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improved amino acid sequences directed against IL-6R and polypeptides comprising the same for

the trestment of [L-6R related diseases and disorders

FIELD OF THE INVENTION

The present invention relates to amino acid sequences that are directed against/and or that
can specifically bind (as defined herein] Interieukin-6 Receptor (IL-6R}, as well as to compounds or
constructs, and in particular proteins and polypeptides, that comprise or essentially consist of one or
more such amino acid sequences (also referred to hergin as “amino acid sequences of the invention”,
“compounds of the invention”, “constructs of the invention” and “polypeptides of the inventior”,
respectively}.

The invention also relates to nucleic acids encoding such amino acld sequences and
polypeptides {alsc referred to herein as “nucleic acids of the invention” or “nucieotide segquences of
the invention™); 10 methads for preparing such amino acid sequences and polypeptides; to host celis
expressing or capable of expressing such amino acid sequences or polypepfides; to compositions, and
in particular to pharmaceutical compositions, that comprise such amino acid seqguences,
polypeptides, nucleic acids and/or host celis; and to uses of such amino acid sequences or
polypeptides, nucleic acids, host cells and/or compositions, in particular for prophylactic, therapeutic
or diagnostic purposes, such as the prophylactic, therapeutic or diagnostic purposes mentioned
herein.

Other aspects, embodiments, advantages and appiications of the invention will become clear

from the further description herein.

BACKGROUND ART

The intaraction of 1L-6, a protein originally identified as a B cell differentiation factor (Hirano et al,,
1985, Proc. Natlh Acad. Sci. USA, 82: 5490-4; EP (257406}, with 11-6R (Yarnasaki et al., 1988, Science,
2472: 825-8: EP 0325474 resuits in the formation of the 1L-6/1L-6R complex. This compiex binds to
gpl30 {Taga et ak, 1989, Cell, 58; 573-81; EP 0411846}, a membrane protein on a 1arget cell, which
transmits varicus physiological actions of iL-6. iL-6 is currently known to be Involved in - amongst
others - the regulation of the immune response, hematopoiesis, the acute phase response, bone
metaholism, angiogenesis, and inflammation. Deregulation of IL-6 production is implicated in the
pathology of several autoimmune and chranic inflammatory proliferative disease processes {Ishihara
and Hirano, 2002, Biochim. Biophys. Acta, 1592: 281-96). As a consequence, inhibitors of IL-6 induced
signaling have attracted much attention in the past (Hirane et al,, 1590, lmmﬁnol. Today, 11: 443-9).
Polypeptides specifically binding to 1L-6 {Klein et al,, 1991, Blood, 78: 1198-204; £P 0312996), IL-6R
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{(EP 0409607} or gpl30 {Saito et al,, 1993, J. Immunol, Methods, 163: 217-223; £P (572118) proved io
exhibit an efficient inhibitory effect on IL-6 functioning.

IL-6 averproduction and signalling {and in particular so-called trans-signalling) are involved in
various diseases and disorders, such as sepsis {Starnes et al,, 1999, 1. Immunol., 148: 1868) and
various forms of cancer such as muitiple myetoma disease (M)}, renal celi carcinema (RCC), plasma
cell leukaemia (Klein et af., 1991}, lymphoma, B-lymphoprolferative disorder (BLPD) and prostate
cancer. Non-limiting exarnples of other diseases caused by axcessive I1L-6 production or signalling
inciude bone reserption {osteoporosis) {Roodman et al., 1992, 1. Bone Miner. Res., 7: 475-8; jilka et
al.,, 1992, Science, 257: 88-91), cachexia [Strassman et al,, 1992, 1. Clin. Invest. 89; 1681-1684},
psoriasis, mesangial profiferative glomerulonephritis, Kaposi's sarcoma, AlDS-related lymphoma
{Emilie et al.,, 1994, Int. 1. Iimmunopharmacol. 16: 391-6}, inflammatory diseases and diserder such as
rhaumatoid arthritis, systemic onset juvenile idiopathic arthritis, hypergammagiobulinemia (Grau et
al., 1990, .. Exp. Med. 172: 1505-8); Crohn's disease, ulcerative colitis, systemic lupus erythematosus
{SLE), multiple sclerosis, Castleman’s disease, lgM gammopathy, cardiac myxoma, asthma {in
particular alfergic asthma) and autoimmune Insulin-dependent diabetes mellitus {Campbelt et al,,
1991, 1. Clin. Invest. 87: 738-742), Other IL-6 related disorders will be clear to the skified person.

As can for exampie be seen from the references above, the prior art describes antibodies and
antibody fragments directed against human IL-6, against human IL-6R and against human gpl30
protein for the prevention and treatment of [L-6 relates disorders. Examples are Tocllizumab {see
Woo et al., 2005, Arthritis Res, Ther, 7: 1281-8; Nishimoto et al,, 2005, Bleod 106 2627-32; ito et al,,
2004, Gastroenterology, 126: 989-86; Choy et al,, 2002, Arthritis Rheum. 46: 3143-50), BES [see
Bataiile et al., 1995, Blood 86: 685-01; Emilie ef al., 1994, Biood 84: 2472-9; Beck et al,, 1994, N. Engl.
J. Med, 330: 602-5; Wendiing et al,, 1993, 1. Rheumatol. 20: 259-62) and CNTO-328 of Centocor (see
Journal of Ciinical Oncology, 2004, 22/34S: 2560; lournal of Clinical Oncolegy, 2004, 22/148: 2608;
Int. ). Cancer, 2004, 111:582-5). Another active principle known in the art for the prevention and
treatment of -6 related disorders is an Fe fusion of soluble gp130 {see Becker et al. 2004, Immunity,
21: 491-501; Doganci et al., 2005, §. Clin. invest. 1215: 313-25; Nowell at ai., 2003, I. immunol. 171:
3202-9; Atreya et al., 2000, Nat. Med. 6: 583-8). Amino acid sequences and Nanobodies directed

against IL-6R and polypeptides comprising the same are descrihed in WO 08/020079,

SUMMARY OF THE INVENTION

A specific, but non-limiting object of the present invention is to provide amino acid sequencas,
polypeptides and therapeutic compounds and compositions that have improved therapautic and/or
pharmacological properties, in addition to other advantageous properties {such as, for example,

improved ease of preparation and/or reduced costs of goods), compared to the prior art emino acid
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sequences, antibodies and Nanobodies. These improved and advantageous properties will hecome
clgar from the further description hergin. Without being limiting, the amino acid sequences,

polypeptides and therapeutic compounds ang compesitions provided by the inventicn may have an
improved binding and/or affinity, improved avidity, improved efficacy and/or potency, an increased

selectivity and/or they may be capable of partially or preferably totally blocking the 1L-6/1L-6R

interaction, and/ar inhibit signalization through IL-6, tL-6R and/or the IL-6/IL-6R compiex.

Generally, it is an object of the invention 1o provide pharmacologically active agents, as well as
compositions comprising the same, that can de used in the diagnosis, prevention and/or treatment of
one or more IL-6R related disorders {as defined herein}; and to provide methods for the diagnosis,
prevention and/or treatment of such diseases and/or disorders that invelve the administration
and/cr use of such agents and compositions.

The present invention relates to amino acid sequences (also referred to as “amine acid
sequence(s) of the invention”) that are directed against/and or that can specifically bind (as defined
herein} Interleukin-6 Receptor {IL-6R)} with improved affinity and/or avidity, and/or that have an
improved efficacy and/or potency, and which are capable of {partially, or preferably totally) blocking
the IL-6/1L-6R interaction and/or inhihit signalization through IL-6, IL-6R and/or the IL-6/IL-6R
complex. More particularly, the present invention provides amino acid sequences that comprise one
or more stretches of amino acid residues chosen from the following:

a) SEQ D NO's: 80-82; or
b} a stretch of amino acid residues that has no more than 2, preferably no more than 1 aming
acid differance with one of SEQ ID NO's: 80-82, provided that the amina acid sequence
comprising said stretch of amino acid residues binds IL-6R with the same, about the same, or
a higher affinity compared to the amino acid sequence comprising said streich of amine acid
residues without the 2 or 1 amino acid difference, said affinity as measured by surface
plasmon resonance;
and/or
c) SEQID NQO's: 84-9%; or
d) a stretch of amino acid residues that has no more than 2, preferably no more than 1 amino
acid difference with one of S£Q ID NO's; 84-91, provided that the amine acid seguence
comprising said stretch of amino acid residues binds IL-6R with the same, about the same, or
a higher affinity compared to the amino acid sequence comprising said streteh of amine acid
residues without the 2 or 1 amino acid difference, said affinity as measured by surface
piasmon resanance;
and/or

2) SEQ 1D NO's: 93-85; or
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f) & stretch of amino acid residues that has no more than 2, preferably no more than 1 aminc
acid difference with one of SEQ ID NO’s: 93-95, provided that the amino acid sequence
comprising said stretch of amino acid residues binds IL-6R with the same, about the same, or
a higher affinity compared to the amino acid sequence comprising said stretch of amino acid
residues without the 2 or 1 amino acid difference, said affinity as measured by surface
plasmon resonance,

For binding t¢ its epitope on IL-6R, an amino acid sequence will usually contain within its
amino acid sectuence ong or more amino ackd residues or one or more stretches of amino acid
residues (as further defined herein; i.e. with each “stretch” comprising two or more aming acid
residues that are adjacent to each other or In close proximity {0 each other, i.e. in the primary ot
tertiary structure of the amino acid sequence] via which the amino acid sequence of the invention
can bind to the epitope on IL-6R. These amino acid residues or stretches of amino acid residues thus
form the “site” for binding to the epitope on IL-6R {also referrad to herein as the "antigen binding
site”: as further defined herein).

The present invention provides a number of stretehes of amino ackl residues (as defined
herein} that are particularly suited for binding to a specific epitope on IL-BR. These stretches of amino
acid residues may be present in, and/or may be incorporated into, an amino acid sequence of the
invention, in particular in such a way that they form {part of) the antigen binding site of the amino
acid sequence of the invention. As such, the resulting aming acid sequences, bind a specific epitope
on IL-6R that lies In, forms part of, or overlaps with {i.e. in the primary cr tertiary structure) of is in
close proximity to {i.e. in the primary or tertiary structure) the IL-8 binding site on 1L-6R {Tor example,
campetitively with IL-6); and as such, the resulting amino acid sequences are capable of partially or
preferably totaliy blocking the IL-6/1L-6R interaction and/or inhibit signalization through IL-6, IL-6R
and/or the IL-6/1L-6R complex. In this cantext, the amino acid seguences and polypeptides of the
invention are preferably such that they can compete with IL-6 for binding 1o the {L-6 receptor. The
amino acid sequences and polypeptides of the invention are preferably such that they can compete
for binding to the IL-6 receptor with the commercially available human-mouse reconstituted chimeric
monocional anti-IL-6R antibody Tocilizumab [MRA) (Chugai/Roche} or an antigen binding fragment
thereof (see for example WO 92/19759 and corresponding Curopean patent EP 0628639, as well as
Shinkura et al., 1998, Anticancer Research 18, 1217-1222), for exampie in the assay described in
Example 11; and/or such that they can bind to the same epitope or hinding site on IL-6R as
Tocilizumab, or to an epitope clase to said binding site and/or overlapping with said binding site,

Also, the amino acid sequences of the invention are preferably such that they can compete
for binding to the -6 receptor with the reference 1gG as defined by SEQ D NO's: 1 and 2 and/or the
reference Fab as defined by SEQ [D NO's: 3 and 4 {see Example 1); and/or such that they can bind to
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the same epitope or binding site on IL-6R as said reference IgG or said reference Fab, or o an epitope

close to said binding site and/ar overlapping with said binding site. For the preparation and seguence

of said reference 1gG and reference Fab, reference is made to Example 1 below, as well as to SEG 1D

NO's: 110 4.

It should be noted that the invention in its broadest sense is not limited to a specific
structural role or function that these stretches of amino acid residues may have in the amino acid
seguence of the invention, as long as these stretches of amino acid residues aliow the amino acid
sequence of the invention to bind to the specific epitope on IL-6R with a certain affinity and/or
potency (as further defined herein). Thus, generally, the invention in its broadest sense comprises
any amino acid sequence that is capable of binding to the specific epitope on IL-6R and that
comprises one or more stretches of amino acid residues as described herein {and in particular a
suitable combination of twa or more such stretches of amino acid residues) that are suitably linked to
each other viz one or more further amino acid sequences, such that the entire amino acid sequence
forms a binding domain and/or binding unit that is capable of binding to the specific epitope on IL-6R.
1t should however also be noted that the presence of only one such stretches of amino acid residues
in an amino acid sequence of the invention may by itself atready be sufficient to provide an amino
acid sequence of the inventian that is capabie of binding to the specific epitope on IL-6R {reference is
for example again made 1o the so-called “Expedite fragments” described in WO 03/050531},

Amino acid sequences comprising one or more of these specific stretches of amino acid
vesidues show improved properties such as e.g. improved binding and/or affinity, inproved avidity,
improved efficacy and potency, and/or an increased selectivity, in addition to their capacity to
partially or totally biock the IL-6/IL-6R interaction, and/or inhibit signalization through IL-6, IL-6R
and/or the iL-6/iL-6R complex.

Maore in particular, the amino acid sequences of the‘invemion comptising one or more of these
specific stretches of amino acid residues can bing to IL-6R with an affinity {suitably measured and/or
expressed as a Kp-value {actual or apparent), a Ks.-value (actual or apparent), a ky-rate and/or a kye
rate, or alternatively as an ICq vatue, as further describad herein) preferably such that they:

- bind to hiL-6R with a dissociation constant (Kg) of 2 nM to 1 pM or less, preferably 500 pM to 1
phi or less, more preferably 100 pM to 1 plV or less, or even more prefarably about 50 pM to 1
ph or less;

and/or such that they:

- hind to cyno IL-BR with a dissociation constant (Kp) of 1 nM to 1 pM or less, preferably 500 pM
to 1 pM or less, more preferably 100 pM to 1 pM or less, or even more preferably about 50 pM
to 1 pM or less;

and/or such that they:
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- bind to hIL-6R with a ko,-rate of between 10° Ms™ to about 107 M™s™, preferably batween 10°
M and 107 M, more preferably about 10° M™'s™ or more;

and/or such that they:

- bind to cyno 1L-6R with a ke-rate of between 10° M™s™ to about 107 M7is™, oreferably between
10° M5 and 107 M's™, more preferably about 10° M™s™ or more;

and/or such that they:

- bind to hiL-BR with a k% rate between 107%s™ {t12=0.69 5} and 10° 5 {providing a near
irreversible complex with a ty, of multiple days), preferably between 107 s™ and 107 5™, more
praferably between 107° 5™ and 10°® 5™, such as about 10° s or lower;

and/or such that they:

- bind to cyno IL-6R with a ke rate between 10° 5% {t,,=0.6¢ s) and 10 5™ (providing 2 near
irreversible complex with a ty;, of multiple days), preferably between 107 s™ and 10° 57, more
preferably between 10° s* and 10°® &%, such as about 10 5™ or fower,

Some preferred 1C50 values for binding of the amino acid segiiences of the invention to HL-6R
will become clear from the further description and examples herein.

For example, in the TE-1 assay as described by Kitamura et al. {1989, J. Cell Physicl., 140: 323),
the amino acid sequences of the invention may have IC50 values (at 100 1U/mL IL-6} between 10 nM
and 58 pM, preferably between 5 nM and 50 pM, more preferably between 1 nVi and 50 pM or iess,
such as about 750 or 500 pM or less. In this TF-1 assay the amino acid sequences of the invention
may have IC50 values (at 5000 1U/mi iL-6} between 50 nM and 1 nM, preferably between 25 nM and
1 n#4, more preferably between 10 nM and 1 ni or less, such as about B aM or Jess, In this TF-1
assay, the amino acid sequences of the invention may have [C50 values that are at least the same and
preferably better, at least two times, prefarably three times, more preferably four times, even more
preferably 5 times, 7 times or more than 7 times better compared to the IC50 value obtained for the
reference lgG as defined by SEQ ID NO's: 1 and 2 or the reference Fab as defined by SEQ D NO’s: 3
and 4 {see Example 1}. In this TF-1 assay, the amino acid sequences of the invention may have iC50
valiues that are at least the same and preferably better, at least two times, preferably three times,
more preferably four times, even more preferably 5 fimes, 7 times or more than 7 times better
compared to the IC50 value obtained for Tocilzumab {(MRA).

In a plasma potency assay at EC50 vaiues of IL-6 (e.g. in the prasence of 27.29 ng/mL IL-6 as
described in Example 45), the amino acid sequences of the invention may have 1C50 values between
500 pi and 50 pM, preferably between 250 pM and 50 pM, more preferably between 200 pM and
50 pM or less, such as 130 pivi or Jess. In a plasma potency assay at EC95 values of IL-6 (2.g. in the
presence of 885 ng/ml #-5 as described in Example 45) the amino acid sequences of the invention

may have IC30 values between 1000 ph4 and 100 pi, preferably between 750 pM and 100 pM, more
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preferably hetween 500 pM and 100 pM or less, such as 400 pM or less, in this plasma potency assay,
the amino acid sequences of the invention may have IC50 vaiues that are at least the same and
preferahly better, at least two times, preferabiy three times, more preferably four times, even more
preferably 5 times, 7 times or more than 7 times better compared to the 150 value obtained for the
reference IgG as defined by SEQ 1D NO’.S: 1 and 2 or the reference Fab as defined by SEQ iD NO's: 3
and 4 (see Example 1). In this plasma potency assay, the amino acid seguences of the invention may
have 1C50 values that are at feast the same and preferably better, at least two times, preferably three
times, more preferably four times, even more preferably 5 times, 7 times ar more than 7 times hetter
compared to the IC50 vatue obtained for Tocilizumab (MRA).
in an assay for defining binding to membrane IL-6R on CHO cells, the amino acid sequences of
the invention may have IC50 values between 10 nM and 100 pM, preferably between 5 nM and 100
pM, more preferably between 2 nM and 10 p or less, such as 2 nM or less,
in a preferred aspect, the amino acid sequences of the invention may comprises two or mare
stretches of amino acid residues chosen from the foliowing:
a} SEQ ID NO's: 80-82; or
b) a stretch of aminc acid residues that has no more than 2, preferably no more than 1 amino
acid difference with one of SEQ 1D NO's: 80-82, provided that the amino acid sequence
compristng said stretch of amino acid residues binds IL-6R with the same, ahout the same, or
a higher affinity compared to the amino acid sequence comprising said stretch of amino acid
residues without the 2 or 1 amino acid difference, said affinity as measured by surface
plasmon resonance;
and/for
¢} SEQ D NO's: 84-81; or
d) a stretch of amirno acid residues that has no more than 2, preferably no maore than 1 amino
acid difference with one of SEQ D NO's: B4-91, provided that the amino acid sequence
comprising said stretch of amine acid residues binds IL-8R with the same, about the same, or
a higher affinity compared to the amino acid sequence comprising said stretch of amino acid
residues without the 2 or 1 aming acid difference, said affinity as measured by surface
plasmon resonance;
and/or
e) SEQ ID NO's: 93-95; ar
f) astretch of amino acid residues that has no more than 2, preferably no more than 1 amino
acid difference with one of SEQ 1D NO's: 93-95, provided that the amino acid sequence
comprising said stretch of amino acld residues binds IL-6R with the same, about the same, or

a higher affinity compared to the amino acid sequence comprising said stretch of amino acid
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residues without the 2 or 1 amino acid difference, said affinity as measured by surface

plasmon resonance.
suich that {i) when the first stretch of amino acid residues corresponds to one of the amino acid
sequences according to 8), or b, the second stretch of amine acid residues corresponds to ona
of the amino acid sequences accarding tao ¢), d}, e} or f}; {ii} when the first stretch of amino acid
residues corresponds to one of the amino acid sequences according to ¢) or d), the second
stretch of amino acid residues corresponds to one of the amino acid sequences according 1o a),
b}, &) or f}; or {iii} whan the first stretch of amino acld residues corresponds to one of the amina
acid sequences according to e) or f}, the second siretch of aminc acid residues corresponds to
one of the amino acid sequences according to a), i), ) or d).

Even move preferably, the amino acid sequences of the invention comgrise three or more

stretches of amino acid residues, in which the first stretch of amino acid residues is chosen from the

group consisting of:

a) SEQ 1D NO's: 80-82; or

b) a stretch of amino acid residues that has no more than 2, preferably no more than 1 aminc
acid difference with one of SEQ 1D NO’s: 80-82, provided that the amino acid sequence
comprising said stretch of amino acid residues binds IL-6R with the same, about the same, or
a higher affinity compared ta the amine acld sequence comprising said stretch of amino acid
residues without the 2 or 1 amino acid différence, said affinity as measured by surface
plasmon resonance;

the second 5fretch of aming acid residues is chasen from the group consisting of:

c) SEQID NO's: 84-9%; or

d) & streteh of amine acid residues that has no more than 2, preferably no more than 1 amino
acid difference with one of SEQ ID MNO's: 84-91, provided that the aminc acid sequence
comprising said stretch of amino acid residues binds IE-6R with the same, about the same, or
a higher affinity compared to the amino acid sequence comprising said stretch of amino acid
residuss without the 2 or 1 amine acid difference, said affinity as measured by surface
plasmon resonance;

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

e) SEQ ID NO’s: 93-95; or

f} & stretch of amino acid residues that has no mare than 2, greferabiy ne more than 1 amino
acid difference with one of SEQ D NO's: 93-85, provided that the amino acid seguence
comprising said stretch of amine acld residues binds IL-6R with the same, about the same, or

2 higher affinity compared to the amino acid sequence comprising said stretch of amino acid
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residues without the 2 or 1 amino acid difference, said affinity as measured by surface

plasmon resonance.

1t shouid be noted that the invention is not limited as to the origin of the amino acid sequence
of the invention {or of the nucleotide sequence of the invention used to express it), nor as to the way
that the aming acid sequence or nuclestide sequence of the invention is (or has been} generated or
obtained. Thus, the amino acid sequences of the invention may be naturally occurring amine acid
seguences (from any suitable species) or synthetic or semi-synthetic amino acid sequences.

in one specific, but non-fimifing aspect, the amino acid sequence of the inveniion may be an
amino acid sequence that comprises an immunogiobufin fold or an amino acid sequence that, under
suitable conditions {such as physiciogical conditions) is capable of forming an immunogiobulin fold
{i.e. by folding). Reference Is inter alia made to the review by Halaby et al. {1999, J. Protein Eng. 12:
563-71). Preferably, when properly folded so a5 to form an immunoglobuiin fold, the stretches of
aming acid residues may be capable of properly forming the antigen binding site for binding the
specific epitope on IL-6R; and more preferahly capable of binding to thelr epitope on IL-6R with an
affinity (suitably measured and/or expressed as a Kp-value (actual or apparent), a Kx-value {actual or
apparent), a k,,-tate and/or a kg-rate, or alternatively as an 1Csp value, as further described herein)
that is as defined harein,

In another specific, but non-limiting aspect, the amino acid sequences of the invention are
immunoglobulin seguences. In particular, but without fimitation, the amino acid sequences of the
invention may be amino acid sequences that essentially consist of 4 framework regions {FR1 to FR4
respectively) and 3 complementarity determining regions {COR1 to CDR3 respectively); or any
suitable fragment of such an amino acid sequence that still binds the specific epitope on iL-BR.

In such an amino acid secuence of the invention, the framework secuences may be any
suitable framework sequences, and examples of suitable framework sequences will be clear to the
skilied person, for example on the basis the standard nandbooks and the further disclosure and prior
art mentioned herein. '

The framework sequences are preferably (a suitable combination of} immunoglobulin
framework seqguences o7 framework sequences that have been derived from immunoglobuiin
framework seguences (for exampie, by sequence optimization such as humanization or
camelization). For example, the framework sequences may be framework sequences derived from a
light chatn variable domain {e.g. a V;-sequence) and/or from a heavy chain variable domain {e.g. a V-
sequence). When the amino acid sequence of the invention is @ heavy chain variable domain
sequence, it may be a heavy chain variable domain sequence that is derived from a conventional
four-chain antibody {such as, without limitation, a Vy; sequence that is derived from a human

antibody) or be & so-called Viye-sequence {as defined herein} that is derived from a so-called “heavy
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chain antibody” {as defined herein). In one particularly preferred aspect, the framewerk sequences
are either frameawork sequences that have been derived from a Vy-sequence (in which said
framework sequences may optionally have been partially or fully humanized) or are conventional Vy
sequences that have been camelized {as defined herein).

For a general description of heavy chain antibodies and the variable domains thereof,
reference is inter alia made to the prior art cited herein, as well as to the prior art mentioned on page
55 of WO 08/020079 and to the list of references mentioned on pages 41-43 of the international
application WO 06/040153, which prior art and references are incorporated herein by reference.

The amino acid sequence of the invention may in particular be 2 domain antibody {or an amino
acid seguence that is suitable for use as a domain antibody), a single domain antibody {or an amino
acid sequence that is suitable for use as a single domain antibody), a "dAb” {or an amino acid
sequence that is suitable for use as a dAb) or a Nanokody {as defined herein, and including but not
limited 0 a V,y sequence); other single variable domains, or any suitable fragment of any one
thereof.

In particular, the amino acid sequence of the invention may be a Nanobody® (as defined
herein) or a suitable fragment thereof, [Note: Nanobody®, Nanobodies® and Nanoclone® are
registered trademarks of Abfyrix N.V.J Such Nanobodies directed against IL-6R will aiso be referred to
herein as "Nanobodies of the Invention”.

in general, a Nancbady can be defined as an amino acid sequence with the [general) structure

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

in which FR1 to FR4 refer to framework regions 1 to 4, respectively, and in which CDR1 to CDR3
refer to the complementarity determining regions 1 to 3, respectively, and in which one or more
of the Hallmark residues are as defined in WO 08/020075 (Tahbles A-3 to A-8).

Generally, Nanobodies {in particuiar V., sequences and partially humanized Nanobodies) can
in partlcular be characterized by the presence of one or mare “Helfmark residues” in one or more of
the framework sequences (as e.g. further described in WO 08/020079, page 61, line 24 to page 8§,
fine 3).

In this respect, the amino acid sequences of the invention may essentially consist of 4
framework regions {FR1 to FR4, respectively) and 3 complementarity determining regions (CDR1 to
CDR3, respectively), in which:

- DRI is chosen from the group consisting of:

&) SEQID NO's: 80-82; or
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b} a siretch of amino acid residuas that has no more than 2, preferably no more than 1 amine
acld difference with one of SEQ 1D NO's: 80-82, provided that the amine acid sequence
comprising said stretch of amino acid residues binds {L-6R with the same, about the same, or
a higher affinity compared to the amino acigd sequence comprising sald stretch of amino acid
residues without the 2 or 1 aminoc acid difference, said affinity as measured by surface
plasmon resonance;

and/or

- CDR2 is chasen from the group consisting of:

¢} SEQ D NO's: 84-91; or

d) & stretch of amino acid residues that has no more than 2, preferably no more than 1 amine
acid difference with one of SEQ ID NO's: 84-91, provided that the amino acid sequence
comprising said streteh of amino acid residues binds IL-68 with the same, about the same, of
a higher affinity compared to the amino acid sequence comprising said stretch of amino acid
residues without the 2 or 1 amino acid difference, said affinity as measured by surface
plasmon resonance;

and/for

- CDR3 is chosen from the group consisting of

e) SEQ ID NO’s: 93-95; ar

f} a stretch of amino acid residues that has no more than 2, preferably no more than i aminc
acid difference with one of SEQ ID NQ's: 93-05, provided that the amine acid sequence
comprising said stretch of amino acid residues binds IL-6R with the same, about the same, or
a higher affinity compared to the amino acid sequence comprising said stretch of amino acid
residuss without the 2 or 1 amino acid difference, said affinity as measured by surface
plasmon resonance.

