii) a CDR3 sequence that is the sequence of SEQ ID NO:
409 (which is preferred) or that is an amino acid sequence that has only one or two amino acid
differences with the sequence of SEQ ID NO: 409,

More preferably, in a VH domain of the invention against CXCR-7 according to this
aspect: (1) CDR1 is SEQ ID NO: 407; (i1) CDR2 is SEQ ID NO: 408; and (iii) CDR3 is SEQ
ID NO: 409.

In one specific aspect, a Nanobody of the invention against CXCR-7 is a variant of the
Nanobody of SEQ 1D NO: 406 (with at least 90% sequence identity, such as at least 95%
sequence identity, with SEQ ID NO: 406), in which:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most

preferably V); and
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- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and
- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and

- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;

such that either (i) position 112 is K or Q; or (ii) position 110 is K or Q and position 11 is V;
or (iii) position 89 is T; or (iv) position 89 is L. and position 110 is K or Q; or (v) position 11
1s V and position 89 is L; or any suitable combination of (i) to (v). The CDR’s of such an ISV
are preferably as defined in the preceding two paragraphs.

In another preferred aspect, the VH domains of the invention against CXCR-7
comprise (1) a CDR1 sequence that is the sequence of SEQ ID NO: 425 (which is preferred)
or that is an amino acid sequence that has only one amino acid difference with the sequence of
SEQ ID NO: 425; (ii) a CDR2 sequence that is the sequence of SEQ ID NO: 426 (which is
preferred) or that is an amino acid sequence that has only one or two amino acid differences
with the sequence of SEQ ID NO: 426; and (iii) a CDR3 sequence that is the sequence of
SEQ ID NO: 427 (which is preferred) or that is an amino acid sequence that has only one or
two amino acid differences with the sequence of SEQ ID NO: 427.

More preferably, in a VH domain of the invention against CXCR-7 according to this
aspect: (1} CDR1 is SEQ ID NO: 425; (ii) CDR2 15 SEQ ID NO: 426; and (ii1) CDR3 is SEQ
[D NO: 427,

In one specific aspect, a Nanobody of the invention against CXCR-7 is a variant of the
Nanobody of SEQ ID NO: 424 (with at least 90% sequence identity, such as at least 95%
sequence identity, with SEQ ID NO: 424), in which:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most
preferably V); and

- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and

- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;
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such that either (i) position 112 is K or Q; or (ii) position 110 is K or Q and position 11 is V;
or (iii} position 89 is T; or (iv) position 89 is L and position 110 is K or Q; or (v) position 11
is V and position 89 is L; or any suitable combination of (i) to (v). Again, the CDR’s of such
an ISV are preferably as defined in the preceding two paragraphs.

Some specifically preferred, but non-limiting examples of Nanobodies of the invention
against CXCR-7 are listed in Figure 20A as SEQ 1D NO’s: 410 to 423 and in Figure 20B as
SEQ ID NO’s: 428 to 441; and each of these Nanobodies form a further aspect of the
invention.

The invention also relates to a compound of the invention against CXCR-7 that
comprises at least one {such as one, two or three) of the Nanobodies of the invention of SEQ
ID NO’s: 410 to 423 and/or 428 to 441. Such compounds of the invention against CXCR-7
may again be as further described herein, and thus for example may comprise suitable linkers,
may comprise a C-terminal extension as described herein, and may be half-life extended (for
example because they comprise a Nanobody against human serum albumin, such as
(preferably) a Nanobody of the invention against human serum albumin). Reference is made
to Table AA below.

As described in for example W02012/130874, one particularly preferred class of
Nanobody-based compounds against CXCR7 are biparatopic compounds. Thus, in one aspect
of the invention, a compound of the invention against CXCR-7 is a biparatopic construct that
comprises ong ISV that is either SEQ ID NO: 406 or (preferably) an ISV of the invention that
has been derived from SEQ ID NO: 406 (as described in this Example 17) and one 1SV that is
either SEQ ID NO: 424 or (preferably) an ISV of the invention that has been derived from
SEQ ID NO: 424 (as described in this Example 17), provided that at least one (and preferably
both) of these ISV’s are ISV’s of the invention. Such biparatopic constructs may also be half-
life extended (i.e. by means of a serum albumin-binding ISV).

More generally, compounds of the invention against CXCR-7 may be as described in
W02012/130874, but comprising ISV’s of the invention. They may also be used for the
purposes described in W02012/130874.