These preferred complemeniarity determining regions (CDR1 to CDR3, respectively) are also
referred to as “CDR(s) of the invention”.

Preferably, the amino acid sequences of the invention essentially consist of 4 framework
regions (FR1 to FR4, respectively} and 3 complementarity determining regions (CDR1 to CDR3,
respectively}, in which:

- CDR1 is chosen from the group consisting of:

a) SEQID NO's: 80-82; or

b} a stretch of amino acid residues that has no more than 2, preferably no more than 1 amino
acid difference with one of SEQ 1D NO’s: 80-82, provided that the amino acid sequence
comprising said stretch of amino acid residues binds IL-6R with the same, about the same, or

a higher affinity compared to the amine acid sequence comprising said stretch of amino acid
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residues without the 2 or 1 amino acid difference, said affinity as measurad by surface
plasmon resonance;
and
- CDR2 is chosen from the group consisting of:
c} SEQID NO's: 84-81: or
d) a stretch of amino acid residues that has no more than 2, preferably no more than 1 amino
acid difference with one of SEQ ID NO’s: 84-91, provided that the amino acid sequence
comprising said stretch of amino acld residues binds IL-6R with the same, about the same, or
a higher affinity cornpared te the amino acid sequence comprising said stretch of amino acid
residues without the 2 or 1 amino acid difference, said affinity as measured by surface
plasmon resonance;
and
- CDR3is chosen from the group consisting of:
g} SEQ 1D NO's: 93-95; or
1 astretch of amino acid residues that has no more than 2, preferably no more than 1 amino
acid difference with one of SEQ 1D NO's: 83-85, provided that the amino acid sequence
comprising said stretch of amino acid residues binds IL-6R with the same, about the same, or
a higher affinity compared to the amino acid sequence comprising said stretch of amino acid
residues without the 2 or £ amine acid difference, said affinity as measured by surface
plasmon reschance.

Such Nanobodies may be derived in any suitable manner and from any suitable source, and
may for example be naturally occurring Vi, sequences {i.e. from a suitable species of Camelid} or
synthetic or semi-synthetic amino acid sequences.

In & specific aspect, the amino acid sequences or Nanoboedy of the invention comprises at least
SEQ D NO: 80; or a stretch of amino acid residues that has ne more than 2, preferably no more than
1 amino acid difference with SEQ ID NO: 80, provided that the amine acid sequence or Nanobody
comprising said stretch of amino acid residues binds IL-6R with the same, about the same, ar a higher
affinity compared to the amino acid sequence or Nanobody comprising said stretch of amino acid
residues without the 2 ar 1 amino acid difference, said affinity as measured by surface plasmon
resonance.

In another specific aspect, the amino acid sequence or Nancbody of the inventicn comprises at
least a streteh of amino acid residues chosen from SEQ D NO's: 84, 89 or 91; ar a streteh of amino
acid residues that has no more than 2, preferably no more than 1 amine acid difference with one of
SEQ D NO's: 84, 89 or 91, provided that the aming acid sequence or Nanobody comprising said

stretch of amine acid residues binds IL-6R with the same, about the same, or a highear affinity
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compared to the amino acid sequence or Nanebody comprising said stretch of amino acid residues
without the 2 or 1 amino acid difference, said affinity as measured by surface plasmon resonance,

In yet another specific aspect, the amino acid sequence or Nanobody of the inventicn
comprises at least SEQ 1D NO: 84; or a stretch of amino acid residues that has no more than 2,
preferably no more than 1 amino acid difference with SEQ 1D NO: 84, provided that the amino acid
sequence or Nanobody comprising said stretch of amino acid residues binds IL-6R with the same,
about the same, or a higher affinity compared to the amino acid sequence or Nanobody comprising
said stretch of amino acid residues without the 2 ar 1 amino acid difference, said affinity as messured
by surface plasmon resonance.

In vet another specific aspect, the amino acid sequence or Nanobody of the invention
comprises at least a stretch of amino acid residues chosen from SEQ ID NO's: $3-94; or a stretch of
amino acld residues that has no more than 2, preferably no more than 1 amino acid difference with
one of SEQ 1D NO's: 93-54, provided that the amino acid seguence or Nanobody comprising said
stretch of amino acid residues binds {L-6R with tha same, about the same, or a higher affinity
compared to the amino acid sequence or Nanchody comprising said stretch of amino acid residues
without the 2 or 1 amino acid difference, sald affinity as measured by surface plasmon resonance,

In yet another specific aspect, the amino acid sequence or Nanobody of the invention
comuyrises at least SEQ 1D NO: 83; ar a stretch of amino acid residues that has no more than 2,
preferably no more than 1 amino acid difference with SEQ ID NQ: 93, provided that the amino acid
sequence or Nanohody comprising said stretch of amino acid residues binds IL-6R with the same,
abaut the same, or 2 higher affinity compared to the amino acid sequernce or Nanohody comprising
said stretch of amino acid residues without the 2 or 1 amino acid difference, said affinity as measured
by surface plasmon resonance.

In yet another specific aspect, the amine acid sequence or Nanobody of the invention
comprises at least SEQ 1D NO; 80 and SEQ 1D NO: 84.

in yet another specific aspect, the amino acid seguence or Nancbody of the invention
comprises at least SEQ ID NO: 80 and SEQ D NO: 83.

In yet another specific aspect, the amine acid sequence or Nanobody of the invention
comprises at least SEQ 1D NO: 84 and S5EQ D NO: 53.

in yet anather specific aspect, the amino acid sequence or Nanobody of the invention
comprises at least SEQ 1D NO: 80, SEQ {D NQ: 84 and SEQ 1D NO; 93,

Other preferred combinations of COR1, COR2, and CDR3 sequences are also shown in Table A-

Preferred amino acid seguences of the invention may be selected from the group consisting of

SEQ ID NO's: 60-69; a sequence that has no mare than 2, preferably no more than 1 aminoe acid
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difference in one, two or all of its CDRs with one of SEQ 1D NO's: 60-69, provided that the amino acid
sequence with no more than 2, preferably no more than 1 amino acid difference in one, two or all of
its CDRs binds IL-6R with the same, about the same, or 2 higher affinity compazred to the binding by
the one of SEQ D NO's: 60-69, said affinity as measured by surface plasmon resonance; and 2
segquence that has no more than 2, preferably no more than 1 amino acid difference with one of SEQ
1D NO's: 60-69, provided that the amino acid seguence with no more than 2, preferably no more than
1 amino acig difference with one of SEQ 1D NO's: 60-69 binds IL-8R with the same, about the same, or
a higher affinity compared to the binding by the one of $£Q 1D NO's: 60-63, said affinity as measured
by surface plasman resonance.

Such amino acid sequences of the invention should preferably be capable of specificaliy
hinding to the specific epitope on [L-6R, and even more preferably capeble of binding ta the specific
apitope on IL-BR with an affinity {suitably measured and/or expressed as 2 Kp-value {actual or
apparent), a Ka-value {actual ar apparent), a ko-rate and/or a kgrase, or alternatively as an {Cq
value, as further described herein) that is as defined herein. Such amino acid sequences of the
invention should preferably alsc have a cell based poiency and a ptasma potency as defined herain.

The amino acid sequences and Nanobodies provided by the invention are preferably in
essentially isoiated form (as defined herein), or form part of a protein or polypeptide of the invention
{also referred 10 as “polypeptide of the invention” or “protein of the invention”), which may
comprise or essentially consist of ene or more amino acid sequences ar Nanobodies of the invention
and which may optionatly further comprise one or more further amino acid sequences er Nanobodies
{all optionally inked via one or more suitable finkers}).

Accordingly, in another aspect, the invention relates to a compound or construct, and in
particular a protein or polypeptice {alse referred to herein as a “compound of the invention” or
“polypeptide of the invention”, respectively) that comprises or essentially consists of one or more
amino acid sequences or Nanobodies of the invention (or sultable fragments thereof], and optionally
further comprises one or more other groups, residues, moieties or binding units. As will become clear
to the skilled person from the further disciosure herein, such further groups, residues, moieties,
binding units or amino acid seguences may or may not provide further functionzality to the amino
atid sequence of the invention {and/or to the compound, construct or polypeptide in which it is
present) and may or may not mod#y the properties of the amino acid sequence or Nanobody of the
invention,

For example, such further groups, residues, moieties or binding unifs may be one or more
additional amino acid sequences, such that the compound, construct or pelypeptide is a {fusion}
protein or {fusion} polypeptide. in 3 preferred but non-limiting aspect, said one or more other

groups, residues, moieties or binding units are immunoglobulin sequences. Even more preferably,
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said one or more other groups, residues, moieties or binding units are chosen from the group
censisting of domain antibodies, amino acid sequences that are suitable for use as a domain
antibody, single domain antibodies, amino acid sequences that are suitable for use as a singie domain
antibody, “"dAb™’s, amino acid sequences that are suitable for use as a dAb, or Nanobodies.

Alternatively, such groups, residues, moieties or binding units may for example he chemical
groups, residues, maieties, which may or may not by themselves be biclogicaily and/or
pharmacologicaily active. For example, and without limitation, such groups may be linked to the one
or more amino acid sequences or Nanobodies of the inventicn so as to provide a “derivative” of an
amino acid sequence or polypeptide of the invention, as further described herein.

Alsp within the scope of the present invention are compounds, constructs or polypeptides,
that comprise or essentially consist of one or more derivates as described herein, and optionaliy
further comprise one or more other groups, residues, moieties or binding units, optionally linked via
ohe or more linkers. Preferably, said ane or mora other groups, residues, moigties or binding units
are amino acid sequences.

In the compounds, constructs or polypeptides described above, the one or more amino acid
seguences of Nanobodies of the invention and the one or more groups, residues, maieties or binding
units may be linked direcily to each other and/or via one or more suitable linkers or spacers. For
example, when the one or more grougps, residues, moisties or binding units are amino acid
seguences, the linkers may also be amino acid sequences, so that the resulting compound, construct
or polypeptide is a fusion (protein) or fusicn (polypeptide}.

The process of designing/selecting and/or preparing a compound or polypeptide of the
invention, starting from an aming acid sequence or Nanobody of the invention, is also referred to
herein as “formatting” said amino acid seguence or Nanabody of the invention; and an amino acid
sequence or Nanobody of the invention that is macde part of a compound or polypeptide of the
invention is said to be “formatted” or to be “in the format of ' said compound or polypaptide of the
invention. Examples of ways in which an amino acid sequence or Nanobody of the invention can be
formatted and examples of such formats will be ciear to the skilled person based on the disclosure
herein; and such formatted amino acid sequences or Nanobodies ferm & further aspect of the
invention.

For example, and without Emitation, the one or maore aminoe acid sequences or Nanohodies
of the invention may be used a5 a binding unit in such a protein or polypeptide, which may optionally
contain oﬁe or more further amino acid sequences that can serve as a binding unit {i.e. against
another epitope on IL-6R and/or against one or more other antigens, proteins or targets than 1L-6R),
6 as to provide a monovalent, multivalent, muitiparatopic or multispecific polypeptide of the

invention, respactively, ali as described herein, The present invention thus also relatesto a
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compound, construct or polypeptide which is a manovalent construct comprising or essentiatly
consisting of an amino acld sequence or Nanobody of the invention. The present invention thus also
relates to a compound, construct or polypeptide which is 2 multivalent construct, such ase.g. 2
bivaient or trivalent construct. The present invention also relates to a compound, Construct or
polypeptide which is a multispecific canstruct, such as e.g. a bispecific or trispecific construct. The
present invention also relates to 2 compound, construct or polypeptide which is a muitiparatopic
construct, such as e.g, & bisparatapic or triparatopic construct.

in one specific aspect of the invention, a compound of the invention or & polypeptide of the
invention may have an increased half-life, compared to the corresponding amino acid sequence or
Nancbhody of the invention. Some preferred, but non-limniting examples of such compounds and
polypeptides will become clear to the skilled person based on the further disclosure herein, and for
example comprise aming acid sequences, Nanobodies or palypeptides of the invention that have
bean chemically modified to increase the half-life thereof [for examgpte, by means of pegylation);
amino acid sequences or Nanobodies of the invention that comprise at least one additional binding
site for binding to a serum protein {such as serum albumin); or polypeptides of the invention that
comprise at least one amino acid sequence or Nanobody of the invention that is linked to at least one
moiety {and in particular at least one amino acid sequence) that increases the half-life of the amino
acid sequence or Nanobody of the invention, Examples of polypeptides, amino acid sequences or
Nanobodies of the invention thai comprise such half-iife extending moieties will become claar ta the
skilled person basad on the further disclosure herein; and for example include, without Himitation,
potypeptides in which the one or more amino acid sequeances or Nanohodies of the invention are
suitable [inked to one or mare serum proieins or fragments thereof {such as (human) serum albumin
or suitable fragments thareof) ar to one or more binding units that can bind to serum proteins {such
as, for example, domain antibodies, amino acid sequences that are suitabie for use as a2 domain
antibody, single domain antibodies, amino acid sequences that are suitable for use as a single domain
antibody, "dAb”’s, amino acid sequences that are suitable for use as a dAb, or Nanobeodies can bind
1o serum proteins such as serum albumin (such as human serum albumin), serum immunoglebulins
such as IgG, or transferrine; reference is made to the further description and referencas mentioned
herein); polypeptides in which apn amino acid sequence or Nanobody of the inventian is finked to an
Fe portion (stich as a human £¢) or a suitable part or fragment thereof; or polypeptides in which the
one or more amino acid sequences or Nanobodies of the invention are suitable linked to one or more
small proteins or peptides that can hind te serum proteins {such as, without limitation, the proteins
and peptides described in WO 91/01743, WO 01/45746, WO 02 /076489),

Generally, the compounds or polypeptides of the invention with increased half-life preferably

have a half-life that is at least 1.5 times, preferably at least 2 times, such as at least & times, for
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example at least 10 times or more than 20 times, greater than the half-iife of the corresponding
amino acid sequence or Nanobody of the invention per se.

In a prefaired, but non-limiting aspect, such compounds or polypeptides of the invention
have a serum half-life that is increased with more than 1 hour, preferably more than 2 hours, more
preferably more than 6 hours, such as more than 12 hours, or even more than 24, 48 or 72 hours,
compared to the corresponding amino acid sequence or Nanobody of the invention per se.

In anather preferred, but non-timiting aspect, such compounds or polypeptides of the
invention exhibit a serum haif-life in human of at least about 12 hours, preferably at least 24 hours,
more preferably at Jeast 48 hours, even more preferably at ieast 72 hours or more. For example,
compounds or polypeptides of the invention may have a half-life of at least 5 days {such as about 5t0
10 days), preferably at least 9 days (such as about 9 to 14 days), more preferabiy at least sbout 10
days {such as ahout 10 to 15 days), or at ieast about 11 days (such as sbout 11 to 16 days), more
preferably at least about 12 days (such as about 12 to 18 days or more), or more than 14 days (such
as about 14 to 19 days).

Such a protein, polypeptide, compound or construct may also be in essentially isolated form
{as defined herein).

Some preferred compounds, constructs or polypeptides of the invention include the following
polypeptide sequences:

a) SEQ 1D NO's: 70-72;

b} a polypeptide seguence that has no more than 2, preferably no more than 1 amino acid
difference in one, two or all of iis CDRs of the invention with ane of SEQ ID NO's: 70-72,
provided that the polypeptide sequence with no more than 2, preferably no more than 1
amino acid difference in one, two or all of its CDRs of the invention binds {L-6R with the
same, about the same, or a higher affinity compared to the binding by the one 0fSEQ D
NCG's: 70-72, said affinity as measured by surface plasmaon resonance;

¢} a polypeptide sequence that has no more than 2, preferably no more than 1 amino agid
difference with obe of SEQ 1D NQ's: 70-72, provided that the polypeptide sequehce with no
more than 2, preferably no more than 1 amino acid difference with one of SEQ ID NO's; 70-
72 binds IL-8R with the same, about the same, or a higher affinity compared to the binding by
the one of SEQLID NO's: 70-72, said affinity as measured by surface plasmon resonance.

Polypeptides with these sequences show advantageous properties for use as
pharmacologicaily active agents such as e.g. good binding characteristics {(high affinity and/or
avidity), high efficacy and/or potency, in addition to their capacity to [partiaily or totally) block the IL-
&/1L-BR interaction and/or inhibit signalization through, IL-6, IL-6R and/or the {L-6/IL-6R complex.
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More in particulzr, these polypeptides and compounds of the invention can bind to 1L-6R with
an affinity {suitably measured and/or expressad as a Kp-value {actual or apparent), a K.-value {actual
or apparent), a ky,-rate and/or a kyprate, or alternafively as an 1C;; value, as further described
herein) preferably such that they:

- bind to hiL-BR with & dissociation constant (Ko} of 2 nM to 1 pM moles/litre or less, preferably
SO0 pi to 1 o moles/litre or less, more preferably 100 oM to 1 pM males/iitre or less, or
even more preferably about 50 pv to 1 pM or less;

and/or such that they:

- bind to cyno IL-6R with a dissociation constant {Kp) of 1 nM to 1 pM moles/litre or less,
preferably 500 pM to 1 pM moles/litre or less, more preferably 100 pM to 1 pM moles/litre ar
less, or even more preferably about 50 pM to 1 pM or less;

apd/or such that they:

. bind to hiL-6R with a K.,-rate of between 10° M™s™ to about 10" M5, preferably between 10°
M5t and 107 M5, more preferably about 10° M7s7 or more;

and/or such that they:
bind to cyno IL-6R with a lye-rate of batween 10" M7s™ to about 10’ M™s?, preferably between
10° M ™ and 107 M*s™, more preferably about 10° M™s™ or more;

and/ar such that they:

. bind to hiL-BR with a ke rate between 107 57 (t1,=0.68 5) and 10° s {providing a near
irreversible complex with a ty; of multipie days), preferably between 10 s and 10° 5™, more
preferably between 107 57 and 10° 7, such as about 107 5™ or lower;

and/or such that they:

- bind 0 cyno [L-6R with a ke rate between 107 s {£,,=0.6¢ 5) and 10° s {providing a near
irreversible complex with a ty, of multiple days), preferably between 10° s and 10% 5™, more
preferaily hetween 107 stand 107 <% such as about 10 57 or lower.

Some preferred 1C50 values for binding of the polypeptides and compounds of the invention to
IL-6R will become clear from the further description and examples harain.

For example, in the TF-1 assay as described by Kitamura et al. {J. Cell Physiol. 1989; 140; 323),
the polypeptides and compounds of the invention may have IC50 values (at 100 IU/mL IL-6) between
10 nM and 50 pM, preferably between 5 nM and 50 pM, mare preferably between 1 nM and 50 pM
or less, such as about 750 or 5060 pM br less. In this TF-1 assay the polypeptides and compounds of
the invention may have IC50 values (at SC00 1U/mL IL-6) between 50 nM and 1 ni, preferably
between 25 ni and 1 nM, more preferably between 10 nM and 1 nbj or less, such as about 8 nivtor
less. In this TF-1 assay, the polypeptides and compounds of the invention may have IC50 values that

are at least the same and preferably betier, at least two times, preferably three times, more
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preferably four times, even more preferably 5 times, 7 times or more than 7 times better compared

to the ICR0 value obtained for the reference 1gG as defined by $£Q 1D NO's; 1 and 2 o the reference
Fab as defined by SEQ ID NO's: 3 and 4 {see Example 1). In this TF-1 assay, the amino acid sequences
of the invention may have 1IC50 values that are at least the same and preferably better, at least two

times, preferably three times, more preferably four times, even more preferably 5 times, 7 times ar
more than 7 times better compared to the {C50 value obtained for Tocilizumab (MRA).

in a plasma poiency assay at EC50 values of IL-6 (e.g. in the presence of 27.29 ng/mLiL-6 as
described in Exampie 45) the polypeptides and compounds of the invention may have 1C50 values
between 500 pM and 50 pM, preferably between 250 pM and 50 pM, more preferably between 200
pM and 50 p or less, such as 150 pM or less. In a plasma potency assay at £C95 values of iL-6 {e.g.
in the presence of 885 ng/mL IL-6 as described in Example 45} the polypeptides and compounds of
the invention may have (50 values between 1000 pM and 100 pM, preferably between 750 pM and
100 phv, more preferably between 500 pM and 10C pM or less, such as 400 pM or less. In this plasma
potency assay, the polypeptides and compounds of the invention may have IC50 values that are at
least the same and preferably better, at least two times, preferably three times, more preferably four
times, even more preferably 5 times, 7 times or maore than 7 times better campared to the IC50 value
obtained for the reference 1gG as defined by SEQ ID NO's: 1 and 2 or the reference Fab as defined by
SEC ID NO's: 3 and 4 {see Exampile 1). In this plasma potency assay, the amino acid seguences of the
invantion may have tC50 values that are atf least the same and preferably better, at ieast two times,
preferably three times, more preferably four times, even more preferabiy 5 times, 7 times or more
than 7 times better compared to the IC50 value obtained for Tocilizumab (MRA).

In an assay for defining binding to membrane [L-6R on CHO cells, the polypeptides and
cornpounds of the invention may have IC50 values between 10 nM and 100 pM, preferably between
5 nM and 100 pM, more preferably betwean 2 niv and 10 pM or less, such as 2 nM or less,

in another specific aspect, the polypeptide, compound or construct of the invention essentially
cansists of the amino acid sequence of SEQID NO: 70,

 another specific aspect, the polypeptide, compound or canstruct af the invention essentially
consists of the amino acid sequence of SEQ ID NO: 73

The compounds or polypegtides of the invention can generally be prepared by a method
which comprises at least the step of suitably linking the one or more amino acid sequence, Nanobody
or menovalent construct of the invention to the cne or more further groups, residues, moieties or
binding units, optionally via the one or more suitable linkers, so as to provide the compound or
polypeptide of the invention. Polypeptides of the invention can also be prepared by a method which
generally comprises af least the steps of providing a nucleic acid that encodes a polypeptide of the

invention, expressing said nucleic acid in a suitable manner, and recovering the expressed
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polypeptide of the invention. Such methods can be performed in a8 manner known per se, which wili
be clear to the skifled person, for example on the hasis of the methods and technigues further
described herein. '

Accordingly, the present invention also relates to the use of an amino acid sequence, a
Nanobody or 8 monovaient construct of the invention in preparing a muitivaient compound,
construct or polypeptide. The methad for the preparation of a multivalent compound, construct or
polypeptide will comprise the linking of an amino acid sequence, a Nanobody or a monovalent
construct of the invention to at ieast one othey group, residue, moiety or hinding unit, optionafly via
one or more linkers.

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

The amino acid sequences, Nancbodies, polypeptides and compounds of the invention are
directad against IL-GR from humans. However, they should preferably also be cross-reactivity with it-
6R from cynomolgus monkeys (Macaca fascicularis), by which is meant that these amine acid
sequences, Nanobodies, polypeptides and compounds are also “directed against” {as defined herein)
and/or are capable of specific binding to (as defined herein) 1L-6R from cynamolgus monkeys
{Macoca fascicuaris), Such cross-reactivity, may have advantages from a drug development point of
view, since it allows the amino acid sequences, Nanobodies, polypeptides and compounds against
human IL.-6R to he tested in a cynomoligus monkey disease model.

An amino acid seguence or Nanobody of the invention {as well as compounds, constructs and
polypeptides comprising the same) is “cross-reactive” with IL-6R from humans and from cynomolgus
monkey means that the amino acid sequence or Nanobody of the invention (as well as compounds,
constructs and polypeptides comprising the same) binds to [L-6R from & cynomoigus monkey with an
affinity {suitably measured and/or expressed as a Kp-value [actual or apparent), a Kq-value {actual or
apparent), a ko,-rate and/or a kes-rate, or alternatively as an 1Cq value, as further described herein)
that is the same or at least 70% of (preferably at least 80% of, more preferabiy at least 30% of, even
more preferably at least 95% of] the affinity with which said amino acid sequence or Nanobody of the
invention (as weil as compounds, constructs and polypeptides comprising the same) binds 1o 1L-6R
from humans. For the IL-6R sequence and the corresponding cONA sequence of cyncmoigus
monkey, reference is also made to W0 09/010538 filed by Ablynx N.V. on fuly 16, 2008 entitled
“Receptor for interleukin-6 (IL-6) frem Mocace foscicutaris”, see SEQ 1D NO: 3 and Figure 1B for the

cDNA sequence and SEQ ID NO: 4 and Figure 38 for the amino acid sequence).



n

10

15

[
i

WO 2010/115998 PCT/EP2016/054764
21

It is also within the scope of the invention to use parts, fragments, analogs, mutants, variants,
alleles and/or derivatives of the amino acid sequences and polypeptides of the invention, and/or to
use proteins or polypeptides comprising or essentiaily consisting of one or more of such parts,
fragments, analogs, mutants, variants, alleles and/or derivatives, as jong as these are suitable for the
uses envisaged herein. Such parts, fragments, anaiogs, mutants, variants, alleles and/or derivatives
will usually contain {at least part of} a functional antigen-binding site for binding against the specific
epitope on IL-6R; and more preferably will be capabie of specific binding to the specific epitope on ii-
6R, and even more preferably capable of binding to the specific epitope on 1L-6R with an affinity
{suitably measured and/or expressed as a Ky-value (actual or apparent), a K,-value {actua! or
apparent}, a kp,-rate and/or a kg-rate, or alternatively as an iCq value, as further described herein)
that is as defined herein. Such parts, fragments, analogs, mutants, variants, alleles and/or derivatives
will usually also have a cell based potency and a plasma potency as defined herein. Some non-limiting
examples of such parts, fragments, analogs, mutants, varlants, alleles, derivatives, proteins and/or
polypeptides will becoms clear from the further description herein, Additional fragments or
poiypeptides of the invention may aiso be provided by suitably combining {i.e. by linking or genetic
fusion) one or more (smaller) parts or fragments as described herein.

in another aspect, the invention also refates to a nudleic acid or a nucleotide sequence that
encodes an amine acid sequence of the invention, a Nanobody of the invention or a polypeptide of
the invention (or a suitable fragment thereof). Such a nucleic acid will also be referrad to herein as
“nucleic acid of the invention” and may for example be in the form of a genetic construct, as further
described herein. Accordingly, the present invention also relates to a nucleic acid or nucleotide
sequence that is in the form of a genetic construct,

The nucieotide sequences of the invention may be naturally occurring nuciectide segquences or
synthetic or semi-synthetic sequences, and may for example he sequences that are isolated by PCR
from a sultable naturaily occurring template {e.g. DNA or RNA isolated from a cell), nucleotide
sequences that have been isolated from a library {and in particular, an expression library), nucteotide
seguences that have baen prepared by introducing mutations into a naturally occurring nucleotide
seguence (using any suitable technigue known per se, such as mismatch PCR), nucleotide seguence
that have been prepared by PCR using overlapping primers, or nuctestlde sequences that have been
prepared using technigues for DNA synthesis known per se,

In another aspect, the invention relates to a host or host cell that expresses {or that under
suitable circumstances is capable of expressing) an amino acid sequence of the invention, a
Nanobody of the invention and/or a polypeptide of the invention; and/or that contains a nucleic acid
of the invention. Some preferred but non-limiting exampies of such hosts or host cells will become

clear from the further description herein,
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The invention further refates to a product or composition containing or comprising at least
one amino acid sequence of the invention (or a suitable fragment thereof), at least one Nanobody of
the invention, at least one polypeptide of the invention, at least one compound or construct of the
invention, at least one monovaient construct of the invention and/or at least one nucleic acid of the
invention, and optionally one or more further components of such compasitions known per se, i.e.
depending on the intended use of the composition. Such a preduct or composition may for example
be a pharmaceutical composition {as described herein), a veterinary cormposition or 2 product or
composition for diagnostic use {as also described herein}. Some prefarred but non-limiting examples
of such products or compositions will become clear from the further description herein.