196

(mooq puado[ 298) = ']
(,) S6¥ 01 T8Y Jo/pue Ly 0}

#9F :S.ON a1 OIS Jo auo = si uasaid [/ -gOxX D] 2uo ises] 1y [L-42X0)"T1 - 40XD] (Jyusrearg

(mo7aq puadel 095) = (W)Y UOISUIIX2

(mol2q puadey 09s) = Iy [BUILLID)

{mojoq puadaf 298) = [V$] -0)/popuRlx%a

S6¥ (ux- [£-90x0)-"1-1vs] SRy

0} 78% JO/PUE LL{ 01 9t 'S.LON (1 OFS JO U0 = {/-4DXD] (Wx-[vsl-"1- [L4DXD1 | Audsfeacuopy
(mofaq puaday 208) = I

{mo]oq puada] 29s) = [VS] pPapuRIXo

S6v [L-40x0-"T-[vs] J1-JTey

01 Z8¥ 10/pue £/ 01 $9p :S.ON A1 OIS J0 2uo = [[-4DXD] [vsi-"1-[L-40X0] | fusjeacuopy

UOTSTIIXD

14 [RUTLIL-))

01 Z8¥ 40/PUR /L 01 9% :S.ON I OFS 40 au0 = [/-gDXD] (Wx-[£-90XD] | pusfeacuopy
S6¥

01 8% 10/pue L/t 01 9t :S.ON (i OAS J0 duo = [(-4DXD] [LMDXD] | 1uejeacuony

Cuo.:«m:cu

SINU| pue SYI0fq SuIplinq AS] g[nuLIo) [eadudr)y | ppndadijog

L~ADX)D Isurede uonuaAul 3y} jo spunodwod jo sajdwiexy vy dqe ]




197

{mo[2q puada] 9as) = (U)X

(m0]2q puado] 098) = (Juotsumxa

(mo1aq puadaf 29s) = I] [BUIULI-)

(mopaq puoday 225) = [v§] (Ox- [L-90X01-1 -[L-40X0) 1 -[vs] /PRPUNXD

(,) S6% 01 8% fo/pue L/t O (Wx- {£-90X0)-41-Ivs1-(L-90Xx0] aJ4-31eyY

9% :S.ON (1 OIS Jo suo = stjuasaud [/ -4X D] ouo 1589} 1y @WX- [vs]-“1-[L-490X0) "1 -[- 90X 0] juarealg
(mof2q puado] 20s) =11
{moroq pusgo) 998) =]

(mo[oq pueda] 008) = [V§] [-90X01-1 -1 90x0)- T -vs] (,)papuaixa

(,) S61 01 Z8% fo/pue £/ 01 [L-90XD]-*1 -Ivsk'"1 -[L-¥DX D] AI-F[ey

F9¥ :S.ON (I OFS J0 duo = s1juasaud [ DX ] 2u0 Js89] 1Y [vs]-“T -[£-90%x0]-"71 -[L4DXD] AUS[BAlg
(mo]oq puadal 208) = (U)X

(mopaq puadop 0as) = I ﬁmvco_mmmﬁo

(,) S61 01 Z8Y Io/pue [eURuI)-D)

LLY O1 $9F :S.ON A1 OdS Jo duo = [[-§DX D] 2uo 1s89] 1y WX- 1L-40x%01- 1 -{L-9pXxD] /ruapealy]

ﬁrosbm:ou

SIMUI] pue s}do[q SUWpiMg AS| gmuLio} [e1dudr)y | /opndadLjog

(panupuod) yv dqe ],




198

(mofeq puodaf 208} = Q]

(molaq puaBaf 998)] Ty ‘I

(mof2q puaBa v9s) = [v§]

{,) S6t 01 Z8F Io/pue L.y 01

9% 15 ON (@1 OIS J0 2u0 = st jussaad [-yDX D] ouo ises] 1y

[£-90x0]-1 - [anT-'1 -[vs]
[qnd-1 - 290X 0l- 1 -Tvs]
[vs)1- [L-90x0]-"1-[aNd
[£-90xD1-1 - [vsl-1-[aN]
[and-21 - [vsI-1 -[290x0]
[vs)-41- [aN}-1 -[L-90X0]

() papuaxa
1Y
/oytadsig

{mo]ag puadaj 20s) == [N}
(mofaq puadep 20s) = (U)X
(Mo]2q pus8al 908) =7
(mofoq puade| 20s) =117

(Wx- {L-90x 01 -[2-90x0] -1 -land
(Wx- [L-90x0141 -[aN] -1 -[2-90X D]
(Wx- {and-71-[2-90x01 -1 -[L-4Dx0l]

() uotsuaxa

(,) S6¢ 01 Z8F fo/pue Lt 01 (Wx- {£-30x0]-'71-land [eTIWLI9Y-))
9% :S.ON (I OHS Jo 2uo = st juasaid [/ -y DX )] auo 1589] 1y (Wx- [aNI-"1 -2 40X 0l oytoodsig
(mo7aq puaial 23s) = [qN] [L-90X 01T -[L-90X0] -1 -[9N]
(mofeq puadop 99s) =77 [L-¥0X01-o1 -[aN] -1 -[L-40X D]
(Mo0[aq puado 208) = '] fanF-o1-[2-90x0] -1 -[L-40% 0]
(,) S6t 0} Z8Y Jo/pue [/ 0} [2-40x0)-1-[aN]
vOF S.ON (1 OFS Jo 2uo = si ussaud /-] U0 1589] 1Y [aNI-"T-[240x0] | () sgwadsig

SIMUI pue sYdoIq Swping ASI

2JNULIOJ [RIAUIL)

A_v«um_.zm:ou

/apndadijog

(ponunuod) Vv a[qe ],




199

{mopoq puado] 993) = [qN]

(mojoq puosBsj 02s) = (U)Y

(mofaq pusdsf 0as)ey ¢ ‘1

(mo1aq puadeq 9as) = [y§]

(,) 6% 01 Z8Y Jo/pue //f O]

9% S.ON dI OFS Jo 2u0 = st jussaid [/-y DX D] ouo 1sed] 1y

(Ox-vsl-1- [-90X01-1 -[aN] -1 -[2-90X0]
(WX-[L-90X01-71 -[aN] -¥1 -[.-90x D11 -[vs]
(Wx- [aNI-#71 -[2-90X0] =71 -[-90x0]- 1 -[vs]
(WX- [vsl-+1 - [L-40x011-[L-40%0] -1 -[aN]
(Wx- [vs]-41- [NJ-9T -[2-90x0] -1 -[L-40XD]
(WX- [L-9DX2)T - [aN] -1 -[vs]

(Wx- [aNI-¥T - [L-4D0X D11 -[vs]

(Wx- [vsl¥1- [L90x0}-"1-[aNd

(0x- [2-90X01F1 - [vs]-"1 -{aN]

(Wx- laNI-“1- [vs)-"1 -[2-40x0]

(Wx- [vsl-“1- [aNI-'T -[2-90%0]

(;) uorsuax2
[RUIULIS-D)
/PepuaIXe
SR
ayroadste

{mojeq puadaj 22s) = [qN]
(mopaq puadaf 29s8)t] U ‘I
(#m0[2q puada] 20s5) = [v§]

[vSI-e1-[L 40X 0)-21 -[aN] -1 -[L-40X 0]
[L-90X0)T -laN] -#1 -[L-90X 01" 1-[vs]
faNd-*1 -[2-30x D1 -¥1 -[L- 40X D] T-[vS]

() papuaixe

(,) S61 01 T8F Jo/pUE LYy O [vs-41 - [L-40X0]-4T -[L90X D] -1 -[aN] I-31ey

YOF S.ON (1 OIS Jo 2uo = st yasaid [/ )X D] suo Jsea| 1y [vs] -#1- [aNJ-*T -[2-40X 0] -1 -[£L-90X D] /oyoadsig
A_wo:bw:oo

SIaYUI[ pue $}Yd0]q SWIPIING ASI e[nuLIo [e1dudn) | pndodijod

(panunuod) Vv dqeL,




200

"HORUDALY DY) 3O Joadse o1y10ads [ENPIATPUT Ue SULOJ (f S B 0) S5USI9JAI JO SURSW Aq UWN{od S U] 0) paucnuaw siongsuod/ssprdadAjod s jo yoeg ()

L-M0X D to sadojuds juaiayp surede pajoadip aq a9 jorsuodapndadL[od adorerediq e ur usisifip 10

awres o1 2q Aew juasadd [/ -dDXD] oyl ‘OS|V "Sab 01 T8F JO/PUB L 01 pOb S,ON 1 OIS wod ussoys Apuspuadspul st juasard [ -¥0HxD] yoes ‘Alqerjar C

"PAUOTIUST SISXHUI| PUE SYI0[Q JUIPLING OUf) SUISH OPLTN 3G UED PI)ISI} ASOY) ULy) $JONNSUO S510adsiq 1DYPNASYO Dossed pafIRis a1 0} J2ald aq JfiM s ()