The invention further relates to methods for preparing the amino acid sequences,
Nancbodies, polypeptides, nucleic acids, host cells, products and compositions described hergin. The
method for producing an amino acid sequence of the invention, a Nanobody of the invention, a
polypeptide of the invention, or a monovalant construct of the invention may comprise the following
steps:

a) expressing, in a suitable host cell or host organism ar in another suitable expression system, a
nucleic acid or nuclectide sequence of the invention, or a genetic construct of the invention;

optionally followed by:

b} iselating and/or purifying the amino acid sequence, the Nanaobody, the polypeptide, or the
monovatent construct of the invention thus obtained.

The method for prodicing an amino acid seguence, a Nanobody, a polypeptide, or a monovalent
cansiruct of the invention may comprise the steps of:

a) cultivating and/or maintaining a host or host celt of the invention under conditions that are
such that said host or host cell expresses and/or produces at least one amino acid seguence,
Nanobody, polypeptide, or a monovalent construct of the invention,

optionally followed by:

b} isolating and/or purifying the amino acid sequence, the Nanobody, the polypeptide, or the
monovalent construct of the invention thus abtained.

The invention further relates to applications and uses of the amino acid sequences,
polypeptides, compounds, constructs, nucleic acids, host cells, products and compositions described
herain, as well as to methods for the prevention and/or freatment for diseases and disorders
associated with [L-6R. Some preferrad but non-limiting applications and uses will become clear from
the further description herein.

The amino acid seguences, Nanchodies, polypeptides, compounds, constructs and
compositions of the present invention can generally be used to modutate, and in particular inhibit

and/or prevent, binding of iL-6R ta iL-6 and subsequent binding of the IL-6/11-6R complex to gpl30
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and thus to modulate, and in particular inhibit and/or prevent, the sighafling that is mediated by IL-
R, IL-6, IL-6/IL-6R complex and/or gp130, to modulate the biological pathways in which IL-6R, 1L-5,
the IL-6/IL-6R complex and/or g130 are involved, and/or to modulate the biological mechanisms,
responses and effects associated with such signalling or these pathways.

In one aspect, the invention provides amino acid sequences, Nanchodies, polypeptides,
constructs and compaunds that are, and/or that can be used as, an antagonist of IL-6R, of H-6R-
mediated signalling, and/or of the biclogical pathways mechanisms, responses andfor effects in
which IL-GR and/or IL-6R mediated signalling are involved,

In this respect, the amino acid sequences, Nanchodies, polypeptides, compounds, constructs
and compaositions of the present invention are such that they (a) specifically bind {as defined herein)
to the IL-6 receptor; and {b} are capable of downregulating the IL-6 receptor and/or are capable of
inhibiting, decreasing or downreguiating the signalling of the IL-6 receptor and/or the pathwayls),
mechanismis; or signalling in which 1L-6 or IL-6R is involved. As will be clear to the skilled person,
such an aminec acid seguence, Nanobody, polypeptide, compound or construct can generally be used
as an antagonist of {L-6, of the IL-6 receptor and/or of the biolegical pathways, mechanisms or effects
in which 1L-6, 1L-6R and/or IL-6/1L-8R complex mediated sighalling is involved. Any such decrease or
downregufation (which can be at least 1%, such as at least 5%, as at least 10%,0r more than 10%, or
up to 50% or 100% or more in a relevant parameter, compared to the same parameter under
conditions in which the amino acid sequence, Nanohody, polypeptide, compound or construct is not
bound to the IL-6 receptor], may be measured in any suitable manner known per se, for example
using one of the assays used described above and/or in the Experimental Part and/or mentioned
herein.

Maore in particular, and in addition to (a) and {b) above, such antagonistic amino acid
sequences, Nanobodies, polypeptides, compounds and constructs bind to 1L-6R in such a way that (c)
hinding of IL-6 to IL-6R is blocked, inhibited or reduced; compared 1o the binding of IL-6 to its
receptor without the presence of the amino acid sequence, Narobody or polypeptide of the
inventien.

Without limitation, such antagonistic amino acid sequences, Nanobodies, polypeptides,
compounds and constructs may bind to a specific epitope on IL-6R close to the IL-6 interaction side
on |L-6R.

Also, in additlon to {a} and {b) above, and In addition to {¢) above, such antagonistic amino acid
seguences and polypeptides may bind 1o I-6R (i.e. as such or as present in the IL-6/1L-6R complex) in
such a way that (d) the formation of the IL-6/1L-6R camplex is inhibited or affected {e g. fully or
partially disrupted) in such a way that the binding of the complex to - e.g. its affinity for - gpl30is

reduced (or reversely, that the hinding of gp 130 to - e.g. its affinity for — the complex is reduced), so
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that the signating induced/mediated by the binding of the complex to gpi30 is modulated {e.g.
reduced); compared to the formation of the complex and its binding to gp130 without the presence
of the amingo acid sequence, Nanobody, polypeptide, compound ar construct of the invention.

The amino acid sequences, Nanobodies, polypeptides, compounds, constructs and
compositions of the invantion are also preferably {but without limitation) such that they effect a
decrease {i.e. by at least 1 percent such as by at least 10 percent, preferably by at ieast 30 percent,
more preferably by at least 50 percent, even more preferably by at least 75 percent or mare) or a
totai inhibition of the induction of C-reactive protein {CRP) in a mammal {such as in a human subject
er in a suitable animal model for inflammation such as the a cynomolgus monkey) when they are
administered to said mammal in a therapeutically relevant amount compared to a mammal not
receiving the amino acid sequence, Nanabody, polypeptide, compound, construct or compositions of
the invention.

The amino acid sequences, Nanobodles, polypeptides, compounds, constructs and
compositions of the invention are also preferabiy {but without fimitation) such that they effect a
decrease {i.e. by at ieast 1 percent such as by at least 10 percent, preferably by at least 30 percent,
more preferably by at i=ast 50 parcent, even mare preferably by at least 75 percent or more) or a
total inhibition of the induction of the platelet count in a mammal {such as in a human subject orin a
suitable animal model for inflammation such as the a cynomolgus monkey) when they are
administered 1o said mammal in a therapeutically relevant amount compared to a mammal not
receiving the amino acid sequence, Nancbody, polypeptide, compound, construct or compositions of
the invention.

The amino acid sequences, Nanobodias, polypeptides, compaunds, constructs and
campasitions of the invention are also preferably (but without limitation) such that they effect a
decrease {i.e. by at !east‘ 1 percent such as by at least 10 percenf, preferabiy by at least 30 percent,
more prefarably by at least 50 percent, even more preferably by at least 75 percent or more} or a
total Inhibition of the induction of fibrinogen in a mammal (such as in a human subject orin g
suitable animal modet for inflammation such as the cynomaolgus monkey) when they are
administered 1o said mammalin a therapeutically relavant amount compared to a mammal not
receiving the amino acid sequence, Nanobody, polypeptide, compeound, construct or compositions of
the invention,

As such, the amino acid sequences, polypeptides, compounds, constructs and compositions

of the present invention can be used for the prevention and/or treatment of diseases and disorcers

* associated with IL-6R, with 1L-6, with the tL-6/1L-6R complex (optionally in further complex with

gp130), and/or with the signaling pathway(s) and/or the biological functions and responses in which

fh-6 , IL-6R and/or the IL-6/1t-6R compiex {optionally in further complex with gn130} are invoived, and
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in particular for the prevention and/or treatment of diseases and disorders associated with 1L-6R, IL-
B, with the IL-6/IL-6R complex {optionally in further complex with gp130}, and/or with the signaling
pathway(s} and/cr the biological functions and responses in which IL-6R, IL-6 and/or the IL-5/IL-8R
complex (optionally in further complex with gp130} are involved, which are characterized by
excessive and/or unwanted signalling mediated by IL-6R or by the pathway(s) in which [L-6R is
involved. Examples of such diseases and disorders associated with IL-BR, with IL-6, with the IL-6/11-6R
complex, and/or with the signaling pathway(s} and/or the biological functions and responses in which
IL-G, IL-6R and/or the IL-6/IL-6R complex are involved, will be clear to the skilled person based on the
disclosure herein, and for example include the foliowing diseases and disorders: sepsis (Starnes et al.,
1999, 1. immunol., 148: 1968} and various forms of cancer such as multipie myeloma disease (MM),
renal cell carcinoma (RCC), plasma cell leukaemia {Klein et al., 1991, Blood, 78: 1198-1204),
lymphoma, B-lymphoproliferative disorder (BLPD) and prostate cancer. Non-timiting examples of
other diseases caused by excessive IL-6 production or signalling Include bone resorption
{osteoporosis) (Roodman et al,, 1992, 1. Clin. tnvest. 89: 45-52; Jilka et al., 1992, Science, 257: 88-91),
cachexia (Strassman et al., 1992, . Clin. Invest,, 89: 1681-1684), psoriasis, mesangiat proliferative
glomerulonephritis, Kaposi's sarcoma, AlDS-related lymphoma {Emilie et al,, 1994, Bload, 84: 2473-
2479), inflammatory diseases and disorder such as rheumatoid arthritis, systemic onset juvenile

idio pathic arthritis, hypergammaglobulinemia (Grau et al., 1890, §. Bxp. Med., 172: 1505-1508};
Crohr's disease, ulcerative colitis, systemic lupus erythamatosus (SLE), multipie sclerosis, Castleman’s
disease, |gM gammopathy, cardiac myxoma, asthma (in particufar allergic asthma) and autoimmune
insulin-dependent diabetes mellitus {Campbelf et al., 1991, J. Chin. Invest. 87: 739-742). Other IL-6R,
IL-6 and/or IL-6/IL-6R complex related disorders will be clear to the skilled person. Such diseases and
disorders are also generally referred to herein as "I-6R related diseases and disorders”.

Thus, without being limited thereto, the amino acid sequences, Nanobedies, polypeptides,
compounds, constructs and compositions of the invention can for example be used to prevent and/for
to treat all diseases and disorders that are currently being prevented or treated with active principles
that can modulate IL-6R-mediated signalling, such as those mentioned in the prior art cited above. it
is also envisaged that the aming acid sequences, Nanobodies, polypeptides, compounds, constructs
and compositions af the invention can be used to prevent and/or to treat alt diseases and disorders
for which treatment with such active principles is currently being developed, has been propoesed, or
will be proposed or developed in future. In addition, it is envicaged that, because of their favourable
properties as further described hearein, tha aming acid sequences, Nanobodies, polypeptides,
compounds, constructs and compositions of the present invention may be used for the prevention
and treatment of other diseases and disorders than those for which these known active principies are

being used or will be proposed or developed; and/or that the amino acid sequences, Nanobodies,
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polypeptides, compounds, constructs and compositions of the presant invention may provide new
methods and regimens for treating the diseases and disorders described herein,

Accordingly, the present invention also relates to a method for the prevention and/or
treatment of at least one disease or disorder that can be prevented and/or treated by administering,
1o 2 subject in need thereof, an amino acid sequence of the invention, a Nanobody of the invention, a
1, or a monovalent conetruct of the in\fent!dn said mathod comprising
administering, to a subject in need thereof, a pharmaceutically active amount of at least one amino
acid sequence of the invention, Nanobody of the invention, polypeptide of the invention, compound
of the invention, or (monovalent) construct of the invention, ar a composition of the invention.

The invention also relates to the use of an aming acid sequence of the inventicn, a Nanobody
of the invention, a polypeptide of the invention, compound of the invention, or (monovalent)
construct of the invention in the preparation of a pharmaceutical compaosition for prevention and/or
treatment of at least one of the diseases and disorders associated with IL-6, with IL-6R, with the IL-
6/IL-6R compiex and/or with the signalling pathways and/or the hiclegical functions and responses in
which IL-8, IL-6R and/or the IL-6/IL-6R complex are involved; and/or for use in one ar more of the
methods described herein.

The invention further relates to an amine acid sequence of the invention, a Nanobody of the
invention, a polypepiide of the invention, compound of the Invention, or {monovalent) construct of
the invention for use in the prevention and/or treatment of at least one of the diseases and disorders
associated with IL-6, with IL-6R, with the IL-6/IL-6R complex and/or with the signalling pathways
and/or the biologicat functions and responses in which IL-6, IL-6R and/or the IL-6/IL-6R complex are
involved; and/or for use in one or more of the methods described herein,

In particular, the present invention provides amino acid sequences, Nanobodies, proteins,
polypeptides, compounds and/or canstructs that are suitable for prophyiactic, therapeutic and/ar
diagnostic use in 3 warm-blocded antmal, and In particuiar in a manwmat, and more in particular in a
human being.

More in particular, the present invention provides such amino acid sequences, Nanobodies,
proteins, polypeptides, compounds and/or constructs that can be used for the prevention,
treatment, alleviation and/er diagnosis of one or more IL-5R refated disorders {as defined herein) in a
warm-blooded animal, in particular in a mammal, and more in particular in a human being.

Other applications and uses of the amino acid sequences, Nanobodies, polypeptides and
compounds of the invention will become clear to the skilled person from the further disclosure

herein,

BRIEF DESCRIPTION OF THE DRAWINGS
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Figure 1: Analysis of the immune response in llamas 81 and 82 by ELISA as described in
Example 2.

Figure 2: Anzlysis of the immune response in liamas 81 and 82 by FACS as described in
Example 2. Legend: LI81 pre: pre-immune serum from Hama 81; LIB1 PBLL: serum collected at day 28
from Hama 81; LI&2 pre: pre-immune serum from liama 82; LI82 PBL2: serum collectad at day 43 from
lamz 82.

Figure Z; Schematic representation of the Alphascreen assays used to dentify Nanobodies
against the IL-6 binding site on IL-6R.

Figure 4: Amino acid sequences of anti-IL-6R Nanobodies.

Figure 5: SDS-PAGE of purified Nanobodies obtained as described in Example 6.

Figure 6: Inhibition of the IL-6/1L-6R interaction by selected Nanobodies as measured in
alphascreen. MAb BR-6 and the reference Fab fragment {described in Example 1} were used as a
control.

Figure 7: Binding of the anti-iL-6R Nanobodizs to U266 cells analyzed by FACS.

Figure 8: Binding of the anti-tL-6R Nanobodies to U266 cells in the absence (top) and presence
{bottom) of human plasma.

Figure 9: Individual observed {symbols) and model predicted {solid line) plasma concentration-
time profiles of ILBR304 in cynomolgus monkey after i.v. administration with 1 mg/kg (0], 5 mg/kg
{A), 10 me/ke {+), 25 me/ke (%) and 100 mg/kg {0).

Flgure 10: Binding of the Nanohodies to mouse and human IL-6R. In each group of three bars,
the bar on the left indicates human IL 6R, the middie bar indicates mouse IL 6R and the bar on the
right indicates the blank,

Figure 11: SDS-PAGE of purified bispecific Nanobodies.

Figure 12: Inhibition of iL-6/1L-6R interaction by bispecific Nanohodies as measured in
alphascreen,

Figure 13: FACS analysis of hivalent Nanobodies binding to U266 celis.

Figure 14: FACS analysis of frivalent Nanabodies binding to U266 cels.

Figure 15: Alignment of [L6RO3, ILBRO4 and ILBR13 sequences with 5 most homoelogous human
germlines, Forfurther explanation see Example 23.

Flgure 16A and B: Amino acid sequences of sequence optimized variants of ILGRO3, IL6R04 and
1LBR13. For further explanation see Example 23.

Figure 17: Inhibition of the IL-6/1L-6R interaction by sequence optimized variants of IL6RG3.

Figure 18: Inhibition of the IL-6/1L-6R interaction by sequence optimized variants of IL6R04.

Figure 19: Inhibition of the IL-6/IL-6R interaction by sequence optimized variants of IL6R13,

Figure 20: Inhibition of the IL-6/IL-6R interaction by sequence optimized variants of IL6R13.
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Figure 21: Inhibition of the i-6/IL-6R interaction by wild-type and sequenge optimized anti-IL-
6R Nanabodies.

Figure 22: Cell-based potency of seguence optimized Nanobodies versus wildtype Nanobaodies.

Figure 23: Plasma potency ELISA of sequence optimized Nanobodies in human {A) and cyno {B)
plasma.
wence antimized Nanchadias at the EC50 {lefi} and the
ECO5 {right) of IL-6.

Figure 25: Epitope mapping of IL-6R Nanokodies as described in Example 29: competition assay
on an iL-6R-coated (A-C) or an iL-6~coated ¢hip.

Figure 26: Amino acid sequences of affinity matured IL6R65 variants.

Eigure 27: Binding curves of Nanobody IL6R65 (referred to as parent Nanobody) and its affinity
matured variants.

Figure 28; Evaluation of IL6R65 and 5 zffinity matured varianis in a human and cyno plasma
potency assay.

Figure 29: inhibition of l-6-dependent proliferation of TF-1 cells by affinity matured
Manobodies. Calis were grown in the presence of 2 ng/ml human 1t-6 and various concentrations of
Nanobody. Profiferation was measured by 3H-thymidine incorporation,

Figure 30; Competition of IL-6 with two affinity matured Nanobodies (B-C) in comparison with
the competition of [L-6 with the ILG6RE5 (A) as measured in Blacore.

Figure 31: Sequences of IL-6R binding Nanobodies after 2nd round of affinity maturation
{combinatorial libraries CDR1/2 + COR3).

Figure 32: Inhibition of tL-b-dependent proliferation of TF-1 celis. Cells were grown in the
presence of 2 ng/ml human IL-6 and various concentrations of Nanobody. Proliferation was
measured by 3H-thymidine incorporation.

Figure 33: Evaluation of ILBR65 and 2nd round affinity matured variants in a human and cyno
plasma potancy assay. Parent = 1L6R65,

Figure 34; Binding of [LBRES5 and PMP20A1L to human PBMCs in full blood.

Figure 35: Inhibition of membrane IL-6R activity by formatted Nancbodies and referance 1gG.
TF-1 ceils were pre-incubated with a dilution series of ILGR304(m}, ILBR305( 4}, IL6R306{¥) or
reference tgG{e} after which proliferation was induced with 100 tU/mL IL-6. After 72h incubation, celf
proliferation was assessed by incorporation of *H thymidine. Mean + s.e. of triplicate measurements
is shown,

Figure 36: Inhibition of membrane IL-6R by the formatted Nanobodies and the reference IgG ai
high levels of IL-6. TF-1 cells were pre-incubated with a dilution series of 20A11 (¢}, {L6R304(w),
ILBR30S( 4 ), IEBR306(¥) or the reference |gG(e) afier which proliferation was induced with 5000
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W/mL IL-6, After 72h incubation, cell proliferation was assessed by incorporation of W thymidine.
Mean + 5.2, of triplicate measurements is shown,

Figure 37; Effect of IL6R304 and ILER30S on pmliferatio.n of TF-1 ceils. TF-1 cels were seeded
at a density of 12500 cells/well and incubated with or without 50 nM ILBR304 or iL6R305.
Profiferation was induced with 100 iU/mi iL-6 or celis were incubated in the absence of growth
factors. After 72h incubation, cell proliferation was assessed by incorporation of *H thymidine. Each
data point was measured 30 times. Mean + s.e. is shown,

Figure 38: Plasma potency ELISA in human plasma. Neutralization of binding of human I1L-6 to
plasma slL-6R by the reference igG {e), ILGRZ0AL1 (¢}, ILARICA (w}, ILER3I05 (4 ), LGR306 (¥ ) oran
irrelevant NB {x). The mean t s.e. of duplicate measurements is shown. A, B: competition with 25
ng/ml of IL-6 {EC50). C,D: competition with B85 ng/mL of I1L-6 (ECI5}).

Figure 39: Binding of 1L6R20A11 and formatied variants to CHO cells. CHO cells expressing IL-
BR {A) or negative CHO cells {B) were incubaied with IL6R20A11 {¢), IL6R304 (m), HLER30S5 {4 ) or
ILBR306 (¥ ). Bound Nanobody was detected using MAbL ¢1.5.3.1 and anti-mouse-PE.

Figure 40: Binding of [L.-6R Nanobodies on human PBL in full blood. Left: lymphocytes (1, black),
monocytes (M, dark gray) and granulocytes (G, light gray) were gated based on FSC/S5C properties.
Middle: background PE fiuorescence of the three gated populations. Right: PE fluorescence after
incubation with 1 pM of ILER305.

Figure 41: Binding of IL-6R Nanobodies to human PBL. EDTA-treated blood from 2 donors was
incubated with [IL6R20AT1 {#), IL6R304 (w}, ILGR305 [A) or [L6R306 {¥). Bound Nanobody was
detected using MAb ¢l.5.3.1 and anti-mouse-PE. A: iymphocytes; B: monoeeytes; C: granulocytes,

Figure 42: Binding curves of formatted affinity matured Nanobodies on human and cyno serum
atbumin.

Figure 43: Binding curves of formatted affinity matured Nanobodies to human and cyno IL-6R.

Figure 44: Plasma potency ELISA in cyno plasma. Neutralization of binding of human IL-6 to
cyne plasma siL-6R by the reference IgG (&), iL6R2Z0A11 [¢), IL6R304 (m), HL.6R305 {4 ), ILBR306 (¥ or
an irrelevant NB (x).

Figure 45: Cross-reactivity of ILBR20A11 with sIL-6R from other species. Left: binding of
ILBR20AL1 to human siL-6R on the plate after pre-incubation with recombinant siL-6R from human
(&), cyno (m) or mouse {4). Right binding of ILBR20A11 10 human sIL-6R after pre-incubation with
human (@), cyna {E), mouse (&} or guinea pig { ¥ ) plasma,

Figure 46: Competitive binding ELISA. ILBR20A11 (0.05 nM) was pre-incubated with different
concentrations of iL-GR (), LIF-R (®), CNTF-R (&), OSM-R (¥} or IL-11R/Fc (¢). Free ILER20ALL was
captured on slL-6R and detected via anti-His,

Figure 47: Study design for in vivo PK/PD analysis of IL6R304 and ILGR305.
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Figure 48; Effect of the reference IgG, IL6R304 and IL6R305 on CRF levels increased by hiL-6 in
individual cynomoigus monkeys. (A} Animals 27, 28 and 25 served as negative controls and received
only hit-6. The reference 1gG (B, closed black symbols), different doses of IL6R304 (C, blue symbols)
and different doses of ILE6R305 {D, red symbots) were i.v. administered followed by s.c. injections of
hIL-6 at & dose of 5 pg/kg once a day for 7 days.

Figure 48: Mean CRP levels for all groups obtained in the in vivo PK/PD study with IL6R304 and
ILBR305.

Figure 50: Effect of the reference IgG, ILBR304 and IL6R305 on fibrinogen levels increased by
hiL-6 in individual cynomolgus monkeys, {A) Animals 27, 28 and 29 served as negative controls and
received only hil-6, Reference IgG (B, closed black symbals), different doses of ILBR304 {C, blue
symhols) and different doses of IL6R305 {D, red symbolis) were i.v. adminisiered foilowed by s.c.
injections of hIL-6 at a dose of 5 ug/kg once a day for 7 days. Results were normaiized to the basal
levels.

Figure 51: Mean fibrinogen levels for all groups obtained in the in vivo PK/PD study with
[E5R304 and [LER30%,

Figure 52; Effect of the reference 1gG, IL6R304 and IL6R305 on platelet counts increasad by hiL-
6 in individual cynomolgus monkeys. (A} Animals 27, 28 and 29 served as negative controls and
received only hiL-6. Reference IgG {A, closed black symbaols), different doses of ILBR304 (B, blue
symbols) and different dosas of ILBR305S (C, red symbols) were i.v. administered fotiowed by s.c.
injecticns of hiL-6 at a dose of 5 ng/kg once a day for 7 days. Results were normalized to the basal
levetls.

Figure 53: Mean platelet counts for ali groups obtained in the in vivo PK/PD study with IL6R304
and ILGR305.

Figure 54: individual observed plasma concentyation-time plots after i.v, bolus

administration of 1L6R304 {0.4-2-10 mg/kg) in cynomolgus monkeys. 1im, 12m and 13f are
the three graphs on the left hand side; 17m, 18f and 14m are the middle graphs and 15m and 16f are
the graphs on the right hand side.

Figure 55: individua! observed plasma concentration-time plots after i.v. bolus administration

of ILBR305 (0.4-2-10 mg/kg} in cynomolgus mankeys. 19m, 20f and 21f are the three graphs on
the left hand side; 25m, 26f and 22m arg the middie graphs and 23m and 24f are the graphs on the
right hand side.

Figure 56; Mean ohserved plasma concentration vs. time plots after L.v. bolus administration of
ILBR304 {0.4-2-10 mg/kg) and ILBR202 {2 mg/ke, dose-normatized to 0.4-10 mg/ke] in cynomolgus

maonkeys.
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Figure 57: Immunodetection of anti-IL6R304 antibodies at pre-dose and different days post i.v.
administration of ILGR304. ELISA plates were coated with IL6R304. The legend in each of the figures
corresponds to the bar graph groupings starting from left to right.

Figure 58: Immunodetection of anti-IL6R304 antibodies at pre-dose and different days post i.v.
administration of ILER304. ELISA plates were coated with ILER300. The legend in each of the figures
corresponds to the bar graph groupings starting from left to right.

Figure 59: Immunodetection of anti-ILoR304 antibodies at pre-dose and different days post i.v.
administration of ILGR304. ELISA plates were coated with ALB8. The fegend in each of the figures
corresponds to the bar graph groupings starting from left to right.

Figure 60: Immunodetection of anti-IL6R305 antibodlies at pre-dose and different days post i.v.
administration of ILGR305. ELISA plates were coated with IL6R305. The legend in each of the figures
corresponds to the bar graph groupings starting from left to right,

Figure 61: Immunodetection of anti-IL6R305 antibodies at pre-dose and different days post i.v.
administration of 1L6R305. ELISA plates were coated with IL6R300. The legend in each of the figures
corresponds to the bar graph groupings starting from left to right,

Figure 62: Immunodetection of anti-iL6R305 antibodies at pre-dose and different days post i.v.
administration of IL6R305. ELISA plates were coated with ALB8. The legend in each of the figures .
corresponds to the bar graph groupinés starting from left to right. o

Flgure 63: Plasma sIL-6R levels in cynomolgus monkeys after a single IV bolus dose of IL6R
- Nanobodies. A: 2 animals treated with Ref 1gG at 5 mg/kg (M, @) or vehicie {A), B: 3 animals with
IL6R304 at 0.04 mg/kg, C: 3 animals with ILBR305 at 0.04 mg/kg.

Flgure 64: Totai plasma sIL-6R Ievel§ in cynomolgus monkeys after a single IV bolus dose of IL6R
Nanobodies. A: animals treated with ILGR304 (A, W, @), Ref 13G (V) or vehicle (O); 8: animals
treated with ILGR305 (A, I8, ®), Ref IgG (V) or vehicle (). The mean + s.e. per group is shown.

Figure 65: Total plasma IL-6 levels in cynomoigus monkeys after a single IV bolus dose of ILGR
Nanobodies. Total plasma IL-6 concentrations, both endogenous cyno and injected human IL-6, were
measured via the Gyrolab platform. Samples that were below the fimit of quantification are depicted
as 9.6 pg/mL. A: IL6R304; B: IL6R305; C: positive {Ref IgG) and negative (buffer) control. The mean
per treatment group t s.e. {n=3 for {;.4 and 2 mg/kg; n=2 for 10 mg/kg} is depicted. D: endogencus
cyno plasma IL-6 concentrations in individual animals after IV bolus injection of 10 mg/kg ILGR304
{M, @), iL6R305 (A, V) orirrelevant Nanobody (<, #). The mean t s.e. of 2 measurements is shown.