L9DXD uo sadonds juarngp 1sutede paroarp

IR UYDTHM /- IX)) ISureSe S, AS] (0M] SE yans) 0m) 3589 Je ostidwion Aoy ey Suiuesw “didojesediq sq Os[e LB ]QE, SIY} UL SJONSUOD JUS[BALG,, [V ()
TONURALL 21 JO § A ST {242 Ajqe1ojasd pue) aq os[e Aeiu (95243 JO | (& Apqeaajasd pur) asey) jo yoes ‘JonnsucyepndadAjod yons ur juasaid st 1081e onnadeiag
JByoue Jsurede A Q[ WE JO/puUB AS] SUIPUIIXD S)1[-f{BY B UIYM OS]V UOIIUIAMI 31 JO §, AS] ale onnsuosapndad£iod yons u wesaud £ ~gyxD) SUESe s, AS]

ayt Jo [re Ajqerajald pue ‘ToluaAul oUl JO A ST ue st yuasaid DN ISWESR 5, AG] 91 JO SUO )SED I ‘0[qR SIY) Ul paquIosap sonnsuco/sopndadijod apup -
(unwnge wnos jsurede A S ue e Yons) A §J Suipus)xe ofi[-Jey v ostduron semuing Avwy 259y |, "1981e) onjnaderay; e surefe A QT

IO (7 10 [ S8 YONS) 3U0 18I 18 pue L-Dx D 1suede s, AQ] (7 10 | sB gons) suo ises| 18 Suisuduios sionnsuoysapndadAjod 01 sigjar Ajjersuad  oyfivadsty,, -
‘(wmngye wnas Jsuede A Gf Ue SB gons) A S Suipuaixa a31-Jey & ssuduiod

Toypuny urede Aew osay [ -(JUSISIIIP JO SWUBS 2Y) 9q ABUWI Yorgm) /- y[DX)) sWede g A G om] Susuiduios syonnsuos/sapndadAjod o) suagar AjjetsusT jusparg, -
“(unumnqre umass suiede A Q[ UR se yons)

ASI Surpuaixa opi[-Jjey © asudwos 1oy A8t asat] ], *L-dDX)) 1sueSe AQI 2(5us e Suisuduros sjonaisuod/sspudadijod o1 siagar Kjpesousl guappaciopy,, -

Biqe ], s Uy ()

1S9)0N

931e) onnodelsy; oyjove 1suiede AQrue st {gN] -

IFLSLI/TT AN UI J0;PUR UIRIOY U PAQLIOSIP SB UOISU)XS [BUILLIY-D) B SB TOISUS)X0 [BUEI-) B = (U)Y -
“INUT] SOGE 10 SDOE ‘SDG O} SE Yons ‘W20 0) PoLIser SIoqul] 10s-A15 o1f} are sIavuly

s[qeins Jo sapdwexs FURIUI-UON 10U 10 juasard aq (Apuspuadepur) Avw £ pue I ‘] Jo yord “Iovul S[qeims € (Apuspuadepuy) s1 fypue iy lTjo yoeg -
"CIS 01 96P 20 OEL “ETT ‘0L 601 98 ‘8L 69 TY 'PS Lt :S.ON I OIS JO UONUSAUL 343 JO S JAS] 241 JO 2uo A[qrIdjald 210U UdAG 10 [9 10 Of

S ON dr OFS Jo 2uo Ljqeiajard sioul ‘ullmngje wnias (uewiny) jsuteSe UOKUSALL 343 JO A S| Ue Ajqeiajard “‘Ulwinge wnaas (uewny) sureSe aAgyue st fyg) -

puIgy ]

(panunuod) vv diqeL




201

Example 18: VH domains (and in particular Nanobodies) against A-beta, and compounds of

the invention comprising the same.

In one specific aspect, the VH domains of the invention (and in particular ISVDs of
the invention and more in particular Nanobodies of the invention) and compounds of the
invention may be directed against A-beta.

Such a VH domain of the invention against A-beta will generally comprise: (1) suitable
framework sequences that suitably comprise the amino acid residues/mutations of the
invention as described herein; as well as (i) CDR sequences that allow the VH domain of the
invention to specifically bind to A-beta. In addition, such a VH domain of the invention
against A-beta may also suitably have a C-terminal extension as described herein, in
particular when said VH domain is monovalent or forms the C-terminal end of the compound
of the invention in which said VH domain is present (again, as further described herein). Such
VH domains of the invention against A-beta may further be as further described herein, and
may in particular be ISVD’s,

Again, as with other aspects and embodiments of the invention described herein, when
a specific ISVD (such as the ISVD against A-beta described in this Example) or compound
comprising the same is said to be “according to the invention™ or “as further described
herein”, the preferred aspects/embodiments and preferences that are generally described
herein for the ISVD’s or compounds of the invention also specifically apply to said specific
ISVD or compound, respectively, unless explicitly indicated otherwise or unless the specific
technical context requires otherwise.