Figure 66: Total (A} and free (B} sIL6R plasma levels in cynomolgus monkey after a single i.v.
administration of different doses of ILBR304. Mean plasma concentrations of either biomarker + SD
per group is shown. Vehicle or IL6R304 at given doses were administered at time point 0. For the

legend, see Figure 668.
RECTIFIED SHEET (RULE 91) I1SA/EP
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Figure 67: Total and free sIL6R plasma levels and ILBR304 concentration in cynomolgus monkey
after a single i.v. administration of 25 mg/kg 1L6R304. The mean + SD for the specific dose group is
shown. Total siL6R {solid line, square symbois), free sILBR {solid line, round symbols) and IL6R304
concentrations (dotted line, defta) are plotted versus time {(days).

Figure 68: Individual ohserved {symbols) and model-predicted (solid lines) total sibeR
concentration-time plots after iv. administration with 1 meg/kg (0], 5 mgfke {A) 10 meg/kg (+}, 25
mg/kg {x} and 100 mg/kg () of ILER304.

Figure 62: Mean plasma concentration-time profites of IL6R304 in cynomolgus monkey after
Lv. bolus injection with 1, 5, 1D, 25 or 100 mg/kg of iLBR304.

Figure 70: Open three-compartmental pharmacokinetic model with linear and non-iinear
clearance from the central compartment. Clyon.er is the linear non-IL6R mediated clearance, V, the
volume of the central compartment, Vg the volume of the deep peripheral compariment, CLy the
inter-compartmental flow between central and deep compariment, V; the volume. of the shallow
peripheral compariment, Cl the inter-compartmental fliow between central and shaliow
compartment and Clisr is the nen-linear ILER-madiated clearance {with V., the maximum metabolic

rate and K, the IL6R304 concentration corresponding to 50% of Vi,

DETAILED DESCRIPTION
In the present description, examples and claims:

a) Unless indicated or defined otherwise, all terms used have their usual meaning in the art,
which wilt be clear to the skilied person. Reference is for example made to the standard
handbooks, such as Sambrook et al,, "Molecular Cloning: A Laboratory Manual® (2™ Ed.}, Vois.
1-3, Cotd Spring Harbor Laboratory Press {1989); F. Ausubel et al,, eds., "Current pretocols in
molecular biology”, Green Pubiishing and Wiley interscience, New York {1987}; Lewin, “Genes
W, lohn Witey & Sons, New York, N.Y,, (1985); Old et al., “Principies of Gene Manipulation: An
Introduction to Genetic Engineering”, 2nd edition, University of California Press, Berkelay, CA
(1981); Roitt et al,, “Immunclogy” {6th. Ed.), Mosby/Elsevier, Edinburgh (2001}); Raitt et al.,
Roitt's Essential immunology, 10" £d. Blackweli Publishing, UK (2001); and laneway et al.,
“immunobioclogy” (6th £d.}, Garland Science Publishing/Churchill Livingstone, New York (2005),
as well as to the general background art cited herein;

o)) Unless indicated otherwise, the term “immunoglobulin sequence” -.whether used herein to
refer to a heavy chain antibody or to a conventional 4-chain antibody - is used as a general
tarm to include both the fufl-size antibody, the individual chains thereof, as well as all parts,

domains or fragments thereof {including but not limited to antigen-binding domains or
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fragments such as Ve domains or V'V, domains, respectively). In addition, the term
“sequence” as used herein {for exanmple in terms like “immunoglobulin sequence”, “antibody

PR

sequence”,

oo

variable domain sequence”, "V, sequence” or “proiein sequence”}, should
generally be understood to inciude both the relevant amino acid sequence as well as nucleic
acids or nuclectide sequences encoding the same, uniess the context reguires 2 mere limited
interpretation. Also, the term “nucleotide sequence” as used herein also encompasses a
nucleic acid molecule with said nucleotide sequence, so that the terms “nuclectide sequence”
and “nucleic actd” should be considered equivalent and are used interchangeably herein;
Unless indicated otherwise, all methods, steps, techniques and manipulations that are not
specifically described in detail can be performed and have been performed in a manner known
per se, as will be clear to the skilled person. Reference is for example again made to the
standard handbooks and the general background art mentioned herein and to the further
references cited therein; as well as 1o for example the following reviews Presta, 2006, Adv.
Drug Deliv. Rev,, 58 (5-6): 640-56; Levin and Weiss, 2008, Mol. Biosyst., 2(1): 49-57; frving et
al., 2001, §. Immunol, Methods, 248{1-2): 31-45; Schmitz et al., 2000, Placenta, 21 Suppl. A,
5106-12; Gonzales et al,, 2005, Tumour Biol., 26{1): 31-43, which describe technigues for
protein engineering, such as affinity maturation and other technigues for improving the
specificity and cther desired properties of proteins such as immunoglabulins,

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

amino acid code, as mentioned in Table A-2;

Table A-2: one-letter and three-letter amingc acid code

Nonpoiar, Alanine Ala A
uncharged Valing Val v
(at pH 6.0 Leucine Leu L
7-0}(3} Iscleucine lle {
Phenylalanine Phe F
Methionine! Met M
Tryptophan Trp W
Proline Pro p
Polar, uncharged | Glycine® Gy G
{at pH 6.0-7.0) Sarine Sar S
Threonine Thr T
Cysteine Cys C
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Agparagine Asn N
Glutamine Gln Q
Tyrosine Tyr Y
Polar, Lysine Lys K
charged Arginine Arg R
{at pH 6.0-7.0) | Histidine™ His i
Aspartate Asp D
Glutamate Gluy E

Notes;

W sometimes also considered to be a polar uncharged amino acid.

2 gometimes also considered to be a nonpolar uncharged amino acid.
3 As will be clear to the skilled person, the fact that an amino acid residue is
referred to in this Table as being either charged or uncharged at pH 6.0 10 7.0
does not reflect in any way on the charge said aming acid residue may have at a
pH lower than 6.0 and/or at a pH higher than 7.0; the amino acid residues
mentionad in the Table can be either charged ant/or uncharged at such a
higher or lower pH, as will be clear to the skilled person.

B s is known in the art, the charge of a His residue is greatly dependant upaon
even smali shifts in pH, but a His residue can generally be considered essentially

uncharged at & pH of about 8.5,

e} For the purposes of comparing two or more nucleciide sequences, the percentage of
"seguence identity” between a first nucieotide sequence and a second nuclectide sequence
may be caiculated by dividing {the number of nucleotides in the first nucleotide sequence that
ore Identical to the nucleotides at the corresponding positions in the second nucleotide
seqguence) by {the total number of nucieotides in the first nucleotide sequence] and muitiplying
by [100%], in which each deleiton, insertion, substitution or addition of a nucleotide in the
second nucleotide sequence - compared to the first nucleotide sequence - is considered as a
difference at a single nucieotide {position).

Alternatively, the degree of sequence identity between two or more nucieotide sequeances
may be calcuiated using a known computer algorithm for sequence alignment such as NCB

Blast v2.0, using standard setiings.
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Some other techniques, computer algorithms and settings for determining the degree of
sequence identity are for exarnple described in WO 04/037999, EP 0967284, EP 1085083, WO
00/55318, WO 00/78572, WO 9§/45185 and GB 2357768-4,

Usually, fer the purpose of determining the percentage of “sequence identity” between two
nuclentide sequences in actordance with the calculation method outlined hereinabove, the
nucleotide sequence with the greatest number of nucleotides will be taken as the “first”
nucteotide sequence, and the other nucleotide seguence will be taken as the “second”
nucleotide sequence;

For the purposes of comparing two or more amino acid sequences, the percentage of
“sequence identity” between g first amino acid sequence and a second aming acid sequence
(also referred to herein as “amine acid identity”) may be calculated by dividing [the number of
emino acid residues in the first amino ocid sequence that ore identical to the amino acid
residues ot the corresponding positions in the second amino acid sequencel by {the fotal
number of amino acid residues in the first amine acid sequence) and multiplying by [100%], in
which each deletian, insertion, substitution or addition of an amino acid residue in the second
amino acid sequence - compared to the first amino acit sequance - is considered as a
difference at a single amino acid residue (position), i.2. as an “amino acid difference” as
defined herein.

Alternatively, the degree of sequence identity between two amino acid sequences may be
calculated using a known computer aigorithm, such as those mentionad above for determining
the degree of sequence identity for nucieotide sequences, again using standard settings.
Usually, for the purpose of determining the percentage of “sequence identity” between two
amino acid sequences in accordance with the calculation method outlined hereinabova, the
amino acid sequence with the greatest number of amino acid residues will be taken as the
“first” amino acid sequence, and the other amino acid sequence will be taken as the "second”
amino acid sequence,

Also, in determining the degree of sequence identity between twoe amino acid seguences, the
skilled person may take into account so-called “conservative” amino acid substitutions, which
can generally be described as amine acid substitutions in which an amino acid residue is
replaced with another amine acid residue of similar chemical structure and which has littie or
essentialiy no influence on the function, activity or other biological properties of the A
polypeptide. Such conservative amino acid substitutions are well known in the art, for example
from WO 04/037999, GB 335 768-A, WO 98/49185, WO 00/46383 and WO 01/08300; and

{praferred} types and/or combinations of such substitutions may be selected on the basis of
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the pertinent teachings from WO 04/037999 as well as WO 58/45185 and from the further
references cited therein.
Such conservative substitutions preferably are substitutions in which one amino acid within

the foliowing groups {a) — {e) is substituted by another amino acid residue within the same

polat, positively charged residues: His, Arg and Lys; (d} large aliphatic, nonpolar residues: Met,
Ley, ite, Val and Cys; and {e) aromatic residues: Phe, Tyr and Trp.

Particularly preferred conservative substitutions are as follows: Ala into Gly or inte Ser; Arg
into Lys; Asn info Gln or into His; Asp inte Gly; Cys into Ser; Gin into Asn; Ghe into Asp; Gly into
Ala or into Pro; His into Asn or into Gln; lle into Leu or into Val; Leu into lle orinto Val; Lys into
Arg, into Gin or into Glu; Met into Leu, into Tyr or into [le; Phe into Met, into Leu or into Tyr;
Serinto Thr; Thr into Ser; Trp into Tyr; Tyr into Trp; and/or Phe into Val, inio lle or into Lew,
Any amino acid substitutions applied to the polypeptides described herein may also be based
on the analysis of the frequencies of amino acid variations between homologous proteins of
different species deveioped by Schulz et al. {1978, “Principles of Protein Structure”, Springer-
Verlag), on the analyses of structure forming potentials developed by Chou and Fasman (1574,
Bicchemistry 12: 211, and 1978, Adv. Enzymol,, 47: 45-149], and on the analysis of
hydrophobicity patterns in proteins deveioped by Eisenberg et al. {1984, Proc. Natl. Acad Sci.
USA 81: 140-144), Kyte and Doolittle (1983, 1. Molec. Biol. 157: 105-132), and Goldman et al.
1886, Ann, Rev, Biophys. Chem. 15: 321-353), all incorparated hergin in their entirety by
reference, Information on the primary, secondary and tertiary structure of Nanobodies is given
in the description herein and in the general background art cited above. Also, for this purpose,
the crystal structure of 2 Vi domain from a llama is for example given by Desmyter et al.
(1996, Nature Structural Biology, 3 (9): 803), Spinelii et al. {1996, Natural Structural Biology, 3:
752-757} and Decanniere et al. (1995, Structure, 7 {4} 361). Further information akout some of
the amino acid residues that in conventional Vi domains form the Vu/V interface and potential
camelizing substitutions on these positions can be found in tha prior art cited above.

Amino acid sequences and nuclelc acid sequences are said 1o be “exactly the same” if they
have 100% sequence identity {as defined herein} over their entire length;

When comparing two amino acid sequences, the term “amino acid difference” refers to an
insertion, deletion or substitution of a single amino acid residue on a position of the first
sequence, compared to the second sequence; it being understood that two amino acid

sequences can contain oneg, two or more such amino acid differences;
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When a nucleotide sequence or amino acid sequence is said to “comprise” another nucleotide
seguence or amino acid sequence, respectively, or to “essentially consist of” another
nuclectide sequence or amino acid sequence, this may mean that the latter nucleotide
sequence o amino acid sequence has been incorporated into the firstmentioned nucleotide
sequence or amino acid sequence, respectively, but more usually this generally means that the
firstmentioned nucleotide sequence or amino acid sequence comprises within its sequence a
stretch of hucleotides or amine acid residues, respectively, that has the same nucleotids
sequence or amino acid sequence, respectively, as the latter sequence, irrespective of how the
firstmentioned sequence has actually been gensrated or abtained (which may for example be
by any suitable method described herein). By means of a non-limiting example, when an amino
acid sequence of the invention is said to comprise a stretch of amino acid residues, this may
mean that said stretch of amine acid residues has been incorporated into the amino acid
sequence of the invention, but more usually this generally means that the amino acid
sequence of the invention containg within its sequence the stretch of amino acid residues
irrespective of how said amino acid sequence of the invention has been generated or obtained.
When a Nanobody of the invention is said to comprise a CDR sequence, this may mean that
said CDR sequence has been incorporated into the Nanobaody of the invention, but more
usually this generally means that the Nanobody of the invention contains within its sequence a
stretch of amino acid residues with the same amino acid sequence as said COR sequence,
irrespective of how said Nanubody of the invention has been generated or obtained. it should
alsc be noted that when the latter amino acid sequence has 3 specific biological or structural
function, it preferably has essentially the same, a similar or an equivaient biological or
structural function in the firstmentioned aming acid sequence (in other words, the
firstmentioned amino acid sequence is preferably such that the latter sequence is capabie of
performing essentially the same, a similar or an equivalent biological or structural function;.
For example, when a Nanobody of the invention is said to comprise 2 CDR seguence or
framework sequence, respectively, the CDR sequence and framework are preferably capable,
in said Nanohody, of functioning as'a CDR sequence or framework sequence, respectively.
Aiso, when 2 nucleotide sequence is said to comprise another nucleotide sequence, the
firstmentioned nucleotide sequence is preferably such that, when it is expressed inte an
expression product (e.g. a polypeptide), the amino acid seguence enceded by the iaiter '
nucleotide sequence forms part of said expression product {in other words, that the latter
nucleotide sequence is in the same reading frame as the firstmentioned, farger nucleotide

sequence),
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A nucleic acid sequence ar amino acid sequence is considered to be “{in) essentiolly isolated
{form)” - for example, compared to its native biolegical source and/or the reaction medium or
cuftivation medium from which it has been abtained - when it has been separated from at least
one other component with which it is usually associated in said source or medium, such as
another nucleic acid, another protein/polypeptide, another biciogicat component or

macromolacule or at least one

[)

ontaminant, imaurity or minor component, In particyiar, a
nucleic acid sequence or amino acid sequence is considered “essentiaily isolated” when it has
been purifizd at least 2-fold, in particular at least 10-fold, more in particutar at least 100-fold,
and up to 1000-fold or more. A nucleic acid sequence or amino acid sequence that is “in
essentiaily isolated form” is preferably essentialiy hornogeneous, as determined using a
suitable technigue, such as a suitabie chromatographical technique, such as polyacrylamide-gel
electrophoresis;

The term “domain” as used herein gererally refers to a giobutar region of an amino acid
sequence {such as an antibody chain, and in particular to a globular region of a heavy chain
antibody), or to a polypeptide that essentially consists of such a globular region. Usually, such a
domain wilt comprise peptide loops {for example 3 or 4 peptide loops) stabilized, for example,
as a sheet or by disulfide bonds. The term “binding domain” refers to such a domain that is
diracted against an antigenic determinant {as defined herein};

The term "antigenic determinant” refers to the epitope on the antigen recognized by the
antigen-binding molecule such as an amino acid sequence, a Nanobody or & polypeptide of
the invention) and more in particular by the antigen-binding site of said melecule. The terms
“ontigenic determirant” and “epitope” may also he used interchangeably herein.

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

The term “specificity” refers to the number of different types of antigens or antigenic
determinants to which a particular antigen-binding malecule or antigen-binding protein {such
as an amino acid sequence, a Nanobody or a polypeptide of the invention) molecule can bind.
The specificity of an antigen-binding protein can be determined based on affinity and/or
avidity. The affinity, represented by the equilibrium constant for the dissociation of an antigen
with an antigen-binding proiein {Ky), is a measure for the binding strength between an

antigenic determinant and an antigen-binding site on the antigen-binding protein: the lesser
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the value of the Kp, the stronger the binding strength hetween an antigenic determinant and
the antigen-binding molecule (alternatively, the affinity can also be expressed as the affinity
constant {K,), which is 1/Kp). As will be clear to the skilled person (for example on the basis of
the further disclosurg herein), affinity can be determined in a mannar known per se,
depending on the specific antigen of interest. Avidity is the measure of the strength of binding
between an antigen-bhinding molecule (such as an amino acid sequence, a Nanobody or
polypeptide of the invention) and the pertinent antigan, Avidity is related to both the affinity
between an antigenic daterminant and its antigen binding site on the antigen-hinding moiecule
and the number of pertinent binding sites present on the antigen-binding molecule. Typically,
antigen-binding proteins will bind to their antigen with a dissociation constant {I) of 20° to
10 moles/titer or less, and preferably 107 to 10™ moles/liter or less and more preferably 16¥
1o 107 moles/liter {l.e. with an association constant {K») of 10% to 10% liter/ moles or more,
and preferably 107 to 10 liter/moles or more and more preferably 10° to 10* liter/moles),
Any K, value greater than 10° mol/liter (or any K, value lower than 10° M™) liters/mol is
generally considered to indicate non-specific binding. Preferably, 8 monovaient
immunoglobulin sequence of the invention will bind to the desired antigen with an affinity less
than 500 niM, preferably less than 200 nM, more preferably less than 10 niM, such as less than
500 pM. Specific binding of an antigen-binding protein 1o an antigen or antigenic determinant
can be determined in any suitable manner known per se, including, for example, Scaichard
analysis and/or competitive hinding assays, such as radioimmunaassays {RIA), enzyme
immunoassays (EIA) and sandwich competition assays, and the different variants thereof
knowr: per se in the art; as well as the other technigues mentioned herein.

The dissociation constant may be the actual or apparent dissociation constant, as will be ciear
o the skilled person. Methods for determining the dissoclation constant will be clear ta the
skilled person, and for example include the techniques mentioned herein. In this respect, it will
also be clear that it may not be possible to measure dissociation constants of more then 10
moles/liter or 10° moles/liter {e,g, of 107 moles/titer!. Optionally, as will also be clear to the
skilled person, the (actual or apparent} dissociation constant may be calculated on the basis of
the {actuai or apparent) association constant {K,), by means of the relaticnship [Ky = 1/Ka).

The affinity denotes the strength or stability of a molecular interaction. The affinity is
commonty given as by the K, or dissociation constant, which has units of mol/liter {or ). The
affinity can also be expressed as an association constant, K,, which equals 1/I; and has units of
(mol/liter)™ (or M™Y. In the present specification, the stability of the interaction between two
molecuies (such as an amino acid sequence, Nanobody or polypeptide of the invention and its

intended target] will mainly be expressed in terms of the ¥, vaiue of their interaction; it being
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clear to the skilied person that in view of the relation ¥, =1/Ky, specifying the strength of
molecular interaction by its Kp value can aiso be used to calculate the corresponding K, vaiue.
The Kp-value characterizes the strength of 2 molecular interaction also in a thermodynamic
sense as it is related to the free energy (DG) of binding by the well known relation
DG=RT.In{K) {equivalently DG=-RT.In{K,}}, where R equals the gas constant, T equals the
absolute temperature and In denotes the natural logarithm.

The ¥y for biological interactions which are considered meaningful (e.g. specific) are typically in
the range of 107°°M (0.1 nM) to 10°°M 110000 nM}. The stronger an interaction is, the lower is
its Kp.

The I, tan also be expressed as the ratio of the dissociation rate constant of a complex,
denoted as kg, to the rate of its association, denoted kg, (50 that K =Kes/Ken and K, = kon/kom.
The off-rate keshas units s (where s is the $| unit notation of second). The on-rate k., has
units M's, The on-rate may vary hetween 10° M™s™ to about 10’ M™s™, approaching the
diffusion-limited association rate constant for bimaltecular interactions. The off-rate is related
to the half-life of a given molecular interaction by the relation t1=In{2)/lGx. The off-rate may
vary between 10° 57 (near irreversibie complex with a t,,, of multiple days) to 1 5™ [t;,,=0.69 s},
The affinity of a molecular interaction between two molecules can be measured via different
technigues known per se, such as the well known surface plasmon resonance (SPR) biosensor
technigue {see for example Ober et al,, Intern. Immunoiogy, 13, 1551-1559, 2001) where one
molecule is immobilized on the biosensor chip and the sther molecule is passed over the
immobilized molecule under fiow conditions yielding k,.. ke measurements and hence Kg (or
Ka} values. This can for example be performead using the well-known BIACORE instruments,

it will also be clear to the skilied person that the measured Ky may correspond to the apparent
Ko if the measuring process somehow influences the intrinsic binding affinity of the implied
molecuies for exampie by artefacts related to the coating on the biosensor of one molecule.
Also, an apparent K, may be measured if one moiécu\e cantains more than one recognition
sites for the other motecule. In such situation the measured affinity may be affected by the
avidity of the interaction by the two molecules.

Another approach that may be used to assess affinity is the 2-step ELISA {Enzyme-Linked
Immunosorbent Assay) procedure of Friguet et al, (1985, J. immunol. Methods, 77: 305-19).
This method establishes a solution phase binding equilibrium measuremeny and avoids
possible artefacts relating to adsorption of one of the molecules on a support such as plastic.
However, the accurate measurement of Ky may be quite labor-intensive and as consequence,
often apparent Kp vatues are determined to assess the binding strength of two molecules. It

should be noted that as long all measurements are made in a consistent way {2.8. keeping the



A

10

ot
L

e
(4]

30

35

WO 2010/115998 PCT/EP2010/0654764

o)

41

assay conditions unchanged) apparent K, measurements can be used as an approximation of
the true Ky and hence in the present document K, and apparent Kp should be treated with
equal importance_or relevance.

Finally, it should be noted that in many situations the experienced scientist may judge it to be
convenient to determine the binding affinity relative to some raference molecule. For
example, to assess the binding strength between molecules Aand B, one may e.g. use a
reference molecule C that is known to bind to B and that is suitably labelied with a fluorophore
or chromophore group or other chemical moiety, such as biotin for easy detaction in an ELISA
or FACS {Fluovescent activated cell sorting) or other format {the flugrophore for fluorescence
detection, the chromagphore for light absorption detection, the biotin {or streptavidin-
mediated FLISA detection). Typically, the referesice molecule Cis kept at a fixed concentration
and the concentration of A is varied for a given concentration or amount of B. As a result an
[Ceo value is abtained corresponding to the concentration of A at which the signal measurad for
C in absence of A is halved. Provided K ., the Kp of the reference molecule, is known, as well
as the total concentration ¢ of the reference molecule, the apparent K for the interaction A-
B can be obtained from following formula: Ky =1Ceso/{ 1+Cret/ Kpser). Note that if ¢er << Kp 1or, Kp &
tCsp. Provided the measurement of the ICsq is performed in a consistent way (e.g. keeping Cry
fixed) for the binders that are compared, the strength or stability of a molecuiar interaction
can be assessed by the 1Cy; and this measurement is judged as equivalent to Ky or 1o apparent
Kp throughout this text.

The half-life of an amino acid sequence, Nanohody, compound or polypeptide of the invention
can generally be defined as the time taken for the serum concentration of the amino acid
sequence, Nanobody, compound or polypeptide to be reduced by 50%, in vivo, for example
due to degradation of the sequence or compound and/or clearance or seguestration of the
sequence of compound by natural mechanisms. The in vivo half-life of an amino acid
sequence, Nanobody, 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 exampie generally involve the steps of suitably
administering to a warm-blooded animal (i.e. to a human or to another suitable mammal, such
as a mouse, rabbit, rat, pig, dog or a primate, for example monkeys from the genus Macoca
{such as, and in particular, cynomolgus monkeys {Macaca fascicularis) and/or rhesus monkeys
(Macoce mulptta)) and baboon (Papio ursinus)) a suitable dose of the amino acid seguence,
Nanobody, compound or polypeptide of the invention; collecting bived samples or other
samples from said animal; determining the level or concentration of the amino acid seguence,

Nanobody, compound or polypeptide of the invention in said blood sample; and calculating,
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from (a plot of] the data thus obtained, the time until the level or concentration of the amino
acid seguence, Nanobody, compound or polypeptide of the invention has been reduced by
S50% compared 1o the initial level upon dosing. Reference is for example made to the
Experimental Part below, as well as {o the standard handbooks, such as Kenneth A et al.
{Chemical Stability of Pharmacettticals: A Handbook for Pharmacists} and Petars et al. {1996,
Pharmacokinete analysis: A Practical Approach), Reference is also made to Gibaldi M and
Perron D {1982, "Pharmacokinetics”, published by Marcel Dekker, 2nd Rev, edition).

As will aiso be clear to the skifled person {see for example pages 6 and 7 of WO 04/003019 and
in the further references cited therein}, the half-life can be expressed using parameters such as
the t1/2-alpha, t1/2-beta and the area under the curve [AUC). In the preéent specification, an
“increase in half-life” refers 10 an increase in any one of these parameters, such as any two of
these parameters, or essentially ali three these parameters. As used herein “increase in hali-
life” or “increased half-life” in particular refers to an increase in the t1/2-beta, either with or
without an increase tn the t1/2-alpha and/or the AUC or both,

tn the context of the prasent invention, “moduiating” or “to modulate” generally means either
reducing or inhibiting the activity of, or alternatively increasing the activity of, a target or
antigen, as measured using a suitable in vitro, celiular or in vivo assay. In particular,
“modulating” or “to modulate” may mean either reducing or inhibiting the activity of, or
alternatively increasing a {relevant or intended) biological activity of, a target or antigen, as
measurad using a suitable invitro, celiufar or in vivo assay (which will usually depend on the
target or antigen involvad), by at jeast 1%, preferably at least 5%, such as at teast 10% or at
least 25%, for example by at least 50%, at least 60%, at least 70%, at least 80%, or 90% or
maore, compared 1o activity of the target or antigen in the same assay under the same
cangditions but without the presence of the aming acld sequence, Nanobody, polypeptide,
compound or construct of the invention.

As will be clear to the skilled person, “modutating” may also invoive effecting a change {which
may either be an increase or a decrease) in affinity, avidity, specificity and/or selectivity of a
target or antigen for one or mare of its ligands, binding partners, partners for association into a
homomultimeric or heteromultimeric forrm, or substrates; and/or effecting a change (which
may either be an ihcraase or 3 decraase) in the sensitivity of the target or antigen for one or
more conditions in the medium or surroundings in which the targst or antigen is present {such
as pH, ion strength, the presence of co-factors, etc.], compared to the same conditions but
without The presence of the amino acid sequence, Nanobody, polypeptide, compound or

construct of the invention. As wili be clear te the skilled person, this may again be determined
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in any suitable manner and/er using any suitable assay known per se, depending on the target
or antigen involved.

“Modulating” may also mean effecting a change (i.e. an activity as an agonist, as an antagonist
ar as & reverse agonist, respectively, depending on the target or antigen and the desired
biological or physiological effect) with respect to one or more biologicat or physiological
mechanisms, effects, responses, functions, pathways or activities in which the target or
antigen (or in which its substrate(s), ligand{s) or pathway(s) are invclved, such as its signalling
pathway or metabolic pathway and thelr associated biologicat or physiological effects) is
involved. Again, as wili be clear to the skiled person, such an action as an agonist or an
antagonist may be determined in any suitabie manner and/or using any suitable (in vitro and
usually cellular or in assay) assay known per se, depending on the target or antigen invoived. In
particular, an acticn as an agonist or antagonist may be such that an intended biological or
physiclogical activity is increased or decreased, respectively, by at least 1%, preferably at feast
5%, such as at least 10% or at least 25%, for example by at least 50%, at least 60%, at least
70%, at least 80%, or 90% or more, compared to the biological or physiological activity in the
same assay under the same conditions but without the presence of the amino acid sequence,
nanobody, polypeptide, compound or construct of the invention.