Thus, in a particular aspect, the present invention relates to a VH domain (and in
particular an ISVD) that is directed against A-beta, in which (i) position 112 is K or Q; or (ii)
position 110 is K or Q and position 11 is V; or (iii) position 89 is T; or (iv) position 89 is L
and position 110 is K or Q; or (v) position 11 is V and position 89 is L; or any suitable

combination of (i) to (v). In particular, in such VH domains against A-beta:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most
preferably V); and

- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and
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- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;

such that either (i} position 112 is K or Q; or (ii) position 110 is K or Q and position 11 is V;
or (il1) position 89 is T; or (iv) position 89 is L and position 110 is K or Q; or (v) position 11
is V and position 89 is L; or any suitable combination of (i) to (v).

The VH domains of the invention against A-beta may further be as described herein
and may again in particular be an ISVD (and more in particular a Nanobody) against A-beta
or a protein, polypeptide or other compound or construct that comprises as least one such
ISVD. Such a protein, polypeptide or other compound or construct may also be as further
described herein, and may for example have an increased half-life (i.e. as described herein,
e.g. a half-life - expressed as t1/2 beta - in human subjects of in human subjects of at least 1
day, preferably at least 3 days, more preferably at least 7 days, such as at least 10 days), and
for this purpose may for example comprise a serum-albumin binding Nanobody, which may
also be a serum-albumin binding Nanobody of the invention (again, as described herein).

Also, such an ISVD may suitably have a C-terminal extension (as further described
herein and in WO 12/175741), in particular when said ISVD forms the C-terminal end of a
protein, polypeptide or other compound or construct comprising the same (again, as further
described herein). |

In one preferred aspect, the VH domains of the invention against A-beta comprise (i) a
CDRI1 sequence that is the sequence of SEQ ID NO: 461 (which is preferred) or that is an
amino acid sequence that has only one amino acid difference with the sequence of SEQ ID
NO: 461; (ii) a CDR2 sequence that is the sequence of SEQ ID NO: 462 (which is preferred)
or that is an amino acid sequence that has only one or two amino acid differences with the
sequence of SEQ ID NO: 462; and (ii1) a CDR3 sequence that is the sequence of SEQ ID NO:
463 (which is preferred) or that is an amino acid sequence that has only one or two amino acid
differences with the sequence of SEQ ID NO: 463.

More preferably, in a VH domain of the invention against A-beta according to this
aspect: (i) CDR1 is SEQ ID NO: 461; (i1) CDR2 is SEQ 1D NO: 462; and (iii) CDR3 is SEQ
ID NO: 463.

In one specific aspect, a Nanobody of the invention against A-beta is a variant of the
Nanobody of SEQ 1D NO: 460 (with at least 90% sequence identity, such as at least 95%
sequence identity, with SEQ ID NO: 460), in which:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most

preferably V); and
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- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and

- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;

such that either (i) position 112 is K or Q; or (ii) position 110 15 K or Q and position 11 is V;
or (ii1) position 89 is T; or (iv) position 89 is L and position 110 is K or Q; or (v) position 11
is V and position 89 is L; or any suitable combination of (i) to (v). The CDR’s of such an ISV
are preferably as defined in the preceding two paragraphs.

In another preferred aspect, the VH domains of the invention against A-beta comprise
(1) a CDR1 sequence that is the sequence of SEQ ID NO: 479 (which is preferred) or that is an
amino acid sequence that has only one amino acid difference with the sequence of SEQ ID
NO: 479; (i) a CDR2 sequence that is the sequence of SEQ ID NO: 480 (which is preferred)
or that is an amino acid sequence that has only one or two amino acid differences with the
sequence of SEQ 1D NO: 480; and (iii) a CDR3 sequence that is the sequence of SEQ ID NO:
481 (which is preferred) or that is an amino acid sequence that has only one or two amino acid
differences with the sequence of SEQ ID NO: 481,

More preferably, in a VH domain of the invention against A-beta according to this
aspect: (1) CDR1 is SEQ ID NO: 479; (i1) CDR2 is SEQ ID NO: 480; and (iii) CDR3 is SEQ
ID NO: 481.