Modulating may for example also involve allosteric modulation of the target or antigen; and/or
reducing or inhibiting the binding of the target or antigen to one of its substrates or ligands
aﬁd;‘or compating with a natural ligand, substrate for hinding to the target or antigen.
Maodulating may also involve activating the target or antigen or the mechanism or pathway in
which it is involved. Moduiating may for example also invelve effecting a change in respect of
the folding or confirmation of the target or antigen, or in respect of the ability of the target or
antigen to fold, to change its canfirmation (for example, upon binding of a ligand}, to associate
with other {sub}units, or to disassociate. Modulating may for example also Involve effecting a
change in the abifity of the {arget or antigen to transport other compounds or to serve as a
channel for other compounds (such as ions).

Modulating may he reversible ot irreversible, but for pharmaceutical and pharmacological
purposes will usually be in a reversible manner.

In the context of the present invention, “modulating” or “to modulate” generally means
exercising an agonistic or antagonistic effect, respectively, with respect to IL-6, IL-6R and/or
the hiological pathways, responses, signalling, mechanisms or effects in which 1L-6 and/or IL-6R
is involved. In particular, “medulating” or “to modulate” may mean either an agonistic or
antagonistic effect (i.2. a full or partial agonistic or antagonistic effect, respectively}, as

measured using a suitable in vitro, celiular ar in vivo assay {(such as those mentioned herein},
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that teads to a change in a relevant parameter by at least 1%, preferably at least 5%, such as at
faast 10% or at least 25%, for example by at ieast 50%, at least 60%, at least 70%, at least 80%,
or 50% or more, comparead to the same parameter in the same assay under the same
conditions but without the presence of the amino acid sequence, Nanobody, polypeptide,
compeund or construct of the invention.

In the context of the present invention “modulating, inhibiting and/or preventing binding of
the IL-5/IL-6R complex to gpd 30" means that the amino acid sequences, Nancbodies,
polypeptides, compounds or constructs of the present invention bind to the specific epitope
on iL-6R {i.2. as such or as present in the [-6/IL-6R complex) in such a way that the formation
of the IL-6/IL-6R complex is affected, inhibited andfor prevented {e.g. fully or partially
disruptad} in such & way that the binding of the complex 1o - e.g. its affinity for - gp130 is
reduced, inhibited and/or prevented {or reversely, that the binding of gp 130 to - e.g. its
affinity for — the comptex is reduced, inhibited andfor prevented), so that the signaling
induced/mediated by the kinding of the complex to gpi30 is modulated {e.g. reduced,
inhibited and/or prevented) compared to the formation of the complex and its binding to
gp130 without the presence of the amino acid sequence, Manobodies,polypeptide, compound
or construct of the invention.

in respect of a target or antigen, the tarm “interaction site” on the target or antigen means a
site, epitope, antigenic determinant, part, domain or stretch of amino acid residues on the
target or antigen that is a site for binding to a ligand, receptor or other binding partner, a
catalytic site, a cleavage site, a site for aliosteric interaction, a site Invelved in mulfimerisation
{such as homomerization or heterodimerizationj of the target or antigen; or any other site,
epiiope, antigenic determinant, part, domain or-stretch of amino acid residues on the target or
antigen that is involved in a biclogical action or mechanism of the target or antigen. More
generally, an “interaction site” can be any site, epitope, antigenic determinant, part, damain or
stretch of aming acid residues on the target or antigen to which an amino acid seguence,
Manobody, polypeptide, compound or construct of the invention can bind such that the target
or antigen {and/or any pathway, interaction, signalling, biological mechanism or biological
effect in which the target or antigen is involved) is modulated {as defined herein).

A “stretch of amino aoid residues” means two or more amino acid residues that are adjacent to
gach other or in close proximity to each other, i.e. in the primary or tertiary structure of the
aming acid sequence. in the context of the present invention, the “stretch of amino acid
residues” will be {at least partially) responsible for the binding of the amino acld sequence,
Nanobody, polypeptide, compotnd or construct of the invention to its specific epitope on iL-

ER.
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An aminc acid seguence, Nanobaody, polypeptide, compound or construct is said to be “specific
for” a first target or antigen compared to a second target or antigen when it binds to the first
antigen with an affiniiy {as described above, and suitably expressed as a Kp, value, K, vaiue, Koy
rate and/or K, rate} that is at least 10 times, such as at ieast 100 times, and preferably at least
1000 times, and up to 10.000 times or more better than the affinity with which said amino acid
sequence, Nanobody, polypeptide, compound or construct binds to the second target or
polypeptide. For exampie, the first amino acid sequance, Nanobody, polypeptide, compoung
ar construct may bind to the target or antigen with a Kp value that is at least 10 times jess, such
as at least 100 times iess, and preferably at least 100G times less, such as 10.000 times less or
even less than that, than the K, with which said amino acid sequence, Nanobody, polypeptide,
compound or construct binds £o the second target or polypeptide. Preferably, when an amino
acid sequence, Nanobody, polypeptide, compound ar construct is “specific for” a first targat or
antigen compared to a second target or antigen, it is directed against {as defined herein) said
first target or antigen, but not directed against said second target or antigen,

An amino acid sequence or Nanobody of the invention {as well as compaunds, constructs and
nolypeptides comprising the same) is “cross-reactive” with iL-6R from two different species
{i.e. a first species and a second species} means that the amino acid sequence or Nanobody of
the invention (as weli as compounds, canstructs and polypeptides comprising the same) binds
to iL-6R from a second species with an affinity (suitably measured and/or expressed as a Ke-
value (actual or apparent), a Ka-value (actual or apparent), a ke,-rate and/or a g rate, or
alternatively as an 1Cyg value, as further described hergin) that is the same or at least 70%
(preferably at least 8G%, more preferably at least 90%, or even more preferably at least $5%j)
of the affinity with which said amino acid sequence or Nanobody of the invention (as well as
compounds, constructs and polypeptides comprising the same} binds to IL-6R from a first
species.

As further describad herein, the total number of amino acid residues in a Nanobody can be in
the region of 110-12G, Is preferably 112-115, and is most preferably 113. It should however be
noted that parts, fragments, analogs or derivatives (as further described herein) of 2 Nancbody
are not particularly limited as to their length and/or size, as long as such parts, fragments,
analogs or derivatives meet the further requirements outlined herein and are also preferably
suitabie for the purposes described herein;

The amino acid residues of a Nanobody are numbered according to the general numbering for
Vy, domains given by Kabat et al. {“Sequence of proteins of immunological interest”, US Public
Health Services, NIH Bethesda, MD, Publication No. 81}, as applied to Vi, domains from

Camelids in the article of Rischmann and Muyldermans {2600, L immunol. Methods 240 {1-2);
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185-195; see for example Figure 2 of this publication); or referred to herein. According to this
numbering, FR1 of a Nanobody comprises the amino acid residues at positions 1-30, CBR1 of a
Nanobody comprises the amino acid residues at positions 31-35, FR2 of a Nanobody comprises
the amino acids at pesitions 36-49, CDR2 of a Nanebody comprises the amino acid residues at
positions 50-65, FR3 of a Nancbody comprises the amine acid residuss at positions 66-94,
CDR3 of a Nanobody comprises the aming acid residues at positions 95-102, and FR4 of a
Nanobody comprises the amino acid residues at positions 103-113. {in this respect, it shouid
be noted that - as is weli known in the art for v, domains and for Vi, domains - the total
number of amino acid residues in each of the CDR's may vary and may not correspond o 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 atiowed for by
the Kabat numbering). This means that, generalty, the numbering according to Kabat may or
may not correspond 1o the actual numbering of the amino acid residues in the actual
sequence. Generally, however, it can be said that, accerding to the numbering of Kabat and
irrespective of the number of amina acid residues in the CDR’s, position 1 according to the
Kabat numbering corresponds to the start of FRI and vice versa, position 36 according to the
Kabat numbering corresponds to the start of FR2 and vice versa, position 66 according to the
Kabat numbering corresponds to the start of FR3 and vice versa, and position 103 according to
the Kabat numbering corresponds to the start of FR4 and vice versa.].

Alternative methods for numbering the amino acid residues of Vi domains, which methods can
also be applied in an analogous manner 10 V. domains from Camelids and to Nanobodies, are
the method described by Chothia et al. (1989, Na{ure 342: 877-883), the so-called "AbM
definition” and the so-cailed “contact definition”. However, in the present description, claims
and figures, the numbering according to Kabat as appiied to Vy, domains by Riechmann and
Muyldermans will be followed, unless indicated otherwise; and

The Figures, Sequence Listing and the Experimental Part/Exampies ara only given to further
illustrate the invention and shoutd not be interpreted or construed as limiting the scope of the
invention and/or of the appended claims in any way, unless expiicitly indicated otherwise
herein.

The present invention provides stretches of amino acid residues {SEQ D NO's: 80-8Z, SEQ.ID

NE's: 84-91 and SEQ, 1D NO's: 93-95) that are particularly suited for binding to IL-6R. These stretches

of amino acid residues may be present in, and/or may be incorporated into, an amino acid seguence

of the invention, in particular in such a way that they form (part of} the antigen binding site of the

amino acid sequence of the invention. These stretches of aming acid residues have been generated
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as CDR sequences of heavy chain antibodies ar Vyu; sequences that were raised against the IL-6R and
that were further affinity matured (see E_xample section) to further increase their affinity for binding
to IL-GR as well as other properties such as their efficacy and/or potancy, and/or their selectivity, in
addition to their capacity to partially or totally block the IL-6/11-BR interaction, and/or inhibit
sighalization through, iL-6, IL-8R and/or the IL-6/IL-BR complex. Thase stretches of amino acid
residues are also referred fo herein as “CDR sequences of the invention” {L.e. as “CDR1 sequences of
the invention”, "CDR2 sequences of the invention” and “CDR3 sequences of the invention”,
respectively).

it should however be noted that the invention in its broadest sense is hot limited to a specific
structural rote or function that these stretches of amino acid residues may have in an amino acid
sequence of the invention, as long as these stretches of amino acid residues allow the amino acid
seqguence of the invention to bind to IL-BR. Thus, generally, the invention in its broadest sense
provides amino acid sequences that are capabie of binding to [L-6R with & certain specified affinity,
avidity, efficacy and/or potenty in addition to their capacity to partially or totally biock the IL-6/1L-6R
interaction, and/or inhibit signaiization through, IL-6, {L-6R and/or the IL-6/1L-6R compiex and that
comprises one or more CDR sequences as described herein and, in particular a suitable combination
of two or more such CDR sequences, that are suitably linked to each other via one or more further
amino acid sequences, such that the entlre aming acid sequence forms a binding domain and/ar
binding unif that is capable of binding to IL-6R. It should however also be noted that the presence of
only one such COR seguence in an amino acid sequence of the invention may by itself alveady be
sufficient to provide the amino acid seguence of the invention the capacity of binding to [L-GR;
reference is for example again made to the so-called “Expedite fragmenis” described in WO
03/050531.

Thus, in a specific, but non-limiting aspect, the amino acid sequence of the invention may
comprises at least one siretch of amine acid residues that is chosen from the group consisting of:

- the CDR1 sequences:
ay SEQ ID NQ's: 80-82; or
b} a stretch of amino acid residuas that has no more than 2, preferably no more than 1 amino

acid difference with one of SEQ ID NO’s: 80-82, provided that the amino acid seguence

comprising said stretch of amino acid residues binds 1L-6R with the same, about the same, or

a higher affinity compared to the amino acid sequence comprising said stretch of amine acid

residues Without the 2 or 1 amino acid difference, said affinity as measured by surface

plasmon resonance;

and/or

- the CDR2 sequences:
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¢} SEQID NO's: 84-91; or
d} a stretch of amino acid residues that has no more than 2, preferably no more than 1 amino
acld difference with ane of SEQ ID NO's: 84-91, provided that the amino acid sequence
comprising said stretch of amino acid residues binds $-6R with the same, about the same, or
a higher affinity compared to the amino acid sequence comprising said stretch of amino acid
residues without the 2 or 1 amine acid difference, said affinity as measured by surface
plasmon resonance;
and/or
- the CDR3 sequences:
e} SEQID NO's: 93-95; or
f) astretch of amine acid residues that has no more than 2, preferably no more than 1 aming
acld difference with one of SEQ 1D NO's: 03-95, provided that the amino acid sequence
comprising said siretch of amino acid residues binds IL-6R with the same, about the same or
a higher affinity compared to the amino acid sequence comprising said stretch of amino acid
residues without the 2 or 1 amino acid difference, said affinity as measured by surface
plasmon resonance.
in particular, an amino acid sequence of the invention may be an amino acid sequence that
comprises at least one antigen binding site, wherein sait! antigen binding site comprises at least one
stretch of amino acid residues that is chasen from the group consisting of the CDR1 sequences, CDR2
sequences and CDR3 sequences as described above (or any suitable combination thereof). in 2
preferred aspect, however, the aming acid sequence of the invention comprises mare than ong, such
as two or more stretches of aming acid residuees chosen from the group consisting of the CDR1
seguences of the invention, the CDR2 sequences of the invention and/or the CDR3 sequences of the
invention.
Accordingly the present invention also relates to amino acid seguences that comprises two or
more siretches of amine acid residues chosen from the following:
- the CDR1 sequences
a) SEQ ID NO's: 80-82; or
b} a stretch of amino acid residues that has no more than 2, preferably no more than 1 amino
acid difference with one of SEQ 1D NO's: 80-82, provided that the amino acid sequence
comprising said stretch of amine acid residuas binds IL-6R with the same, about the same or
a higher affinity compared to the amino acid sequence comprising said stretch of aminag acid
residues without the 2 or 1 amino ackd difference, said affinity as measured by surface
plasmon resonance;

and/for
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- the CDR2 sequences

¢} SEQID NO’s: B4-91; or

d) a stretch of amino acid residues that has no more than 2, preferably no more than 1 amino
acid differance with ane of SEQ ID NQ's: 84-81, provided that the amine acid sequence
comprising said stretch of amino acid residues binds IL-6R with the same, about the same, or
a higher affinity compared to the amino acid sequence comprising said stretch of amino acid
residues without the 2 ar 1 amino acid difference, said affinity as measured by surface
plasmon resonance;

and/or

- the CDR3 sequences

e} SEQ 1D NO's: 93-95; or

f} astretch of amino acid residues that has no more than 2, preferably no more than 1 amino
acid difference with one of SEQ 1D NO's: 93-85, provided that the amino acid saguence
comprising said stretch of aminc acid residues binds [L-6R with the same, about the same, or
a higher affinity compared te the amino acid sequence comprising said stretch of amino acid
residues without the 2 or 1 amino acid difference, said affinity as measured by surface
plasmon resonance.

such that (i) when the first stretch of amino acid residues corresponds to one of the amino acid

sequences according to a), or b), the second stretch of amino acid residues corresponds to one

of the amino acid sequences according to ¢, d}, e} or f); {ii} when the first stretch of amino acid

rasidues corresponds to one of the amine acid sequences according to ¢} or d}, the second

stretch of amino acid residues corresponds 10 one of the amino acid sequences according to a),

b}, e} or f); or (iii) when the first stretch of amino acid residues corresponds to one of the amino

acid sequencas according to e} or f}, the second stretch of amino acid residues corresponds to

one of the amino acid seguences according to a}, b), ¢} or d}.

In a specific aspect, the present invention also relates to amino acid sequences that comprises

three or more stretches of amino acid residues, in which the first stretch of aming acid residues is

chosen frem the following CDR1 sequences:

a} SEQ ID NO's: B0-82; or

b) a stretch of amine acid residues that has no more than 2, preferably no mere than 1 amino
acld difference with one of SEQ 1D NO's: 80-82, provided that the aming acid sequance
comprising said stretch of amine acid residues binds F-6R with the same, about the same, or
a higher affinity compared to the amino acid sequence comprising said stretch of amino acid
residues without the 2 or 1 amino acid difference, said affinity as measured by surface

plasmon resonance;
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the second stretch of amino acid residues is chosen from the following CDR2 sequences:

€) SEQID NO’s: 84-91; or

d) & stretch of amino acid residues that has ac more than 2, preferably no more than 1 amino
acid difference with one of SEQ 1D NO's; 84-91, provided that the amino acid sequence
comprising said stretch of amino acid residues binds iIL-GR with the same, about the same, or
a higher affinity compared o the amine acid sequence comyrising said stretch of amino acid
residues without the 2 or 1 aming acld difference, said affinity as measured by surface
plasmon resonance;

and the third stretch of amino acid residues is chosen from the following CDR3 sequences:

e) SEQID NO’s: 93-95; or

f} a stretch of amino acid residues that has no mere than 2, preferably no more than 1 amino
acid difference with one of SEQ 1D NO's: 93-85, provided that the amino acid sequence
comprising said stretch of amine acid reéidues binds IL-6R with the same, about the same, or
a higher affinity compared to the amino acid sequence comprising said stratch of amino acid
residues without the 2 or 1 amino acid difference, said affinity as measured by surface
plasmon resonance.

As deseribed herein, the present invention also encompasses amino acid sequences that
comprise one or more stretches of amino acid residues that have no more than 2, preferably no
more than 1 arnino acid difference with one of the stretches of amino acid residues specified in a}, ¢}
and/or e}, i.e. with ane of the specified CDR1 sequences {i.e. with ane of SEQ 1D NO's: 80-82), with
one of the specified CDR2 sequences {i.e, with one of SEQ 1D NO’s: 84-91) and/or with one of the
specified COR3 sequences (i.e. with one of SEQ 1D NO's: 93-95).

The term “amino acid difference” refers to an insertion, deletion or substitution of a single
armino acid residue on a pasition of the stretch of amino acid residues [or COR sequence) specified in
b}, d) or f}, compared to the streich of amino acid residues (or CDR sequence) of respectively a), c) or
a); it being understood that the stretch of amino acid residues {or COR sequence} of b}, d} and ) can
contain one or maximal two such amino acid differences compared to the stretch of amino acid
'residues of respeciively a), ¢) or e}.

The "amine acid difference” can be any one or maximal two substitutions, deletions or

-insertions, or any combination thereof, that either improve the properties of the amino acid

sequence of the invention or that at least do not detract too much from the desired properties or
from the balance or combination of desired properties of the amino acid sequence of the invention.
In this respect, the resulting aminoc zcid sequence of the invention should at least bind iL-6R with the

same, about the same, or a higher affinity compared to the aming acid seguence comprising the one
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or more stretches of amino acid residues without the one or maximal two substitutions, deletions or
insertions, said affinity as measured by surface plasmon resonarnce.

For example, and depending on the host organism used £o express the amino acid sequence of
the invention, such deletions and/or substitutions may be designed in such a way that one or more
sites for post-translational modification (such as one or more glvcosylation sites) are removed, as will
be within the ability of the person skilied in the art.

ln a preferred aspect of the invention, the “aming acid difference” is an amino acid
substitution. The amino acid substitution may be any one or maximal two substitutions that efther
improve the properties of the amino acid sequence of the invention or that at least do not detract
too much from the desived properties or from the balance or combination of desired properties of
the amino acid sequence of the invention. in this respect, the resulting amino acid sequence of the
invention should at least bind 1L-6R with the same, ahout the same, or a higher affinity compared to
the amino acid sequence comprising the one or more stretches of amino acid residues without the
one or maximal two substitutions, said affinity as measured by surface plasmon resenance.

The amino acid substitution in the ane or more stretches of amino acid residues may be a
conservaiive amine acid substitution. “Conservative” amino acid substitutions are generaily aming
acid substiiutions in which an amino acid residue is replaced with another aming acid residue of
similar chemical structure and which has little or essentially no influence on the function, activity or
other biclogical properties of the resulting amino acid sequence. Such conservative amino acid
substitutions are well known in the art, for example from W0 04/03799%, GB 33577584\, wWo
98/49185, WO 00/46383 and WO 01/09300; and (preferred) types and/or combinations of such
substitutions may be selected on the basis of the pertinent teachings from WO 04/037399 as well as
WO 98/49185 and from the further references cited therein.

Such conservative substitutions preferably are substitutions in which one amino acid within
the following groups (&) — (e) is substituted by another amino acid residue within the same group: (a)
small aliphatic, nonpolar or slightly polar residues: Ala, Set, Thr, Pro and Gly; {b} polar, negativeiy
charged rasidues and their (uncharged) amides: Asp, Asn, Glu and Gin; {c) pelar, positively charged
resicdues: His, Arg and Lys; {d) large aliphatic, nonpotar residues: Met, Leu, lte, Val and Cys; and (e)
aromatic residues: Phe, Tyrand Trp.

Particularly preferred conservative substitutions are as follows: Ala into Gly cr into Ser; Arg
into tys; Asn into Gin or into His; Asp into Glu; Cys into Ser; Gln into Asn; Giu inta Asp; Gly into Ala or
into Pro; His into Asn or inte Gln; lle info Leu or into Val; Leu into lle or inte Val; Lys into Arg, into Gin
or into Giu; Met into Leu, into Tyr or into lle; Phe into Met, into Leu or into Tyr; Serinta Thr; Thr into

Ser; Trp into Tyr; Tyrinto Trp; and/or Phe inte Val, into lie o7 into Leu.
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In another aspect of the invention, the amino acid substitutions in the one or more stretches of

amino acid residues may providesthe amino acid sequence with increased afinity for binding to k-

6R. This may be done by technigues such as random or site-directed mutagenesis and/or other

technigues for affinity maturation known per se, such as e.g. described in WO 05/0040565, WO

2009/004066, WO 05/003345, WO 06/023144, EP 527809, EP 397834,

Without being fimiting, rules {partly or fully followed) for substitutions of amino acid residues

in the CDRs may be as foliows (i.e. substitution with amino acids with similar side chain chemistries);

K is substituted by R;

R is substituted by K;

Ais substituted by SorT;
S is substituted by AorT;
T is substituted by A or S;
1is substituted by L or V;
Lis substituted by 1 orv;
V is substituted by L or L;
Eis substituted by Y;

Y is substituted hy F;

N is substituted by D;

D is substituted by N;

Q is substituted by E;

E is substituted by Q;

G is substituted by A;

M is substituted by L;

H, C, W and F are kept constant.

Furthermore, and also without being limiting, the rules (partly or fully followed) for

substitutions of amine acid residues in the CDRs may be alternatively as follows for substitutions at

positlons 27 to 35 and positions 50 to 58 {using Kabat numbering system),

wherein for positions 27 to 35:

Original amino acid residue in position 27 {Kabat numbering used) is substituted by F; G; R; §; 2
outof F, G, R, 5; 3outof F, G, R, §; or all of them, preferably all of them;

Orlginal amine acid residue In position 28 (Kabat numbering used) is substituted by A; 1 §5; T; 2
outof A, 1,5, T;3outof A, 4, 5, T; or all of them, preferably all of them;

Original aming acid residue in position 29 (Kabat numbering used) is substituted by F; G; 1, $; 2

outof F, G, L, S; 3outof £, G, L, §; or all of them, preferably all of themy;
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Original amino acid residue in position 30 {(Kabat numbering used) is substituted by D; G; §; T; 2
outofD, G, 8, T; 3out of B, G, §, T; or all of them, preferably all of them;

Original amino acid residue in pesition 31 {Kabat numbering used) is substituted by D; ; N; §; T;
2outof DL N,5 T; 3outof D, |, N, §, T, or all of them, preferably ali of them;

Criginal amino acid residue in position 32 {Kabat numbering used) is substituted by D; N;Y; 2
out of D, n, ¥ or all of them, preferably all of them;

Criginal amino acid residue in position 33 (Kabat numbering used) is substitfuted by A; G; T; V; 2
outof A, G, T,V; 3 out of A, G, T, V; or all of them, preferably all of them;

Original amino acid residue in position 34 {¥abat numbering used) is substituted by |; M; or alt
of them, preferabiy &l of thermn;

Original amino acid residue in position 35 (Kabat numbering used) is substituted by A; G; §; 2

out of A, G, §; or all of them, preferably ali of them;

and positions 50 to 58 if original amino acid sequence has an amino acid sequence in position 52a

{Kabat numbering usedj,

Original amino acid residue in position 50 {Kabat numbering used)} is substituted by A; G, G; §;
T, 20utof A C G 5 T;30utofA, C G, S, T doutofA, C G, S, T; or all of them, preferably ali
of them;

Original amino acid residue in position 51 (Kabat numbering used) is substituted by (;

Original amine acid residue in position 52 {Kabat numberting used! is substituted hy N; R; §; T3 2
outof N, R, S, T; 3outof N, R, S, T; or all of them, preferably all of them;

Original amino acid residue in position 52a (Kabat numbering used) is substituted by R; 5; T, W;
2outof R, S, T, W; 3outof R, S, T, W; or all of them, preferably ali of them;

Originat amino acid residua in position 53 {Kabat numbering used) is substituted by D; G; N; §;
T;2outof B, G, N,S, T, 30utof D, G, N, 5 T, 4out of D, G, N, 5, T; or all of them, preferably all
of them;

Originat amino acid residue in position 54 {Kabat numbering used) is substituted by D; G; or all
of them, preferably all of them;

Original aminp acid residue in position 55 (Kabat numbering used) is substituted by D; G; S; 2
out o D, G, §; or all of them, prefesably all of them;

Original amino add residue in position 56 (Kabat numbering used) is substituted by I: N; R; S; T;
2outofl, M, R, 5, T; 3outof L N, R, S, T; 5 out of , N, R, S, T; or all of them, preferably 2l of
them;

Original amino acid residue in position 57 (Kabat numbering used) is substituted by T;
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- Original amino acid residue in position 58 (Kabat numbering used) is substituted by D; H; N; §;
Y:Zoutof D, M, N, S, Y; Siout of D, K, N, S, Y. doutof D, H, N, §, Y; or all of them, preferably all
of them;

and wherein for positions 50 ta 58 if original amino acid sequence has not an amino acid sequence in

position 52a {Kabat numbering used),

- Original arnino acld residue in position 50 (Kabat numbering used} is substituted by A G R; S,
T;2outof A, G, RS, T, 30utof A, G, R S T 4outof A, G, R, S, T; or all of them, preferably all
of them;

- Original amino acid residue in position 51 (Kabat numbering used} is substituted hy §;

- Original amino acid residue in position 52 (Kabat numbering used) is substituted by N; S; T; 2
out of N, 5, T; or all of them, preferably all of them;

- Criginal amino acid residue in position 53 (Kabat numbering used) is substituted by \; B S T
Y;20utof N,R, S, T,Y; 3outof N, R, S, T, Y; 4out of N, R, S, T, ¥; or all of them, preferably all of
them;

- Criginal amino acld residue in position 54 (Kabat numbering used) is substituted by D; G; R; S; 2
outof ), G, R, §5; 3out of 3, G, R, §; ar all of them, preferably all of them;

- Criginal aming acig residue in position 55 (Kabat numbering used) is substituted by G;

- Original amino acid residug in position 56 (Kabat numbering used) is substitutad by G; N; R; S;
T;20utof D,N,R, S, T;30utofD, N, R, S, T; doutof D, N, R, S, T; or all of them, preferably all
of them;

Originat amina acid residue in position 57 {Kabat numbering used} is substituted by T,

- Original amino acid residue in position 58 {Kabat numbering used) is substituted by D; N, T, ¥; 2
outof D, N, T, Y: 3outof D, N, T, Y; or all of them, prefarably all of them.

after which ane or more of the potentially useful substitutions {or combinations thereof) thus

determingd can be introduced into said CDR sequence {in any manner known per se, as further

described herein) and the resulting amino acid sequence{s) can ‘be tested for affinity for 1L-6R, and/ar
for other desired properties such as the capacity to (partially or preferably totally) block the 1L-6/1L-

SR interaction and/or inhibit signafization thraugh, iL-5, IL-6R and/or the IL-6/IL-6R complex. In this

way, by means of a limited degree of trial and error, other suitable substitutions in the CBRs {or

suitable combinations thereof) can be determined by the skilled person based on the disclosure
herein.

The amino acid sequence of the invention may be any amino acid sequence that comprises at
least one streich of amino acid residues, in which said stretch of amino acid residues has an amino
acid sequence that corresponds to the seguence of at [east one of the CDR sequences defined herein.

Such an amino acid seguence may or may not comprise an tmmunoglobulin fold. For example, and
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without limitation, such an amino acid sequence may be a suitable fragment of an immunogiobulin
sequence that comprises at least one such CDR seguence {as defined above), but that is not large
enough to form a {complete) immunoglobulin fold (reference is for example again made 10 the
“Expedite fragments” described in WO 03/050531). Altarnatively, such an amino acid sequence may
be a suitable “protein scaffold” that comprises at least one stretch of amino acid residues that
corresponds to a COR sequence as defined herein for the amino acid sequences of the invention (i.e.
as part of its antigen binding site), Suitable scaffolds for presenting amino acid sequences will be
clear to the skilied person, and for example comprise, without limitation, to binding scaffolds based
on or derived frem immunoglobuling {(i.e. other than the immunogiobulin sequences already
described herein}, protein scaffoids derived from protein A domains {such as Affibodies™),
tendamistat, fibronectin, lipocalin, CTLA-4, T-cell receptors, designed ankyrin repeats, avimers and
PDZ domalns (Binz et ai_, 2005, Nat. Biotech,, 23: 1257}, and binding raoieties based on DNA or RNA
inctuding but not fimited to DNA or RNA aptamers (Ulrich et al., 2008, Comb. Chem. High Throughput
Screen 9{8): 619-32).
Again, any amino acid sequence of the invention that comprises one or more of the DR sequences
as defined herein for the amine acid sequences of the invention (i.e. “CDR of the invention™) is
prefetably such that it can spacificaily bind {as defined hereinj to IL-6R, and more in particular such
that it can bind to L-6R with an affinity {suitahly measured and/or expressed as a Kp-value {(actual or
apparent), a K,-vaiue {actual or apparent}, a k,,-rate and/or a kyrrate, or alternatively as an 1Cq
value, as further described herein), that is as defined hersin. Any amino acid sequence of the
invention that comprises one or mare of the CDR sequences as defined herein for the amino acid
seguences of the invention is preferably such that it has a cell based potency and a plasma patency
as defined herein.

Furthermore, it will also be clear to the skilled person that it may be possible to “graft” one
or more of the CDR’s defined herein for the amino acid sequences of the invention {i.e. “COR of the
inventian”) onto other “scaffolds”, including but not limited to human scaffolds or non-
immunoglobulin scaffolds. Suitable scaffalds and technigues for such CDR grafting will be clear ta the
skilled person and are well known in the art, see for example US 7,180,370, WO 01/27160, EP
0605522, EP 0460167, US 7,054,297, Nicaise et al. (2004, Protein Science, 13: 1882-1891), Ewert et
al. (2004, Methods, 34(2): 184-199), Kettleborough et al. (1991, Protein Eng. 4(7): 773-783), O'Brien
and Jones (2003, Methods Mol. Biol.207: 81-100),Skerra {2000, J. Mol. Recognit. 13: 167-187), and
Saerens et al. (2005, J. Mol. Biol. 352{3): 587-607), and the further references cited therein. For
example, technigues known per se for grafting mcuse or rat COR’s onto human frameworks and

scaffolds can be used in an analogous manner to provide chimeric proteins comprising one or more
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of the CDR sequences definsd herein for the amino acid sequences of the invention and one or more
human framework regions or saguencas.

Thus, in a specific aspect, the invention also encompasses chimeric amino acid sequences
comprising at least one CDR sequence chosen from the group consisting of CDR1 sequences of the
invention, CHR2 sequences of the invention and CDR3 sequences of the invention (defined herein for
the amino acid sequences of the Invention), Preferably, such a chimeric amine acid sequences
comprise at feast one COR sequence chosen from the group consisting of the CDR1 sequences of the
invention {defined herein for the amino acid sequences of the invention), and alsc at least one COR
sequence chosen from the groug consisting of the CDR2 sequences of the invention (defined herein
for the amino acid sequences of the invention); or at least one CDR seguence chosen from the group
consisting of the CDR1I sequences of the invention (defined herein for the amino acid seguences of
the invention) and at teast one COR sequance chosen from the group consisting of the CDR3
sequences of the invention (defined herein for the amino acid sequences of the invention); or such a
chimeric polypeptide may comyprises at jeast one CDR sequence chosen from the group consisting of
the CDR2 sequences of the invention (definad herein for the amino acid sequences of the invention}
and also at least one CDR sequence chosen from the group consisting of the CDR3 seguences of the
invention {defined herein for the amino acid sequences of the invention). For example, such a
chimeric polypeptide may comprise one CDR sequence choasen from the group consisting of the CDR3
sequences of the invention {defined hersin for the amino acid sequences of the invention), one CNR
seguence chosen from the group consisting of the CDR1 sequences of the invention (defined herein
for the amino acid sequences of the invention} and one CDR sequence chosen from the group
consisting of the CDR2 sequences of the invention {defined herein for the amino acid sequences of
the invention}. The combinations of CDR's that are mentioned herein as being preferrad for the
amino acid sequences of the invention {see Table A-1) will usualiy also be preferred for these
chimeric polypeptides,

In said chimeric polypeptides, the COR's may be linked to further amino acid sequences
sequences and/or may be linked to each ather via aming acid sequences, in which said amino acid
sequences are preferably framework sequences or are amino acid sequences that act as framework
sequences, or together form a scaffeld for presanting the CDR's.

According to one non-fimiting embodiment, the chimeric amino acid sequences comprises at
least two CDR sequences {defined herein for the amino acid sequences of the invention) linked via at
least one framework seauence, in which preferably at least one of the two CDR sequences is a CDR3
seguence, with the other CDR sequence being a COR] or CDR2 sequence. According to a preferred,
but non-limiting embodiment, the chimeric amino acid sequences comprise at least three COR

seqguences of the Invention (defined herein for the amino acid sequences of the invention) linked to
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at least two framework sequences, in which preferably at least one of the three CDR sequences is a
CDR3 sequance, with the other two CDR sequeances being CDR1 or CDR2 sequences, and preferably
being one CDR1 sequence and one CDR2 seguence. According to one specifically preferred, but non-
limiting ermbodiment, the chimeric amino acid sequences have the structure FR1' - CDR1 - FR2' -
CDR2 - FR3' - TDR3 - FRY, in which CDR1, CDR2 and CDR3 are as defined herein for the amino acid
sequences of the invention, and FRY, FR2’, FR3" and FR4’ are framework sequences, FR1', FRZ’, FR3’
and FR4' may in particular be Framework 1, Framework 2, Framework 3 and Framewaork 4 sequences,
respectively, of a human antibody (such as V,;3 sequences) and/or parts or fragments of such
Framework sequences. |t is also possibie to use parts or fragrments of a chimeric polypeptide with the
structure FR1" - CDR1 - FR2' - CDR2 - FR3’ - CDR3 - FR4'. Preferably, such parts or fragments are such
that they meet the criteria set out for the aminc acid sequences of the invention.

In such an amino acid seguence of the invention, the framework sequences may be any
suitable framework sequences, and examples of suitable framework sequences will be ciear tc the
skilled person, for example on the basis the standard handbooks and the further disclosure and prior
art mentioned herein,

The framework sequences are preferably {a suitable combination of} immunoglobulin
framework sequences or framework sequences that have been derived from immunoglobuiin
framework sequences (for example, by sequence optirization such as humanization or
camelization). For example, the framework sequences may be framework sequences derived from a
light chain variable domain {e.g. a V-sequence) and/or from a heavy chain variable domain (e.g. a V-
sequence). tn one particularly preferred aspect, the framework sequences are either framework
sequences that have been derived from a Vye-sequence (in which said framework seguences may
optionally have been partially or fuliy humanized) or are conventional V,, sequences that have been
camelized {as defined herein).

The framework seguences may preferably be such that the amine acid seguence of the
invention is & domain antibody (or an amino acid sequence that is suitable for use as & domain
antibody); is & single domain antibody {or an amino acid sequence that is suitable for use as a single
domain antibody}; is a "dAk" (or an amino acid saquence that is suitable foruse as a dAbji orisa
Nanobody {inciuding but not timited to Vi sequence). Again, suitable framework sequences will be
clear to the skilied person, for example on the basis the standard handbooks and the further
disclosure and prior art mentioned herein,

In particular, the framework sequences present in the amino acid sequences of the invention
may contain one or maore of Hallmark residues (as defined in WO 08/020079 (Tables A-3 to A-8}),
such that the amine acid sequence of the invention is a Nanobody. Some preferred, but non-limiting

exarmples of {suitable combinations of) such framewaork sequences will become clear from the further
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disciosure herein {see e.g. Tabie A-1}. Generally, Nancbodies {in particultar Vyy sequences and
{partially) humanized VHH seguences} can in particular be characterized by the presence of one or
more “Halimark residires” In one or more of the framework sequences (as e.g. further described in
WO 08/020079, page 61, kine 24 to page 98, line 3).

In a preferred aspect, the amino acid sequence of the invention comprises an
immunoeglobulin fold or is capable, under suitable conditions to form an immunoglobulin fold.
Preferably the amino acid sequence of the invention is an immunoglobulin sequence; and aven more

preferably the amino acid sequence of the invention has the structure of

FR1-CDR1-FRZ-CDR2-FR3-CDR3-FR4

Accordingly, the present invention also relates to an amino acid sequence which essentially
consists of 4 framework regions {FR1 to FRE, respectively) and 3 complemantarity datermining
regions {CDR1 1o CDR3, respectively), in which:

- CDR1is chosen from the group consisting of:

a} SEQID NO's: 80-82; or

b) a stretch of amino acld residues that has no more than 2, preferably no more than 1 amino
acid difference with one of SEQ ID NO’s: 80-82, provided that the amino acid sequence
comprising said stretch of amina acid residues binds IL-6R with the same, about the same, or

a higher affinity compared to the amino acid sequence comprising said stretch of amino acid

rasidues without the 2 or 1 amino acid difference, said affinity as measured by surface

plasmon resenance;

and/or

- CDR2 is chosen from the group consisting of:

c) SEQ 1D NO's: 84-91; or

d} a stretch of amino acid residues that has no more than 2, preferably no more than 1 amino
acld difference with one of SEQ 1D NO's: 84-91, provided that the amino acid saquence
comprising said stretch of amino acid residues binds IL-6R with the same, about the same, or

a higher affinity compared to the amine acid sequence comprising said stretch of amino acid

residues without the 2 or 1 amino acid difference, said affinity as measured by surface

plasmon resonance;
and/or
- CDR3 is chosen from the group consisting of:

e} SEQ 1D NO's: 93-95; or
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f) a stretch of amino acid residues that has no more than 2, preferably no more than 1 amino
acid difference with one of SEQ ID NO's: 93-85, provided that the amino acid sequence
comprising said stratch of amino acid residues binds IL-6R with the same, about the same, or
a higher affinity caompared tc the amino acid sequence comprising said stretch of amino acid
residues without the 2 or 1 amino acid difference, said affinity as measured by surface
plasman resonance,
in this embodiment, the amino acid sequences comprise at lzast one {DR sequence chosen

from the group consisting of the CDR1 sequences of the invention (defined herein for the amino acid
sequences of the invention}, the CDR2 sequences of the invention (defined herein for the amino acid
seguences of the invention)n, or the CDR3 sequences of the invention (defined herein for the amino
acid sequences of the invention). Preferably the amine acid sequences comprise at least two CDR
secuence chosen from the groug consisting of the CDR1 sequences of the invention (defined herein
for the amino acid sequences of the invention], the CDR2 sequences of the invention {defined herein
for the amino acid sequences cf the invention}, or the COR3 sequences of the invention (defined
herein for fhe amino acid seguences of the invention), such as at least one CDR sequence chosen
from the group consisting of the CDRZ sequences of the invention {defined herein for the amino acid
sequences of the invention} and at least one CDR sequence chosen from the group consisting of the

£DR2 seguences of the Invention (defined herein for the amino acid sequences of the invention); or

at least one CDR sequence chosen from the group consisting of the CDR1 sequences of the invantion

. {defined herein for the amino acid sequences of the invention} and at least one CDR sequence

chosen from the group consisting of the CDR3 sequences of the invention [defined herein for the
amine acid sequences of the invention); or at teast one CDR sequence chosen from the group
consisting of the CDR2 seguences of the invention {defined herein for the aminoc acid sequences of
the invention] and at least one COR sequence chosen from the group consisting of the CDR3
seguances of the invention {defined herein for the amino acid seguences of the invention); or such a
amino acid seguence may comprises three CDR segquence chasen from the group consisting of the
CDR1 sequences of the invention (defined herein for the amino acid sequences of the invention),
CDR2 sequences of the invention (defined herein for the amino acid sequences of the invention) and
the CDR3 sequences of the invention (defined herein for the amino acid sequences of the invention),
The invention thus aiso relates to an amino acid sequence which essentially consists of 4 framework
regions (FR1 to FR4, respectively) and 3 complementarity determining regions (CDR1 to CDR3,
respectively), in which:

- CDRLis chosen from the group consisting of:

a) SEQID NO's: 80-82; or
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b} a stretch of amino acid residues that has no more than 2, preferably no more than 1 amino
acid difference with one of SEQ 1D NO's: 80-82, provided that the amino acid sequence
comprising said stretch of amino acid residues binds IL-6R with the same, about the same, or
a higher affinity compared to the amino acid sequence comprising said stretch of amino acid
residues without the 2 or T amino acid difference, said affinity as measufed by surface
plasmoen resonance;

and

- {DR2is5 chosen from the group consisting of:

ch SEQ D NQ’s: 84-91; or

d) a stretch of amino acid residues that has no more than 2, preferably no move than 1 amino
acid difference with one of SEQ 1D NO's: 84-91, provided that the amino acid sequence
comprising said stretch of amino acid residues binds IL-6R with the same, sbout the same, or
a higher affinity compared to the amino acid sequence eomprising said stretch of amino acid
residues without the 2 or 1 aminao acid difference, said affinity as measured by surface
ptasmon resgnance;

and

- CDR3 is chosen fram the group consisting of:

e) SEQ 1D NO's: 93-85; or

f} astretch of amine acid residues that has no more than 2, preferably no mare than 1 amino
actd difference with one of SEQ D NO's: 93-95, provided that the amino acid sequence
comprising said stretch of amino acid residues binds IL-6R with the same, about the same, or
a higher affinity compared to the amino acid seguence comprising said stretch of amino acid
residues without the 2 or 1 amino acid difference, said affinity as measurad by surface
plasmon resonance.

Preferred combinations of CDR seguences for the amino acid sequences of the invention are
shown in Table A-1.

The amino acid seguences of the invention may essentiaily consists of a heavy chain variable
domain sequence that is derived from a conventional four-chain antibody or may essentially consist
of a heavy chain variable domain sequence that is derived from heavy chain antibody, The aming acid
seguences of the inventicn may essentially consists of a domain antibody {or an amino acid sequence
that is suitabie for use as a domain antibody), of a single domain antibody {or an amino acid
sequence that is suitable for use as a singie domain antibody), of a "dAb” [or an amino acid sequence
that is suitable for use as a dAb) or of a Nanobody,

For a general description of {single) domain antibodies, reference is also made to the prior art

cited above, as well as to EP 0368684, For the term “dAk’s”, reference is for example made to Ward
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et al. {1989, Nature 341: 544-6), to Holt et al. (2003, Trends Biotechnol, 21: 484-450); as well as to for

example WO 06/030220, WO 06/003388 and other published patent applications of Domantis Ltd.. It
shouid also be noted that, although less preferred in the context of the present invention because
they are not of mammalian origin, singie domain antibodies or single variable domains can be
derived from certain species of shark (for example, the so-called “lgNAR domains®, see for example
WO 05/18629),

In particular, the amino acid sequence of the invention essentiafly consists of or may be a
Nanohody?® (as defined herein} or a suitable fragment thereof. [Note: Nanobody® Nonobodies® and
Nanoclone® are registered trademarks of Ablynx N.V.J Such Nanobodies directed against IL-6R will
also be referred to herein as “Nanobodies of the invention”,

For a general description of Nanchodies, reference is made to the further description below, as
well as to the prior art cited herein, such as e.g. described in WO 08/020079 {page 16,

in g specific aspact, the amino acid sequance or Nanobody of the invention comprises at least
SEQ 1D NO: 80; or a stretch of aming acid residues that has no more than 2, preferably no more than
1 amino acid difference with SEQ {D NO: 80, provided that the amino acid sequence comprising said
stretch of amino acid residues binds 1L-6R with the same, about the same, or a higher affinity
compared o the amina acid sequence comprising said stretch of amino acid residues without the 2
or 1 amino acid difference, said affinity as measured by surface plasmaon resonance.,

In another specific aspect, the amino acid sequence or Nanobody of the invention comprises at
least a stretch of amino acid residues chosen from SEQID NO's: B4, 89 or 91; oy a strefch of amin.o
acid residues that has no more than 2, preferably no more than 1 amino acid difference With ane of
SEQ D NO's: 84, 89 or 91, provided that the amino acid sequence comprising said stretch of amino

acid residues binds {L-6R with the samae, about the same, or a higher affinity compared to the amino

acld sequence comptising said stretch of amino acid residues without the 2 or 1 amino acid

difference, said affinity as measured by surface plasmon resonance.

In yet another specific aspect, the amino acid sequence or Nanebody of the invention
comprises at feast SEQ 1D NO: 84; or a stretch of aminoe acid residues that has no more than 2,
preferably no more than 1 amino acid difference with SEQ 1D NQ: 84, provided that the amine acid
sequence comprising said stretch of amino acld residues binds 1L-6R with the same, about the same,
or a higher affinity compared to the amino acid sequence comgprising said siretch of amino acid
residues withaut the 2 or 1 amino acid difference, said affinity as measured by surface plasmon
resonance.

In yet another specific aspect, the amino acid sequence or Nanobody of the invention
comprises at least a stretch of amino acid residues chosen from SEQ D NQ's: 93-94; or a stretch of

amino acid residues that has no more than 2, preferably no more than 1 aminoe acid difference with
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one of SEQ ID NO's: 93-94, provided that the amino acid sequence comprising said stretch of amino
acid residues binds H-6R with the same, about the same, or a higher affinity compared to the amino
acid sequence comprising said stretch of amino acid resldues without the 2 or 1 amino acid
difference, said affinity as measured hy surface plasman resenance.

in yet another specific aspect, the amino acid sequence or Nanobody of the invention
comprises ai least SEQ 1D NO: 93; or a streich of amino acid residues that has no more than 2,
preferably no more than 1 amino acid difference with SEQ 1D NO: 93, provided that the amino acid
sequence comprising said sireteh of amino acid residues binds IL-6R with the same, ahout the same,
or a higher affinity comparad to the amino acid sequence comprising said streich of amino acid
residues without the 2 or 1 amino acid difference, said affinity as measured by surface plasmon
resonance.

in yet another specific aspect, the amino acid sequence or Nanobody of the invention
comprises at least SEQ 1D NO: 80; or a stretch of amino acid residues that has no more than 2,
preferably no more than 1 aminc acid difference with SEQ ID NO: 80; and at least a stretch of amino
acid residues chosan from SEQL 1D NO's: 84, 89 ar 9%; or a stretch of amino acid residues that has no
more than 2, preferably no more than 1 amino acid difference with one of SEQ 1D NQ's; 84, 83 or 91,
provided that the amino acid sequence comprising said stretches of amino acid residues binds 1L-6R
with the same, about the same, or a higher affinity compared 1o the amino acid sequence comprising
said stretches of amino acid residuses without the 2 or L amino acid difference, said affinity as
measured by surface plasmon resonance, 7

i yet another specific aspect, the amino acid seguence or Nanobody of the invention
comprises at least SEQ 1D NO: 80; or a stretch of amino acid residues that has no more than 2,
preferably no more than 1 aminec acid difference with SEQ ID NO: 80; and at least SEQ ID NO: 84; ora
stretch of amino acid residues that has nc more than 2, preferably no more than 1 aming acid
difference with SEQ ID NQ: 84, provided that the amino acid sequence comprising said stretches of
amino acid residues binds [L-6R with the same, about the same, or a higher affinity compared 1o the
amino acid sequence comprising said stretches of amino acid residues without the 2 or 1 amino acid
difference, said affinity as measured by surface plasmon resonance.

In yet another specific aspect, the aming acid sequence or Nanobody of the inventien
comprises at least SEQ 1D NO: 80; or a stretch of amino acid residues that has no more than 2,
preferably no more than 1 aming acid difference with SEQ 1D NO: 80; and at east a stretch of amine
acid residues chosen from SEQ ID NO's: 93-84; or a stretch of amino acid residues that has no more
than 2, preferably no more than 1 amine acid difference with one of SEQ ID NO's: 93-94, provided
that the amino acid sequence comprising said stretches of amino acid residues binds iL-6R with the

same, shout the same, or & higher affinity compared to the amino acid sequence comprising said
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stretches of amino acid residues without the 1 or 2 amino acid difference, said affinity as measured
by surface plasmon resonance.

in yet another specific aspect, the amino acid sequeance or Nanobady of the invention
comprises at least SEQ 1D NO: 80; or a stretch of amino acid residues that has no more than 2,
preferably no more than 1 amino acid difference with SEQ 1D NQ: 80; and at least SEQ ID NO: 93; or 2
stretch of amino acid residues that has no more than 2, preferably no more than 1 amino acid
difference with SEQ {D NO; 93, provided that the amino acid sequence comyrising said stretches of
amino acid residues binds iL-BR with the same, about the same, or a higher affinity compared to the
amino acid sequence comprising said stretches of amino acid residues without the 2 or § amino acid
difference, said affinity as measured by surface plasmon resonance.

In yet another specific aspect, the amino acid sequence or Nanobody of the invention
comprises at least a stretch of amino acid residues chosen from SEQ 1D NO’s: 84, 89, or 91; or a
stretch of amino acid residues that has no more than 2, preferably no more than 1 amino acid
difference with one of SEQ 1D NO’s: 84, 89, or 91; and at least a streteh of aming acid residues chosen
from SEQ ID NCO's: 93-94; or a stretch of amino acid residues that has no more than 2, preferably no
mére than 1 amino acid difference with one of SEQ 1D NO’'s: 93-94, provided that the amino acid
sequence comprising said stretches of amino acid residues binds I1L-6R with the same, about the
same, or a higher affinity compared to the amino acid sequence comprising said stretches of amino
acid residues without the 2 or 1 amino acid difference, said affinity as measured by surface plasmon
resohnance,

in yet another specific aspect, the amino acid sequence or Nanobody of the invention
comprises at least a stretch of amino acid residues chosen from SEQ ID NO's: 84, 89, or 91; or a
stretch of amino acid residues that has ne more than 2, preferably no more than 1 amine acid
difference with one of SEQ 1D NO's: 84, 89, or 81; and at least SEQ 1D NO: 93; or a stretch of amino
acid residues that has no mare than 2, prefersbly nc more than 1 amino acid difference with SEG 1D
NQ: 93, provided that the amino acid sequence comprising said stretches of amine acid residues
binds IL-6R with the same, about the same, or a higher affinity compared to the amino acid sequence
comprising said stretches of amine acid residues without the 2 or 1 amino acid difference, said
affinity as measured by surface plasmon resonance.

In yet another specific aspect, the amino acid sequence or Nanohody of tha invention
comprises at least SEQ D NQ: 84; or a stretch of amino acid residues that has no mare than 2,
preferably no more than 1 amino acid difference with SEQ 1D NO: 84; and at least a stretch of amino
acid residues chosen from SEQLID NO's: 93-84; or a stretch of amino acid residues that has no more
than 2, preferabiy no more than 1 amino acid difference with one of SEQ 1D NO’s: 93-54, provided

that the amino acid sequence comprising said stretches of amino acid residues hinds IL-GR with the
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same, about the same, or a higher affinity compared to the amino acid sequence comprising said
stretches of amine acid residues without the 2 or 1 amino acid difference, said affinity as measured
by surface plasmon resonance.

in yet another specific aspect, the amino acid sequence or Nanobady of the invention
comprises at ieast SEQ 1D NO: 84; or a stretch of amino acid residues that has ne more than 2,
preferably no more than 1 amino acid difference with S8Q 1D NQ: 84, and at least SEQ ID NO: 53, or s
stretch of amino acid residues that has no more than 2, preferably no more than 1 aming acid
difference with SEQ 1D NQ: 93, provided that the amina acid sequence camprising said stretches of
amino acid residues binds {L-6R with the same, apout the same, or a higher affinity compared to the
amino acid sequence comprising said stretches of amino acid residues without the 2 or 1 amine acid
difference, satd affinity as measured by surface plasmon resonance.

In yet another specific aspect, the amino acid sequence or Nanobody of the invention
comprises at least SEQ 1D NO: 80 and SEQ 1D NO: 84.

in yet another specific aspect, the amino acid sequence ar Nanobedy of the invention
comprises at feast SEQ ID NO: 80 and SEQ 1D NO: 93,

in yet another specific aspect, the amino acid sequence or Nanobody of the invention
comprisas at least SEQ 1D NO: 84 and SEQ ID NO: 83,

in yet another specific aspect, the amino acid sequence or Nancbody of the invention
comprises at least SEQ 1D NO: 80; or a stretch of amino acid residues that has no more than 2,
preférabiy no more than 1 amino acid difference with SEQ. 10 NO- 80; and at least a streteh of amine
acid residues chosen from SEQ {D NOV's: B4, 89, or 91; or a stretch of amino acid residues that has no
more than 2, preferably no more than 1 amino acid difference with one of SEQ ID NQ's: 84, 89, or 83;
and at least a stretch of amino acid residues chosen from SEQ 1D NO's: 93-94; or a stretch of amino
acid residuas that has no more than 2, preferably no mare than 1 amino acid diffarence with one of
SEQ 1D NO's: 83-94, provided that the amino acid sequence comprising said stretches of amine atid
residues binds IL-6R with the same, about the same, or 2 higher affinity compared to the amino acid
sequence comprising said stretches of amino acid residues without the 2 or 1 amino acid difference,
said affinity as measured by surface plasmen resonance.

in yet another specific aspect, the amino acid sequence or Nanchody of the invention
comprises at least SEC D NO: 80 or a stretch of amino acid residues that has no more than 2,
preferably no mare than 1 amino acid difference with SEQ ID NQ: 80; and at teast a stretch of amino
acid residues chosen from SEQ 1D NCYs: 84, 89, or 91; or 8 stretch of amine acid residues that has no
more than 2, preferably no more than 1 amino acid difference with one of SEQ, ID N&'s: 84, 88, or 51;
and at least SEQ ID NO: 93; or a stretch of amino acid residues that has ne more than 2, preferably no

more than 1 amino acid difference with SEQ 1D NO: 93, provided that the aminc acid sequence
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comprising said stretches of amino acid residues binds IL-6R with the same, about the same, or a
higher affinity compared to the amino acid sequence comprising said stretches of amine acid
residues without the 2 or 1 amino acid difference, said affinity as measured by surface plasmon
resanance.

in yet another specific aspect, the amino acid seguence or Nanobody of the invention
comprises at feast SEQ D NO: 80; or a stretch of aming acid residues that has no more than 2,
preferably no more than 1 amino acid difference with SEQ D NQO: 80; and at least SEQ ID NO: 84; ora
stretch of amino acid residues that has no more than 2, preferably no more than 1 amino acid
difference with SEQ D NO; 84; and at least a stretch of amino acid residues chosan from SEQ 1D NO's;
93-94; or a stretch of amino acid residues that has no more than 2, preferably no more than 1 amino
acid difference with one of SEQ ID NO's; 93-94, provided that the amine acid sequence comprising
sald stretches of amino acid residues binds IL-6R with the same, about the same, or a higher affinity
compared to the amino acid sequence comprising satd stretches of amino acid residues without the 2
erl amino acid diﬁ‘erence,'said affinity as measured by surface plasmon resonance.

in yet another specific aspect, the amino acid sequence or Nanobody of the invention
comprises at least SEQ 1D NO: 80; or a stretch of amino acid residues that has no more than 2,
preferably no more than 1 amino acid difference with SEQ ID NO: 80; and at least SEQ, ID NO: 84; ora
stretch of aming acid residues that has no more than 2, preferably no more than 1 amino acid
gifferance with SEQ 1D NO: 84; and at least SEQ 1D NO: 93; or a stretch of amine acid residues thai
has no more than 2, preferably no more than 1 amino acid difference with SEQ 1D NQ: 93, provided
that the amino acid sequence comprising said stretches of amine acid residues binds IL-6R with the
same, abhout the same, or a higher affinity compared to the amino acid sequence comprising said
stretches of amino acid residues without the 2 or 1 amine acid difference, said affinity as measured
by surface plasmon resonance.