In one specific aspect, a Nanobody of the invention against A-beta is a variant of the
Nanobody of SEQ 1D NO: 478 (with at least 90% sequence identity, such as at least 95%
sequence identity, with SEQ 1D NO: 478), in which:

- the amino acid residue at position 11 is preferably chosen from L., V or K (and is most
preferably V); and

- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residuc at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and

- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;
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such that either (1) position 112 is K or Q; or (ii) position 110 is K or Q and position 11 is V;
or (il1) position 89 is T; or (iv) position 89 is L and position 110 is K or Q; or (v} position 11
is V and position 89 is L; or any suitable combination of (i) to (v). Again, the CDR’s of such
an ISV are preferably as defined in the preceding two paragraphs.

Some specifically preferred, but non-limiting examples of Nanobodies of the invention
against A-beta are listed in Figure 21A as SEQ ID NO’s: 464 to 477 and in Figure 21B as
SEQ ID NO’s: 482 to 495; and each of these Nanobodies form a further aspect of the
invention.

The invention also relates to a compound of the invention against A-beta that
comprises at least one (such as one, two or three) of the Nanobodies of the invention of SEQ
ID NO’s: 464 to 477 and/or 482 to 495. Such compounds of the invention against A-beta may
again be as further described herein, and thus for example may comprise suitable linkers, may
comprise a C-terminal extension as described herein, and may be half-life extended (for
example because they comprise a Nanobody against human serum albumin, such as
(preferably) a Nanobody of the invention against human serum albumin). Reference is made
to Table BB below.

As described in for example WO 2006/040153 and in particular as described in
EP2542579, one particularly preferred class of Nanobody-based compounds against A-beta
are biparatopic compounds. Thus, in one aspect of the invention, a compound of the invention
against A-beta is a biparatopic construct that comprises one ISV that is either SEQ ID NO:
460 or (preferably) an ISV of the invention that has been derived from SEQ ID NO: 460 (as
described in this Example 17) and one ISV that is either SEQ ID NO: 478 or (preferably) an
ISV of the invention that has been derived from SEQ ID NO: 478 (as described in this
Example 17), provided that at least one (and preferably both) of these ISV’s are ISV’s of the
invention. Such biparatopic constructs may also be half-life extended (i.c. by means of a
serum albumin-binding ISV). Some specific examples of such biparatopic constructs are
given in SEQ ID NO: 730 to 766.

Some specifically preferred examples of compounds of the invention against A-beta
are given in Figure 30 as SEQ ID NO’s: 730 to 766; and each of these compounds form a
further aspect of the invention. Thus, in another aspect, the invention relates to a polypeptide
that is directed against A-beta and that has an amino acid sequence that is chosen from the
group consisting of SEQ ID NO’s: 730 to 766. More generally, compounds of the invention
against A-beta may be as described in WO 2006/040153 and in particular as described in
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EP2542579, but comprising ISV’s of the invention. They may also be used for the purposes
described in WO 2006/040153 and in particular EP2542579.
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Example 19: Testing of anti-A-beta constructs for binding by pre-existing antibodies.

Three half-life extended anti-A-beta constructs (with the general formula [A-beta-1]-
9GS-ALB8-9GS-[4-beta-2]-A) were tested and compared for binding by pre-existing
antibodies, using the general protocol described herein, The two constructs according to the
invention had the indicated mutations of the invention in all three building blocks (i.e. in the
two anti-A-beta Nanobodies and in the serum albumin-binding Nanobody). The reference
construct (SEQ ID NO:766) had no mutations of the invention in any of the building blocks.
All constructs tested has a C-terminal alanine. The results are given in Table CC-1 and Figure

31A

Table CC-1: testing of anti-A-beta constructs for binding by pre-existing antibodies

Nanobodies tested | Ref. no. | Binding Level | Binding Level | Binding Level
on 92 samples in at 125 seconds | at 125 seconds | at 125 seconds

(healthy subjects) | Figure <10 RU <20 RU >20 RU

30A

SEQ ID NO: 766 (1) 0 1 91

(reference)

SEQ ID NO: 733 (2) 11 41 51

(invention: L11V +

V89L)

SEQ ID NO: 749 3) 16 56 36

(invention: L11V +

V8L + T110K)

The anti-A-beta Nanobodies that were present at the C-terminal end of the constructs
were also tested separately as monovalent constructs (with a C-terminal alanine). The results

are given in Table CC-2 and Figure 31A.
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Table CC-2: testing of monovalent anti-A-beta Nanobodies for binding by pre-existing
antibodies