In yet another specific aspact, the amino acid sequence or Nanohody of the invention
comprises af least SEQ 1D NO: 80, SEQ D NO: 84 and SEQ D NG: 93,

Prefetred combinations of CDRL, CDR2, and CDR3 seguences defined herein for the amino acid
sequences of the invention are also shown in Table A-1,

In a preferred aspect, amino acid sequences of the invention are selected from the group
consisting of:

a] SEQ ID NO’s: 60-68;

b) an amine acid sequence that has no more than 2, preferably no more than 1 amino acid

difference in one, two or all of its CDR seguences with one of SEQ 1D NO's: 60-69, provided
that the amino acid sequence with no more than 2, preferably ne more than 1 amino acid

difference in ane, two or all of its CDR sequences binds {L-6R with the same, about the
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same, ar a higher affinity compared to tha hinding by the one of SEQ 1D NO's: 60-69, said
affinity as rneasured by surface plasmon resonance; and

a sequence that has no more than 2, preferably no more than 1 amino acid difference with
one of SEQ 1D NO's: 60-69, provided that the amino acid sequence with no more than 2,
preferabiy no more than 1 amino acid difference with ane of SEQ 1D NO’s: 60-69 binds IL-6R
with the same, about the same, or a higher affinity compared te the binding by the one of

SEQ ID NO's: 60-69, said affinity as measured by surface plasmon resonance.

in another preferred aspect, the amino acid sequences of the invention are sefected from the

group consisting of:

a)

SEQ 1D NO's: 65-65;

b} an amino acid seguence that has no more than 2, preferably no more than 1 amino acid

difference in one, two or alt of its CDR sequences with one of SEQ 1D NQ's: £5-649, provided
that the amino acid sequence with no more than 2, preferably nc more than 1 amino acig
difference in one, two or all of its COR sequences binds IL-6R with the same, about the
same, ot a higher affinity compared to the binding by the one of SEQ 1D NO's: 65-69, said
affinity as measured by surface plasmon resonance; and

a sequence that has no more than 2, preferably no more than 1 amino acid difference with
one of SEQ D NQ's: 65-63, providad that the amino acid sequence with no more than 2,
preferably no more than 1 amino acid difference with one of SEQ ID NO’s: 65-69 binds IL-6R
with the same, about the same, or a higher affinity compared to the binding by the one of

SEQ; ID NO's: 65-68, said affinity as measured by surface plasmon resonance.

In yet another preferred aspect, the amine acid seguences of the invention are selectad from

the group consisting of:

a) SECQLID NO: 66;

b) an aming acid sequence that has no more than 2, preferably no more than 1 amino acid

difference in one, two or all of its COR sequences with SEQ 1D NO: 66, provided that the
aming acid sequence with no more than 2, preferably no more than 1 amino acid difference
in one, two ar all of its CDR sequences binds iL-6R with the same, about the same, or a
higher affinity compared to the hinding by SEQ 1D NO: 66, said affinity as measured by
surface plasmon resonance; and

a seqguence that has no more than 2, preferably no more than 1 amino acid difference with
SEQ ID NQ: 66, provided that the amino acid sequence with no more than 2, preferably no
more than 1 amino acid difference binds IL-6R with the same, about the same, or a higher
affinity compared fo the binding by SEQ 1D NO: 66, said affinity as measured by surface

pasmon resonance.
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When comparing two stretchas of amine acid residues (or two CDR sequences), the taerm
"amine acid difference in one, two or ail of its CORs” refers to an insertion, deletion or substitution of
a single amino acld residue on a position of & stretch of amino acid reskdues {or COR sequence)
comprised in the amino acid sequence of the invention specified in b), compared to the stretch of
amino acid residues {or COR sequence) comprised in the amino acid sequence of the invantion
specified in 8); it being understood that two stretches of amino acid residues {or CDR sequences) can
contain one or maximal two such amine acid differences.

By “amino acid difference in one, two or ofl of its CORs” is meant that amino acid sequence of
the invention may have 150 mose than 2, preferably no more than 1 amino acid difference in its CDRZ
and/or no mare than 2, preferably no more than 2 amino acid difference in its CDR2, and/or no more
than 2, preferably no more than 1 amino acid difference in its CDR3 compared to CDR1, CDR2 and/or
CDR3 in one of the amino acid sequences of a} {i.e. one of SEQ 1D NQ's: 60-69); such as no more than
2, preferabiy no more than 1 amino acid difference in its COR1 compared te the COR1 in one of the
amino acid sequences of a) (i.e. one of SEQ 1D NG's: 60-69); or no mare than 2, preferably no more
than 1 amino acid difference in its CDR2 compared te the CDR2 in one of the amino acid sequences
of a} {i.e. one of SEQ ID NO's: 60-69); or no more than 2, preferably no more than 1 amine acid
differance in its CDR3 comparad to the CDR3 in one of the amino acid sequences of a} {i.e. one of SEQ
(D NG's: 60-69); ar no more than 2, preferably no more than 1 amino acid difference in its CDR1
compared to the CDR? in one of the amino acid sequences of a) {L.e. one of SEQ 1D NO’s: 60-69) and
no more than 2, preferably no more than 1 amino acid difference in its COR2 compared to the CDR2
in one of the amine acid sequences of a) (i.e. one of SEQ 1D NO's: 60-69); or no more than 2,
preferably no more than 1 amino acid difference in its CDOR1 compared to the CDR1 in one of the
amino acid seguences of a) {i.e. one of SEQ 1D NO’s: 60-63} and no more than 2, preferably no more
than 1 amino acid difference in its COR3 compared to the CDR3 in one of 5EQ ID NO's: 60-69; or no
more than 2, preferably no move than 1 amine acid difference in its COR2 compared to the CDR2Z in
one of the amino acid sequences of a) (i.e. one of SEQ 1D NO's: 60-69) and no more than 2, preferably
no more than 1 amino acid difference in its CDR3 compared to the CDR3 in one of the amino acid
sequences of a} (i.e. one of SEQ D NO's: 60-69); or nc more than 2, preferably no more than 1 amino
acid difference in its CDR1 compared 1o the CDRL in one of the amino acid sequences of a} {l.e. one
of SEQ ID NO's: 60-69), no more than 2, preferably no more than 1 amino acid difference in its CDR2
compared to the CDR2 in one of the amino acid sequences of a) {i.e. one of SEQ ID NO's: 60-62) and
no maore than 2, preferably no more than 1 amino acid differance in its COR3 compared to the CDR3
in ¢ne of the amino acid sequences of a) {i.e. one of SEQ 1D NO’s: 60-69).

The “amino acid difference in one, two or glf of its CORs” can be any cne or maximal two

substitutions, deletions or insertions in one or more of the CORs, or any combination thareof, that
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either improve the properties of the amino acid sequence of the invention or that at least do not
tletract too much from the desired properties or from the balance or combination of desired
properties of the amino acid sequence of the invention. In this respect, the resulting amine acid
sequence of the invention should at least bind [L-6R with the same, ahout the same or a higher
affinity compared to the amino acid sequence compyrising the one or more stretch of amino acid
residues without the one or maximal two substitutions, deletions or inseriions, said affinlty as
measurad by surface plasmon resonance. The resulting amino acid sequences are preferably such
that thev can bind to the specific epitope an the IL-6 receptor, with affinity (suitably measured
and/or expressed as a Kp-value (actual or apparent), a Ka-vaiue {(actual or apparent), a ke.-raie and/or
a ky-rate, or alternatively as an ICg value, as further described herein) that is as defined herein. The
resuiting amino acid sequences also preferably have a cell based potency and a plasma potency as
defined herein.

In one aspect of the invention, the “amino acid difference in one, two or olf of its CDRs" is an
amino acid substitution. The amino acid substitution may be any one or maximal two substitutions in
one or more of the CDRs that either improve the properties af the amino acid sequence of the
invention or that at least do not detract too much from the desired properties or from the balance or
combination of desired properties of the armino acid sequence of the invention. In this respect, the
resulting amino acid sequence of the invention shouid at least bind 1L-6R with the same, about the
same or a higher affinity compared to the amino acid sequence comprising the one or more stretches
of amino acid residues without the one of maximal two substitutions, said affinity as measured by
surface ptasmon resonance, The resulting amino acid sequence are preferably such that they can
bind te the specific epitope on the iL-& receptor, with affinity (suitably measured and/or expressed as
a Ko-valua factual or apparent), a Ka-value (actual or apparent), a ke,-rate and/or a k,erate, or
alternatively as an ICg value, as further described herein) that is as defined herein. The resulting
amino acid sequences also preferably have a cell based potency and a plasma potency as defined
herain.

As discussed above, the amino acid substitution in the CDRs may be any possipie substitution
such as a “conservative substitution” (as defined herein), it may be driven by certain rules {as defined
hersinj, and/or it may induce improved properties 1o the resulting aminoe acid sequences.

The invention also relates to an amino acid sequence that has no more than 2, preferably no '
more than 1 amino acid difference with one of {the full sequence of) 520 ID NO's: 60-55,

When comparing two amino acid sequences, the term “omino ocid difference” refers to an
insertion, deletion ar substitution of a single amino acid residue an a position of the first amino acid
sequence, compared to the second amino acid sequence; it being understood that two amino acid

sequences can contain one or maximal two such amino acid differences.
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The “aming acid difference” can be any one or maximal any two substitutions, deletions or
insertions in the amino acid sequeance, i.e. in one or more of the framework regions or in ane or more
of the CDRs, or any combination thereof, that either improve the properties of the amino acid
sequence of the invention or that at least do not detract toc much from the desired properties or
from the balance or combination of desired properties of the amino acid seguence of the invention.
In this respect, the resulting amino acid sequence of the invention should at least bind [L-6R with the
same, about the same, or a higher affinity compared to the amina acid sequence without the one or
maximal two substitutions, deletions orinsertions, said affinity as measured by surface plasmon
resonance. The resulting amino acid sequences are preferably such that they can bind to the specific
epitope on the IL-6 receptor, with affinity {suitably measured and/or expressed as a Kp-value {actual
or apparent), a Ky-value {actual or apparent), a ky-rate and/or a kyrrate, or alternatively as an 1Cg;
value, as further described herein) that is as defined herein. The resulting amino acid sequences also
preferably have a rell based potency and a plasma patency as defined herein, The skilled persan will
generally be ahle to determine and select suitable substitutions, deletions or insertions, or sultable
combinations thereot, and determining their influence on the properties of the amino acid sequence
thus obtained.

in one aspect of the invention, the "amino acid difference” is an amino acid substitution. The
amino acid substitution may be any one or maximat two substitutions in one or more of the
framework regions or in one or more of the CORs, or any combination thereof, that either improve
the properties of the amino acid sequence of the invention or that at least do not detract too much
from the desired progerties or from the balance or combination of desired properties of the amino
acid sequence of the invention. In this respect, the resuiting amino acid sequence of the invention
shouid at least bind IL-6R with the same, about the same, or a higher affinity compared to the amino
acid sequance without the one or maximal two substitutions, said affinity as measured by surface
plasmon resonance, The resulting amino acid sequences are preferably such that they can bind to the
specific epitope on the iL-6 receptor, with affinity {suitably measured and/or expressed as a Ky-value
{actual or apparent}, a Ky-value {actual or apparent), a ke-rate and/or a kyrate, or alternatively as
an I vaiue, as further described herein) that is as defined herein. The resulting amino acid
sequences also preferably have a cell based potency and a plasma potency as defined herein. The
skilled person will generally be able to determine and select suitable substitutions, and determining
their influence on the properties of the amino acid sequences thus obtained.

As indicated above, the substitutions, insertions or deietions can ke in one or more of the
framework regions and/or in one or more of the CDR's. As discussed above, the amino acid

siubstitution in one or mere of the CDRs ¢an be any substitution such as a “conservative substitution”
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(as defined herein), it may be driven by certain rules {as defined herein), and/or it may induce
improved properties to the resulting amino acid sequences.

When such substitutions, insertions or deletions are made in one or more of the framework
regions, they may be made at one or more of the Halimark residues {as e.g. defined in WG
08/020079; Tables A-3 to A-8) and/or at one or more of the other positions in the framework
residues, although subsiitutions, insertions or deletions at the Haimark residues are generally lass
preferred {uniess these are suitable humanizing substitutions as described herein). By means of non-
limiting examples, a substitution may for example be a conservative substifution (as described
herein} and/or an amina acid residue may be replaced by another amino acid residue that naturally
oceurs at the same position in another Vi doemain (see WO 08/020079, Tables A-5 to A-8), although
the invention is generally not Himited thereto.

Substitutians, insertions or deletions made {preferably} in one or more of the framework
regions may be substitutions for sequence optimization of the framewaork regions such as e.g.
humanizing substitution. Some preferred, but non-limiting humanizing substitutions (and suitable
combinations thereof] will become clear to the skilled person beased on the disclosurs herein,
Poteniially useful humanizing substitutions can be ascertained by comparing the sequence of the
framework regions of one of the amino acid sequence of the invention defined in a} with the
corresponding framework sequence of ane or more closely related human Vy; sequences, after which
ong or more of the potentially usefu! humanizing substitutions {or combinations thereof) thus
determined can be introduced into said amine acid sequence of the invention defined in a} (in any
manner known per se, as further described herein} and the resulting humanized amine acid sequence
can be tested for affinity for IL-6R, for stability, for ease and level of expression, and/or for other
desired properties defined herein. in this way, by means of a limited degree of trial #nd error, other
stitable humanizing substitutions {or suitabie combinations thereof) can be determined by the skilled
person based on the disclosure harein,

Depending on the host organism used to express the amino acid sequence, Nancbody ar
polypeptide of the invention, such deletions and/or substitutions may aliso be designed in such a way
that one or more sites for post-translational modification {such as ong ar more giycosylation sites}
are removead, as will be within the ability of the pefson skilled in the art. Alternatively, substitutions
or insertions may be designed 50 as to introduce one or more sites for attachment of functional
groups (as described herain), for example to allow site-specific pegylation {again as described hereing,

As can be seen from the data on the Vyentropy and Vy, varkability given in Tables A-% — A-8
of WO 08/020072, some amino acid residues in the framework regions are more conserved than

athers. Generally, although the invention in its broadest sense is not [imited thereto, any
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substitutions, deletions or insertions are preferably made at positions that are less conserved. Also,

generaily, amino acid substitutions are preferred over amine acid deletions or insertions.

The resuiting amino acid sequences of the invention or Nanobodies of the invention shouid
preferably bind to IL-6R with ar affinity {suitably measured and/or expressed as a Kg-vaiue {actual or
apparent), a Ky-value {actual or apparent), a k,~rate and/or a kyrrate, or alternatively as an iCy
value, as further described herein) preferably such that they:

- bind to hiL-6R with 2 dissociaticn constant (Ko} of 1 nM to 1 pM moles/litre or less, preferably
500 gM to 1 g moles/litre or less, more preferably 100 pM to 1 pM moles/litre or less, or
even more preferably about 50 pM te 1 pM or less;

and/or such that they:

- bind to cyno IL-6R with a dissociation constant (Ko} of 2 nM to 1 pM moles/litre or less,
preferably 500 pM to 1 pM moles/litre or less, more preferably 100 pM to 1 p moles/iitre or
less, or even more preferably about 50 pM to 1 pM or less;

and/or such that they:

- bind to hiL-6R with a k,,-rate of between 10* M™s™ to about 10’ M7s”, preferably between 10°
M?s™ and 10" M™s™, more preferably about 10° M™s™ or more;

and/or such that they:

- bind to cyno IL-6R with a k,-rate of between 10* Ms? to about 107 M7s™, preferably between
10° M7s™ and 107 M5, more preferabiy about 10° M™¢™ or more;

and/or such that they:

- bind to hlL-6R with a ke rate between 107 s {t,,,=0.69 s) and 10° s (providing a near
irreversible complex with a ty,, of muttiple days}, preferably between 10 s™ and 10° 5, more
preferably between 107 s and 10 s, such as about 107 s or lower;

and/or such that they:

- bind to cyno IL-6R with a k¢ rate batween 107 5™ [1,=0.69 s) and 107 s (providing a near
irreversible complex with a ty; of muitiple days), preferably hetween 107 s™ and 107 s, more
preferably between 10 s and 10 57, such as about 107 s™ or jower.

Some preferred IC50 values for binding of the amino acid sequences of the invention to IL-6R
will becomne clear from the further description and examples herein,

The potency and/or efficacy of the aming acid sequences and Nanobodies of the invention,
and of compositions comprising the same, can be tested using any suitzble In vitro assay, cell-based
assay, in vivo assay and/or animai model known per se, or any combination thereof, depending on
the specific disease or disorder involved. Suitable assays and animal models will be clear to the skilled
person, and for example include profiferation assays using li-6-dependant celi lines including TF-1,

XG1 and 7TD3, collagen induced arthritis model, transplant mode| of synovial tissue in SCID mice,
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xenograft models of various human cancers, including lymphoma, myeioma, prostate cancer and
ranal cali carcinoma, 18D models including TNBS, primate models {such as e.g. described in Shinkura
et al,, 1898, Anticancer Research 18: 1217-1222}, non-human primate models of arthritic disease {as
e.g described in Vierboom et al., 2008, Drug Discov. Today: Dis Model doi:10.1016/j.ddmod.
200%.06.003) as well as the assays and animal modeis used in the experimental part below and in the
prior art cited herein (Peake et al., 2008, Rheumnatology 45: 1485-9; Wahid et al., 2000, Clin. Exp.
immaunot., 122: 133-142; Matsuno et al., 1998, Arthritis and rheumatism 41: 2014-2021; WO
08/020079).

For example, in the TF-1 assav as described by Kitamura et at, (1989, 1 Cell Physiol, 140: 323),
the amino acid sequences of the invention or Nanobodies of the invention may have {C50 values {at
100 1U/mL IL-5) between 10 niv and 50 ph, preferably between 5 nM and 50 pM, more preferably
between 1 nM and 50 pM or less, such as about 750 or 500 gVl or less. in this TF-1 assay the amino
acid sequences of the invention or Nanobodies of the invention may have JC50 vajues (at 5000 HU/mL
1L-6) between 50 nM and 1 nM, preferably between 25 nM and 1 nM, more preferably between 10
nivi and 1 nMor less, such as about 8 nM or iess. In this TF-1 assay, the amino acid sequences of the
invention or Nanobodies of the invention may have IC50 valuas that are at least the same and
preferably better, at least two times, preferabiy three times, more preferably four times, even maore
preferably 5 times, 7 times ar more than 7 times better compared to the IC50 vaiue obtained for the
reference |gG as defined by SEQ 1D NO's: 1 and 2 or the reference Fah as defined by SEQ 1D NO's: 3
and 4 (see Exampie 1). in this TF-1 assay, the amino acid seguences of the invenfion or Nanobodies of
the invention may have 1C50 values that are at least the same and preferably better, at least two
times, preferably three times, more preferably four times, even more preferably 5 times, 7 times or
more than 7 times better compared to the IC50 value obtained for Tocilizumab {(MRA).

In a plasma potency assay at EC50 values of l.-6 {e.g. in the presence of 27.2% ng/mL IL.-6 as
described in Example 45}, the amino acid sequences of the invention or Nanobodies of the invention
may have 1C50 vaiues between 500 pM and 50 pM, preferably between 250 pM and 50 pM, more
preferably between 200 pM and 50 phv or less, such as 150 pM or dess. In a plasma potency assay at
ECY5 values of IL-6 {e.g. in the presence of 885 ng/ml iL-6 as desciibed in Example 45) the amine acid
sequences of the invention or Nanobodies of the invention may have IC50 values between 1000 pM
and 100 pM, preferably betweern 750 pM and 100 pM, more preferably between 500 pM and 100 pM
or Iass, such as 400 pM or less. In this plasma potency assay, the amingc acid sequences of the
invention ar Nanohodies of the invention may have 1£50 vaiues that are at least the same and
preferably better, at least two times, preferably three times, more preferably four times, even more
prefarably 5 times, 7 times or more than 7 times better compared to the IC50 value obtained for the

reference igG as defined by SEQ 1D NO's: 1 and 2 or the reference Fab as defined by SEQ 1D NO's: 3
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and 4 (see Example 1). In this plasma potency assay, the amino acid seguences of the invention or

Nanobodies of the invention may have IC50 values that are at feast the same and preferably better,

at least two times, preferably three times, more preferably four times, even more preferably & times,

7 times or more than 7 times betfter compared to the [C50 vaiue obtained for Tocilizumab [MRA),

In an assay for defining hinding to membrane IL-6R on CHO cells, the amino acid sequences of
the inventjon or Nanobodies of the invention may have IC50 values between 10nM and 100 piv,
preferably between 5 nM and 100 pM, mare preferably between 2 nM and 10 pM or tess, such as 2
nM or less.

As will also be clear from the disclosure herein, it is also within the scope of the invention to
use parts or fragments, or combinations of two or more parts or fragments, of the amino acid
sequences or Nanobodies of the invention as defined herein, and in particutar parts or fragments of
the amino acid sequences of SECQ 1D NQ's: 60-69. Thus, accerding to one embodiment of the
invention, the term “amino acid sequence of the invention” or "Nanobody of the invention” in its
broadest sense also covers such parts or fragmenits,

Generatly, such parts or fragments of the amino acid sequences or Nanobedies of the
invention (inciuding analogs theraof} have amino acid sequences in which, compared to the amino
acid sequence of the corresponding full length amino acid sequence or Nanobaody of the invention,
one or more of the amino acid residues at the N-terminai end, one or more amino acid residues at
the C-terrminal end, one or more contiguous internal amino acid residues, or any combination
thereof, have been deleted and/or removed. ‘

The parts or fragments are preferably such that they can bind to the specific epitope on the
IL-6 receptor, with an affinity (suitably measured and/or expressed as a Kp-vaiue (actual or apparent),
a Ka-vaiue (actual or apparent), a kya-rate and/or a key-rate, or alternatively as an [Cg value, as
further described herein) that is as defined herein.

in particular, amino acid sequences, Nanobodies, and paris or fragments are preferably such
that they:

- bind to hiL-6R with a dissociation constant {ip) of 1 nM to 1 pM moles/litre or less, preferably
500 pM to 1 pM moles/litre orless, mare preferably 100 pM to 1 pM moles/litre or less, or
even more preferably about 50 pM to 1 pM or less;

and/or such that they:
bind t0 cyno 1L-6R with a dissociation constant (Kp) of 4 nM 1o 1 pM moles/litre or less,
preferably 500 pM to 1 pM motles/litre or less, more preferably 100 pM to 1 pM moles/litre or
lass, or even more preferably about 50 pivl to 1 pM or less;

and/or such that they:
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. bind to hiL-BR with a ke,-rate of between 16° M™ s to about 107 M™s™, preferably between 10°
M5! and 107 Ms™, more preferably about 10° M5 or more;

and/or such that they:

- bind to cyno IL-6R with a ke,-rate of between 10° M's™ to about 10" M*s?, preferably between
10° M s and 107 M5, more preferably about 10° M35 or more;

and/or such that they;

- bind to hiL-6R with a kg rate between 107 5™ {1,,,50.69 s) and 10° s* {providing a near
irreversible cornplex with a 1y, of multiple days), preferably between 10™ s and 10% s, more
preferably between 107 s ¥ and 107 57, such as about 107 s or lower;

and/or such that thay:

- bind to cyno IL-6R with a k. rate between 107 s {13,,20.69 5) and 10°® s™ {providing a near
irreversible complex with a ty, of muitiple days), preferabiy between 10 s and 10% 5™, more
preferably between 10 s and 10 5™, such as about 107 s or lower.

The affinity of the parts or fragments against the IL-6 receptor, ¢can be determined in a
manner known per se, for example using the assay described herein.

Any part or fragment is preferably such that it comprises at least 10 contiguous amino acid
residues, preferably at least 20 contiguous amine acid residues, more preferably at lzast 30
contiguous amino acid residues, such as at least 40 contiguoeus amino acia residues, of the amino acid
sequence of the corresponding fult length amine acid sequence or Nanobody of the invertion,

Also, any part ar fragment is such preferably that it comprises at ieast one of CDR1, CDR2
and/or CDR3 or at ieast part thereof (and in particutar at least CDR3 or at least part thereof). More
preferably, any part or fragment is such that it comprises at least one of the COR's {and preferably at
lmast CDR3 or part thereof) and at jeast one other CDR {i.2. CDR1 ov CDR2) or at least part thereof,
preferably connected by sultabie framework sequence(s) or at least part thereof. More preferably,
any part or fragment is such that it comprises at least ong of the CDR's {and preferably at least CDR3
or part thereof) and at least part of the two remaining CDR’s, again preferably connected by suitable
framework sequencel(s} or at ieast part thereof.

According to another particularly preferred, but non-limiting embodiment, such a part or
frapment comprises at least CDR3, such as FR3, CDR3 and FR4 of the corresponding full length
Nanobody of the invention, i.e. as for example described in the Internationai application WO
03/050531 {Lasters et al.),

As already mentioned above, it is also possible to combine two or more of such parts or
fragments (i.e. from the same or different amino acid sequences or Nanobodies of the invention}, i.e.
to provide further parts or fragments {as defined herein) of an amino acid sequence or a Nanobody

of the invention. It is for example also possible to combine one or more parts or fragments of an
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amino acid sequence or a Nanobody of the invention with one or more parts or fragments of a
human vV, domain.

According to one preferred embodiment, the parts or fragmaents have a degree of sequence
identity of at least 50%, preferably at least 60%, more preferably at lzast 70%, even motre preferably
at least B0%, such as at least 90%, 95% or 99% or more with one of the amino acid sequences or
Nanobodies of SEQ 1D NO's: 60-65.