Nanchodies tested Ref. Binding Level | Binding Level | Binding Level at

on 145 samples no. in | at 125 seconds | at 125 seconds 125 seconds

(healthy subjects) Figure <10 RU <20 RU >20 RU
30A

SEQ ID NO: 478 (1) 67 87 58

(reference) (*)

SEQ ID NO:489 (2) 74 103 42

(invention: L11V +

V8IL) (*)

SEQ ID NO: 490 (3) 116 138 7

(invention: L11V +

VEIL + T110K) (*)

(*) all three monovalent Nanobodies tested had a C-terminal alanine added

Example 20: Overview of serum albumin binders of the invention

Tables DD and EE below give some preferred, but non-limiting examples of serum
albumin binding Nanobodies of the invention, based on Alb-8 (Table DD) and Alb-23 (Table
EE), respectively.

As mentioned, the invention also relates to a polypeptide, protein, compound or
construct (and in particular a compound of the invention) that comprises one of the serum
albumin-binding Nanobodies listed in Table DD or EE below. Such a polypeptide, protein,
compound or construct (and in particular a compound of the invention) may further comprise
at least one (such as one, two or three) binding domain or binding unit (such as an ISVD, and
in particular an ISV of the invention) that is directed against at least one therapeutic target.
Such a polypeptide, protein, compound or construct may again suitably be monospecific,
bispecific or trispecific with respect to the therapeutic target(s), and may be bivalent, trivalent,
tetravalent or of higher valency. It will usually also contain suitable linkers, and may
comprise a C-terminal extension as described herein.

In particular, such a polypeptide, protein, compound or construct may be a compound
of the invention (as described herein) and/or may be as further described herein for the
compounds of the invention (including preferred embodiments for compounds of the

invention. Thus compounds comprising ISVD’s and in particular Nanobodies are particularly
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preferred). Accordingly compounds of the invention comprising one of the serum albumin

binding Nanobodies listed in Table DD or EE form further aspects of the invention.
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l. VH domain that is directed against TNF, in which (1) position 112 is K or Q; or
(i1) position 110 is K or Q and position 11 is V; or (iii) position 89 is T; or (iv) position 89 is
L and position 110 is K or Q; or (v) position 11 is V and position 89 is L; or any suitable

combination of (i) to (v).

2. VH domain according to claim 1, in which:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most
preferably V); and

- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and

- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;

such that either (i) position 112 is K or Q; or (ii) position 110 is K or Q and position 11 is V;
or (iii) position 89 is T; or (iv) position 89 is L and position 110 is K or Q; or (v) position 11

is V and position 89 is L; or any suitable combination of (1) to (v).

3. VH domain according to claim 1 or 2 in which the amino acid residue at

position 112 is K or Q.

4. VH domain according to claim 1 or 2 in which the amino acid residue at

position 110 is K or Q and the amino acid residue at position 11 is V.

5. VH domain according to claim 1 or 2 in which the amino acid residue at

position 89 is T.

6. VH domain according to claim 1 or 2 in which the amino acid residue at

position 89 is L and the amino acid residue at position 110 is K or Q.

7. VH domain according to claim 1 or 2 in which the amino acid residue at

position 11 is V and the amino acid residue at position 89 is L



219

8. VH domain according to any of the preceding claims that further contains (i)

an P14 A substitution or an A14P substitution and/or (ii) a Q108L substitution.

9. VH domain according to any of the preceding claims, in which said VH
domain contains a C-terminal extension (X),, in which (i) nis 1 to 10, preferably 1 to 5, such
as 1,2, 3,4 or 5 (and preferably 1 or 2, such as 1); and (ii) each X is an (preferably naturally
occurring) amino acid residue that is independently chosen, and that is preferably
independently chosen from the group consisting of alanine (A), glycine (G), valine (V),

leucine (L) or isoleucine (I).

10.  VH domain according to any of claims 1 to 9, which comprises (i) a CDR1
sequence that is the sequence of SEQ ID NO: 317 or that is an amino acid sequence that has
only one amino acid difference with the sequence of SEQ ID NO: 317; (i1) a CDR2 sequence
that is the sequence of SEQ ID NO: 318 or that is an amino acid sequence that has only one or
two amino acid differences with the sequence of SEQ ID NO: 318; and (iii) a CDR3 sequence
that is the sequence of SEQ ID NO: 319 or that is an amino acid sequence that has only one or
two amino acid differences with the sequence of SEQ ID NO: 319.

(1) CDR1 is SEQ ID NO: 317; (i1)) CDR2 is SEQ ID NO: 318; and (iii) CDR3 is SEQ
ID NO: 319.

11.  VH domain according to claim 10, in which: (i) CDR1 is SEQ ID NO: 317; (i1)
CDR2 is SEQ ID NO: 318; and (iii) CDR3 is SEQ ID NO: 319.

12.  VH domain that is directed against TNF that has a degree of sequence identity
with SEQ ID NO: 316 of at least 90%, in which:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most
preferably V); and

- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and

- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;
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such that either (i) position 112 is K or Q; or (ii) position 110 is K or Q and position 11 is V;
or (iii) position 89 is T; or (iv) position 89 is L and position 110 is K or Q; or (v) position 11

is V and position 89 is L; or any suitable combination of (i) to (v).

13.  VH domain according to any of the preceding claims, which is an

immunoglobulin single variable domain.

14.  VH domain according to any of the preceding claims, which is a VHH domain,

a humanized VHH domain or a camelized VH domain.

15.  VH domain having an amino acid sequence that is chosen from the amino acid

sequences of SEQ ID NO’s: 320 to 333.

16.  VH domain according to any of claims 1 to 9, which comprises (i) a CDR1
sequence that is the sequence of SEQ ID NO: 335 or that is an amino acid sequence that has
only one amino acid difference with the sequence of SEQ ID NO: 335; (i1) a CDR2 sequence
that is the sequence of SEQ ID NO: 336 or that is an amino acid sequence that has only one or
two amino acid differences with the sequence of SEQ ID NO: 336; and (iii) a CDR3 sequence
that is the sequence of SEQ ID NO: 337 or that is an amino acid sequence that has only one or

two amino acid differences with the sequence of SEQ ID NO: 337.

17.  VH domain according to claim 16, in which: (i) CDR1 is SEQ ID NO: 335; (ii)
CDR2 is SEQ ID NO: 336; and (iii) CDR3 is SEQ ID NO: 337.

18.  VH domain that is directed against TNF that has a degree of sequence identity
with SEQ ID NO: 334 of at least 90%, in which:

- the amino acid residue at position 11 is preferably chosen from L, V or K (and is most
preferably V); and

- the amino acid residue at position 14 is preferably suitably chosen from A or P; and

- the amino acid residue at position 41 is preferably suitably chosen from A or P; and

- the amino acid residue at position 89 is preferably suitably chosen from T, V or L; and

- the amino acid residue at position 108 is preferably suitably chosen from Q or L; and

- the amino acid residue at position 110 is preferably suitably chosen from T, K or Q; and
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- the amino acid residue at position 112 is preferably suitably chosen from S, K or Q;

such that either (i) position 112 is K or Q; or (ii) position 110 is K or Q and position 11 is V;
or (iii) position 89 is T; or (iv) position 89 is L and position 110 is K or Q; or (v) position 11

is V and position 89 is L; or any suitable combination of (i) to (v).

19.  VH domain according to any of claims 16 to 18, which is an immunoglobulin

single variable domain.

20. VH domain according to any of claims 16 to 19, which is a VHH domain, a

humanized VHH domain or a camelized VH domain.

21.  VH domain having an amino acid sequence that is chosen from the amino acid

sequences of SEQ ID NO’s: 338 to 351.

22.  Protein, polypeptide or other compound or construct that comprises at least one

VH domain according to any of claims 1 to 21.

23.  Protein, polypeptide or other compound or construct according to claim 22,
that has a half-life (expressed as t1/2 beta) in a human subject of at least 1 day, preferably at
least 3 days, more preferably at least 7 days, such as at least 10 days.

24.  Protein, polypeptide or other compound or construct according to claim 22 or

23 that comprises a serum-albumin binding immunoglobulin single variable domain.

25.  Protein, polypeptide or other compound or construct according to any of claims
22 to 24 that comprises a C-terminal extension (X),, in which (i) nis 1 to 10, preferably 1 to
5,such as 1, 2, 3,4 or 5 (and preferably 1 or 2, such as 1); and (i1) each X is an (preferably
naturally occurring) amino acid residue that is independently chosen, and that is preferably
independently chosen from the group consisting of alanine (A), glycine (G), valine (V),

leucine (L) or isoleucine (I).

26.  Polypeptide having an amino acid sequence that is chosen from the amino acid

sequences of SEQ ID NO’s: 640 to 675.
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217. Composition comprising a VH domain according to any of claims 1 to 21 or a

protein or polypeptide according to any of claims 22 to 26.

28. Composition according to claim 28, which is a pharmaceutical composition.