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

The invention further relates to compounds or constructs, that comprise or essentially consist

of one or more amine acid sequences or Nancbodies of the invention, and optionally further

- comprise ohe or mare other groups, resldues, moieties or binding units, optionally linked via one or

more linkers. In a preferred aspect said one or more pther groups, residues, moieties or binding units
are amino acid seguences. in another preferred aspect, said one or mare linkers are one or more
amino acid sequences. Such compounds or canstructs are also referred to as “polypeptides of the
invention”,

A polypeptide of the invention may comprise an amino acid sequance or Nanobady of the
invention, which is fused at its amino terminal end, at its carboxy terminal end, or both at its amine
terminal end and at its carbaxy terminal end to at least one further amino acid sequence, i.e. s0 as to
provide a fusion protein comprising said amino acid sequence or Nanobody of the invention and the
one or more further amino acid seguence.

The one or more further aming acid sequence may be any suitable and/or desired aming acid
sequence. The further aming acid sequence may or may not change, alter or otherwisg influence the
{biological) properties of the amino acid sequence or Nanobody of the invention, and may or may net
add further functicnality to the amino acid sequence, Nanohody or the polypepiide of the invention,
Prefarably, the further amino acid sequence is such that it confers one or more desired properties or
functionalities to the amino acid sequence, Nanabody or the polypeptide of the invention.

Exampie of such amino acid segquences will be clear to the skilled person, and may generally
comprise alf amino acid sequences that are used in peptide fusions based on conventional antibodies

and fragments thereof {including but not limited to 5¢Fv's and single domain antibodies). Reference
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is for example rnade to the review by Holliger and Hudson, Nature Biotechnology, 23, 9, 1126-1136
{2005},

For example, such an amino acid sequence may be an amine acid sequence that increases
the half-life, the solubility, or the absorption, reduces the immunogenicity or the toxicity, eliminates
or attenuates undesirable side effects, and/or confers other advantagecus properties to and/or
reduces the undesirad properties of the polypeptides of the invention, compared fo the amino acid
sequence or Nanobody of the invention per se. Some non-limiting examples of such amine acid
sequences are serum proteing, such as human serum atbumin (see for example WO 00/27435} or
haptenic molecuies (for example haptens that are recognized by circulating antibodies, see for
exampte WO 98/22141),

The further amino acid sequence may also provide a second binding site, which binding site
may be directed against any desired protein, polypeptide, antigen, antigenic determinant or epitope
{including but not limited to the same protein, polypeptide, antigen, antigenic determinant or
epitope against which the amino acid sequence or Nanabody of the invention is directed, or a
different protein, polypeptide, antigen, antigenic determinant or epitope). Far example, the further
amino acid sequence may grovide a second hinding site that is directed against a serum protein {such
as, for example, human serum atbumin or another serum protein such as 1gG), so as to provide
increesed half-life in serum. Such amino acid sequences for example include Nanobodies, as well as
the smal} peptides and binding protzins described in WQ 91/01743, WO 01/45746 and WO
02/0764R8S and the dAb’'s described in WO 03/002609 and WO 04/003018. Reference is also made 1o
Harmsen et al, (2005, Vaccine, 23 (41} 4626-42), as well as to EP 0368684, as well as to WO
08/028977, WC 08/043821, WO (8/043822 and WO 08/068280 of Ablynx N.V..

Preferred amino acid secuences that may provide the amino acid sequences or Nanobodies
of the invention with increased half-life may be chosen from SEQ 1D NO's: §7-95,

Such amino acid sequences may in particular be directed against serum albumin {and more in
particutar human serum albumin} and/or against IgG {and mare in particular human {gG). For
example, such amino acid sequences may be amino acid sequences that are directed against (human)
serum atbumin and amino acid sequences that can bind to amino acid residues on (human) sevurm
albumin that are not involved in binding of serum albumin to FcRn (see for example WG 06/0122787)
and/or amino acid sequences that are capable of binding to amino acid residues on serum albumin
that do not form part of domain I8 of serum albumin {see again for example WO 06/0122787); amino
acid sequences that have or can provide an increased half-life {see for example WO 08/028977);
amino acld sequences against human serum atbumin that are cross-reactive with serum albemin
from at least one species of mammal, and in particular with at least one species of primate (such as,

without limitation, monkeys from the genus Macoca {such as, and in particular, cynomolgus
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monkeys (Mocaca fascicularis) and/ar rhesus mankeys (Maococo mulatta)) and baboon (Papio
wrsinus), reference is again made to WO 08/028977); aming acid seguences that ¢an bind to serum
albumin in a pH independent manner {see for example WO 08/043821) and/or amino acid sequences
that are conditional binders (see for example WO 08/043822}.

According to another embodiment, the one or more further amino acid sequernces may
comprise one or more parts, fragments or domains of conventional 4-chain antibodies (and in
particutar human antibodies) and/or of heavy chain antibodies. For example, although usually less
preferred, an amino acid sequence or Nanobody of the invention may be linked to a conventional
{preferably hiuman) Vy or V|, domain or to a natural or synthetic analog of a Vy: or V; domain, again
optionaliy via a linker sequence {including but not limited to other (singie) domain antibodies, such as
the dAb's described by Ward et al.}.

Accordingly, in the compound or construct of the invention, said one or more other groups,
re.éidues, maoieties or binding units may be chosen from the group consisting of domain antibodies,
arnino acid sequences that are suitable for use as a domain antibody, single domain antibodies,
amino acid sequences that are suitable for use as 2 single damain antibody, "dAb"'s, amino acid
sequences that are suitable for use as a dAb, of Nanobodies.

in one specific aspect of the invention, the compound, construct or polypeptide of the
Invention comprising at least one amino acid sequence or Nanobody of the invention may have an
increased half-life, compared to the corresponding amino acid sequence or Nanobody of the
invention. Some preferred, but non-limiting exampies of such compounds, constructs and
polypeptides will become clear to the skilled person based on the further disclosure herein, and may
he for example compounds, constructs and polypeptides that comprise amino acid sequences,
Nanobodies or polypeptides of the invention that have been chemically modified to increasse the half-
life thereof {for exampla, by means of pegylation}; or polypeptides of the invention that comprisa at
least one amino acid sequence or Nanobody of the invention that is linked 1o at least one moiety
{and in particular at least ong amino acid sequence) that increases the half-life of the Nanobody of
the invention. Examples of compounds, constructs or polypeptides of the invention that comprise
such half-life extending moietias or amino acid sequences will become clear to the skilled person
based on the further disclosure herein; and for example include, without limitation, polypeptides in
which the one or more amino acid sequences or Nanobodies of the invention are suitable linkad to
one or more serum proteins or fragments thereof {such as serum albumin or suitable fragments
thereof) or to ane or more hinding units that can bind 1o serum proteins {such as, for example,
Nanobodies or (single) domain antibodies that can bind to serum proteins such as serum albumin,
serum immunogiobulins such as igG, or transferrine); polypeptides in which an amino acid sequence

or Nanobody of the invention is finked to an Fc portion (such as a human Fc} or a suitable part or
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fragment thereof; or polypeptides in which the one or more amino acid sequences of Nanobadies of
the invention are suitable linked to one or more small proteins or peptides that can bind to serum
proteins {such as, without Himitation, the proteins and pegptides described in W0 931/01743, WO
01/45746, WO 02/076488). ‘

The at least one amino acid sequence or Nanobody may also be linked to cne or more
{preferably human} Cyl, G2 andfer T3 domains, optionally via 2 linker sequence, For instance, an
amino acid sequence or Nanobody linked to a suitable Cy1 domain could for example be used -
together with suitable light chains - to generate antibody fragments/structures analogous to
conventional Fab fragments or Flab’}; fragments, bt in which one or (in case of an Flab’); fragment)
both of the conventional V,, domains have been replaced by an amino acid sequence or Nanchody of
the invention. Alsg, two amino acid sequences or Nanobodias could be finked to a 3 domain
{optionally via a linker) to provide & construct with increased half-life in vivo.

According to one specific aspect of a polypeptide of the invention, one or more amino acid
sequences or Nanchodies of the invention may be linked {optionally via a suitable linker or hinge
ragion} to one or more constant domains (far example, 2 or 3 constant domains that can be used as
part of/to form an ¢ portion), to an Fc portion and/or to one or more antibody parts, fragments or
domains that confer one or more effector functions to the polypeptide of the inventicn and/or may
confer the ability to bind to one or more Fc receptors. For example, for this purpose, and without
being limited thereto, the one or more further amino acid seguences may comprise one oy rmore Cy2
and/or €43 domains of an antibody, such as from a heavy chain antibody (as described herein) and
more preferably from a conventional human 4-chain antibody; and/cr may form (part of) and Fc
region, for example from igG (e.g. from 1gG1, 1gG2, gG3 or 1gG4), from igE or from ancther human g
such asigh, 1gD or 1gM, For example, WO 94/04678 describes heavy chain antibodies comprising a
Camelid Vyy domain or a humanized derivative thereof (i.e. a Nanobody), in which the Camelidae C,2
and/or Cy3 domain have heen replaced by human Cy2 and C,3 domains, so as to provide an
immunoglobulin that consists ¢f 2 heavy chains each comprising a Nanobedy and human Cy2 and (3
domains {but no Cs1 domain), which immunoglobulin has the effecior function provided by the (32
and Cy3 domains and which immunoglobulin can function without the presence of any light chains.
Other amino acid sequences that can be suitably tinked to the amine acid sequences or Nanobodies
of the invention so as to provide an effector function will be clear to the skilled persen, and may be
chesen on the basis of the desired effectar function(s). Reference is for exampie made to WO
04/058820, WO 99/42077, WO 02/056910 and WO 05/017148, as well as the review by Holliger and
Hudson, supra; and to WO 09/068628). Coupling of an amino acid sequence or Nanobody of the
invention to an Fc portion may also lead to an increased half-life, compared 1o the corresponding

amino acid sequence or Nanobody of the invention, For some applications, the use of an Fc portion
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and/or of constant domains (L.e. Cy2 andfor C,;3 domains) that confer increased haif-life without any
biologically significant effector function may also be suitable or even preferred. Other suitable
ronstructs comprising one or more amine acid sequences or Nanobodies and one or more constant
domains with increased half-life in vivo will be clear 1o the skilled person, and may for exampie
comprise two amino acid sequences or Nanobedies linked to a C,3 domain, optionally via a linker
sequence. Generally, any fusion protein or derivatives with increased hali-life will preferably have a
molecutar weight of more than 50 kD, the cut-off value for renal absorption.

in another specific, but non-limiting, aspect, in order to form a polypeptide of the invention,
one or mare amino ackd sequences of the invention may he linked (optionaily via a suitable tinker or
hinge region) to naturally occurring, synthetic or semisynthetic constant domains {or analogs,
variants, mutants, parts or fragments thereof) that have 2 reduced (or essentially no) tendency to
self-associate into dimers (i.e. compared to constant domains that naturally occur it conventional 4-

chain antibodies). Such monomeric (i.e. not self-associating) Fc chain variants, or fragments thereof,

will be clear to the skilled person. For example, Helm et al. {1996, J. Biol. Chem. 271: 7494}, describe

monomeric F¢ chain variants that can be used in the polypeptide chains of the invention,

Also, such monomeric Fo chain varfants are preferably such that they are still capable of
binding to the compiement or the relevant Fc receptor(s) (depending on the Fe portion from which
they are derived}, and/or such that they stili have some or all of the effector functions of the Fc
portion fram which they are derived (or at a reduced level still suitable for the intended use).
Alternatively, in such a polypeptide chain of the invention, the monomeric Fc chain may be used to
confer increased half-life upon the palypeptide chain, in which case the monomeric fc chain may also
have no or essentially no effector functions.

Generally, the amino acid sequences or Nanobaedies of the invention (or compounds,
constructs or polypeptides comprising the same) with increased hali-life preferably have a half-life
that is at least 1.5 imes, preferably at least 2 times, such as at least 5 times, for example at jeast 10
times or more than 20 times, greater than the half-life of the corresponding aming acid sequence or
Nanobody of the invention per se. For example, the amino acid sequences, Nanobodies, compounds,
canstructs or polypeptides of the invention with increased half-life may have a haif-life that is
increased with more than 1 hours, preferably more than 2 hours, more preferably more than 6 hours,
such as more than 12 hours, or even more than 24, 48 or 72 hours, compared to the corresponding
amino acid sequence or Nanobody of the invention per se.

in a preferred, but non-limiting aspect of the invention, such amino acid sequences,
Nanobedies, compound, constructs or potypeptides of the invention exhibit a serum half-life in
human of at least about 12 hours, preferably at least 24 hours, more preferably at least 48 hours,

even more preferably at least 72 hours or more. For example, compounds or polypeptides of the
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invention may have a half-life of at l2ast 5 days {such as about 5 to 10 days}, at preferably at least 9
days {such as about 5 to 14 days}, more preferably at least about 10 days {such as about 10to 15
days), or al least about 11 days {such as about 11 to 16 days), more preferably at least about 12 days
(such as sbout 12 to 18 days or more), or more than 14 days (such as about 14 to 19 days).

The further amino acid sequence may also form a sighal sequence or ieader sequence that
directs secration of the amino acld sequence, Nanohody or the palypeptide of the invention from &
host cell upon synthesis (for example to provide a pre-, pro- or prepro- form of the polypeptide af the
invention, depending on the host celi used to express the polypeptide of the invention).

The further amino acid sequence may aiso form a sequence or signal that allows the amino
acid sequence, Nanobkody or polypeptide of the invention to be directed towards and/or to penetrate
or enter into specific organs, tissues, cells, or parts or compartments of celis, and/or that sliows the
amino acid seguence, Nanobody or polypeptide of the invention to penetrate or cross a biological
barrier such as a cell membrane, a cell layer such as a layer of epithefial cells, a tumor including solid
tumors, or the blood-brain-barrier. Suitable examples of such amino acid sequences will be clear ta
the skifted person, and for example include, but are not limited to, the “Peptrans” vectors mentioned
above, the seguences described by Cardinale et al. and the amine acid saquences and antihody
fragments known per se that can be used to exprass of produce the Nanobodies and polypeptides of
+he invention as so-talled “intrabodies”, for example as described in WO 54/02610, WO 95/22618,
US 7,004,940, WO 03/014960, WO 99/07414; WO 05/01690; EP 1512696, and in Cattanec A. and
Bioces 5. (1997, intracellular Antibodies: Development and Applications. Landes and Springer-Veriag)
and in Kontermann, {2004, Mathods 34: 163-170, and the further references described therein.

According to one preferred, hut non-limiting embodiment, the amino acid seguence or
Nanobody of the invention comprises at least one further amino acid seguence or Nanobody, so as to
provide a polypeptide of the invention that comprises at least two, such as twa, three, four, five or
maore amino acid sequences or Nanobodies, in which said amino acid sequences or Nanobedies may
optionally be linked via one or more linker sequences (as defined herein}. Polypeptides of the
invention that comprise two or more amino acid seguences or Nancbodies, of which at least one is a
amino acid sequence or Nanobody of the invention, will also be referred to herein as “muitivalent”
polypeptides of the invention, and the amino acid sequences ar Nanchodies prasent in such
polypeptides will also be referred to herein as being in & “multivalent format”. For example a
“hivalent” polypeptide of the invention comprises two amino acid sequencas and/or Nanobaodies,
optionally linked via a linker sequence, whereas a “trivalent” polypeptide of the invention comprises
three amino acid sequences and/or Nanobodies, optionally finked via two linker sequences; efc.; in

which at least one of the amino acid sequences and/or Nanobodies present in the polypeptide, and
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up 1o all of the amino acid sequences and/or Nanabodies present in the polypeptide, is/are a amino
acid sequence and/or Nanobody of the invention,

in a multivalent polypeptide of the invention, the two or more amine acid sequénces or
Nanabodies may be the same or different, and may be directed against the same antigen or antigenic
determinant (for example against tha same part{s) or epitope(s) or against different parts or
epitopes) or may alternatively be directed against different antigens or antigenic determinants; or
any sultable combination thereof. For example, a bivalent polypeptide of the invention may comprise
{a) two identical amino acid sequences or Nanobodies; [b) 2 first amino acid sequence or Nanobody
directed against a first antigenic determinant of a protein or antigen and a second amino acid
sequence or Nanobody directed against the same antigenic determinant of said protein or antigen
which is different from the first amino acid sequence or Nanobody; (¢} a first amino acid sequence or
Nanobody directed against a first antigenic determinant of 8 protein or antigen and a second amino
acid sequence or Nanobody directed against another antigenic determinant of said protein or
antigen; or (d) a first amino s¢id seguence or Nanobody directed against a first protein or ahtigen and
a second amino acid sequence or Nanobody directed against a second protein or antigen {i.e.
different from said first antigen). Simifarly, a trivalent pelypeptide of the invention may, for example
and without being limited thereto. comprise {a) three identical amino acid sequences or Nanobodies;
{b) two identical amino acid sequences or Nanobody against a first antigenic determinant of an
antigen and a third amino acid sequence or Nanobody directed against a different antigenic
determinant of the same antigen; {c} two identical amino acid sequences or Nanabedies against 2
first antigenic determinant of an antigen and a third amino acid sequence or Nanohody directed
against a second antigen different from said first antigen; {d} a first amino acid sequence or
Nanobody directed against a first antigenic determinant of a first antigen, a second amino acid
sequence or Nanobody directed against a second antigenic detarminant of said first antigen and a
third amino acid sequence or Nancbody directed against a second antigen different from said first
antigen; or (e} a first amino acid sequence or Nanobody directed against a first antigen, a second
amino acid sequence or Nanobody directed against a second antigen different from said first antigen,
and a third amino acid sequence or Nanobody directed against a third antigen different from said
first and second antigen.

Polypeptides of the invention that contain at least two amino acid sequences and/or
Nanobodies, in which at least one amino acid sequence or Nanobody is directed against a first
antigen {i.e. against the {L-6 receptor} and at least one amino acid sequence or Nanobody is directed
against a second antigaen {i.e. different from the [L-6 recepter), will also be referved to as
“multispecific” polypeptides of the invention, and the amino acic sequences or Nanobodies present

in such polypeptides will also be referred to herein as being in a “multispecific format”. Thus, for
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example, a “bispecific” polypeptide of the invention is a polypeptide that comprises at least one
amino acid sequence or Nanchody directed against a first antigen (i.e. the IL-6 receptor} and at least
onz further aming acid sequence or Nanobody directed against a second antigen (i.e. different from
the I1-6 receptor), whereas a "trispecific” polypeptide of the invention is & palypeptide that
comprises at least one amino acid seguence or Nanobody directed against a first antigen {i.e. the IL-G
receptor), at teast one further amino acid sequence or Nanobody directed against & second antigen
{i.e. different from the 1L-6 receptar) and at [east one further aming acid seguence or Nanobody
directed against a third antigen ({i.a. different from both the 1L-6 receptor, and the second antigen);
ete.

Accordingly, in its simplest form, a bispecific polypeptide of the invention is a bivalent
polypeptide of the invention (as defined herein), comprising a first amino acid sequence or Nanchody
directed against the IL-6 receptor, and a second amino acid seguence or Nanobody directed against a
second antigen, in which said first and second amino acid sequence or Nanobhody may optionally be
linked viz a linker sequence {as defined herein); whereas a trispecific polypeptide of the invention in
its simplest form is a trivalent polypeptide of the invention (as defined harain}, comprising a first
amino acid sequence or Nanobody directed against the [L-6 receptor, & second amino acid sequence
or Nanobody directed against @ second antigen and a third amino acid seguence or Nanshady
directed against a third antigen, in which said first, second and third aminc acid sequence or
Nanobody may optionally be linked via one or more, and in particutar one and mare in particular
two, linker sequences,

In a specific aspect, the polypeptide of the invention is a trivalent, bispecific polypeptide. A
trivalent, bispecific polypeptide of the invantion in its simplest form may be a trivalent polypeptide of
the invention (as defined herein}, comprising two identical amino acid sequences or Nanobodies
against the IL-6 receptor and a third amino acid sequence or Nanobody directed against another
antigen, in which sald first, second and third amino acid seguence or Nanobody may optionally be
linked via one or more, and in particular one and more in particular two, linker seguences.

in another specific aspect, the polypeptide of the invention Is a bispecific polypeptide. A
bispecific polypeptide of the invention in its simplest form may be a bivalent polypeptide of the
invention (as defined herein), comprising z first amino acld sequence or Nanobody against the 1t-6
receptor and a second amino acid sequence or Nanobody directed against anather antigen, in which
said first and second amino acid sequence or Nancbody may optionally be linked via a linker
sequence.

in a preferred, but non-iimiting, example, the multispecific polypeptide of the inventicn
comprises at least one aminoe acid sequence or Nanabody of the invention and at jeast one

Nanobody that provides for an increased hali-life. Some preferred, but non-limiting examptles of such
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Nannhodies include Nanobodies directed against serum proteins, such as human serum atbumin,
thyroxine-binding protein, {human) transferrin, fibrinogen, an immunoglobulin such as 1gG, Igk or
igM, or one of the other serum proteins listed in WO 04/003019.

For example, for experiments in mice, Nanobodies against mouse serum albumin {MSA) can
be used, whereas for pharmaceutical use, Nanobodies against human serum albumin can he used.

Angther embodiment of the present invention is a polypeptide construct as described above
whergin said at least one {human) serum protein is any of {human) serum albumin, {human) serum
immunaoglobulins, (human) thyroxine-binding protein, (human) transferrin, {human) fibrinogen, etc.

Accordingly, in a specific aspect, the polypeptide of the inventten is a trivalent, bispecific
polypeptide, comprising two identical amino acid sequences or Nanobodies against the IL-6 receptor
and a third amine acid sequence or Nanobody directed against (human) serum athumin, in which said
first, second and third amino acid sequence or Nanohody may optionally be linked via one or mare,
and in particular one and more, in particular two, linker sequences.

In another specific aspect, the polypeptide of the invention ts a bispecific polypeptide
comprising a first amino acid sequence or Nanobody against the IL-6 receptor and a second amino
acid sequence or Nanobody directed against (human) serum albumin, in which said first and second
amino acid sequence or Nanchody may optionally be finked via a linker sequence.

According to a specific, but non-limiting aspect of the invention, the polypeptides of the
invention contain, besides the one or more amino acid sequences or Nanobodies of the invention, at
feast one Nanohody against human serum albumin. Although these Nanobodies against human
serum atbumin may be as generally described in the applications by Ablynx N.V. cited above {see for
example W04/062551), according to a particularly preferred, but non-limiting embodiment, said
Nanobody against human serum albumin essentially consists of an amino acid sequence selected
from SEQ 1D NO's: 97-98. '

Some preferred, but non-limiting examples of poiypeptides of the invention that comprise at
least one amino acid sequence or Nanobody against IL-6R and at feast one amino acid sequence or
Nanobody that provides for increased half-life are:

a) SEQID NG's: 70-72;

b} a polypeptide sequence that has no more than 2, preferably no more than 1 amino acid
difference in ane, two or alt of its CDRs of the invention with one of SEQ 1D NO's: 70-72,
provided that the polypeptide seguence with no more than 2, preferably no more than 1
amino acid difference in one, two or all of its CDRs of the invention binds [L-6R with the
same, about the same, or a higher affinity compared to the binding by the one of SEQ 1D

NQ's: 70-72, said affinity as measured by surface plasmon resonance; and
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2 polypeptide sequence that has no more than 2, preferably no more than 1 aminc acid
difference with ane of SEQ 1D NOY's: 70-72, provided that the aminc acid sequence with no
mere than 2, preferably no more thar 1 amino acid difference with ong of SEQ {D NO's: 70-72
binds 1L-6R with the same, about the same, or a higher affinity compared to the bihding by

the one of SEQ ID NO's: 7072, said affinity as measured by surface plasmon resonance.

Some greferred, but non-limiting exampies of trivalent bispecific polypeptides of the invention

are.

a)

SEQ 1P NO's: 71-72;

o) a polypeptide sequence that has no more than 2, preferably no more than 1 aming acid

¢

difference in ane, twe or all of its CDRs of the invention with one of SEQ 1D NO's: 71-72,
provided that the polypeptide seqguence with no more than 2, preferably no more than 1
amine acid difference in one, two or all of its CDRs of the invention binds IL-6R with the
same, about the same, or a higher affinity compared 1o the binging by the one of SEQ ID
NO's: 71-72, said affinity as measured by surface plasmon resonance; and

a polypeptide sequence that has no more than 2, preferably no more than 1 amino acid
difference with one of SEQ ID NO's: 71-72, provided that the amino acid sequence with ne
more than 2, preferably no more than 1 amino acid difference with one of SEQ ID NOY's: 71-72
binds IL-6R with the same, about the same, or a higher affinity compared to the binding by

the one of SEQ 1D NO's: 71-72, said affinity as measured by surface plasmon resonance.

Some preferred, but non-limiting examples of bispecific polypeptides of the invention that

comprise an amino acid sequence or Nanobody against IL-6R and an amino acid sequence or

Nanobody that pravides for increased half-iife are:
a} SEQ D NO: 70;

b} a polypeptide sequence that has no more than 2, preferably no more than 1 amino acid

difference in one, two or all of its CDRs of the invention with SEQ 1D NO: 7C, provided that
tha polypeptide sequence with ne more than 2, preferably no more than 1 amino acid
difference in one, two or all of its CDRs of tha invention binds |1L-6R with the same, about the
same, or a higher affinity compared 1o the binding by SEQ 1D NO: 70, said affinity as
measured by surface plasmon resonance; and

a polypeptide sequence that has no more than 2, preferably no more than L amino acid
difference with SEQ 1B NO: 70, provided that the amino agid sequence with no more than 2,
preferably no more than 1 amino acid difference with SEQ 1D MO: 70 binds IL-6R with the
same, about the same, or a highar affinity compared to the binding by SEQ 1D NO: 70, said

affinity as measured by surface plasmon resonance.
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When comparing two stretches of amino acid residues {or two CDR sequences), the term
"amino acid difference in one, two or all of its CORs of the invention” refers to an insertion, deletion
or substitution of a single aming acid residue on a position of a stretch of amino acid residues {or CDR
sequence) of the Invention comprised in the polypeptide of the invention specified in b) compared to
the stretch of amino acid residues (or COR segquence) of the invention comprised in the polypeptide
of the invention specified in a); it being understood that two stretches of amino acid residues {or CDR
sequences) of the invention can contain one of maximal fwo such amino acid differences.

By “amino acid difference in one, two or all of fts CORs of the invention” is meant that the
amino acid sequence or Nanobody of the invention comprised in the polypeptide of the invention
may have nc more than 2, preferably no more than 1 amino acid difference in its CDR1 and/or no
more than 2, preferably no more than 1 amino acid difference in its CDR2, and/or no more than 2,
preferably no more than 1 amino acid difference in its COR3 {i.e. in CDR1, CDR2 and/or CDR3 that
form the antigen binding site for binding by the compound or polypeptide of the invention to the
speacific eptiope on IL-6R} compared to CDR1, CDR2 and/or COR3 in the amino acid sequence or
Nanobody of the invention comprised in one of the polypeptides of a} {i.e. one of SEQ ID NO's: 60~
69); such as no more than Z, preferakly no more than 1 amino acid difference in its CDRL {i.e. CDR1
that forms the antigen binding site for binding by the compound or polypentide of the invention 1o
the specific eptiope on [L-6R} compared to CDR1 in the amino acid sequence or Nanobedy of the
invention comprised in one of the polypeptides of a) (i.e. CDR1 in one of SEQ 1D NO's: 60-69); or no
more than 2, preferably no more than 1 amino acid difference in its CDR2 (i.e, CDR2 that form the
antigen hinding site for binding by the compound or polypeptide of the invention 1o the specific
eptiope on IL-GR)} cumpared 1o CDR2 in the amino acid sequence or Nanokody of the invention
comprised in one of the polypeptides of a) (i.e. CDR2 in one of SEQ 1D NO's: 60-69); or no more than
2, preferably no mare than 1 amino acid difference in #ts CDR3 (i.e. CDR3 that form the antigen
binding site for binding by the compound or polypeptide of the invention to the specific epticpe on
1L-6R} compared to CDR3 in the amino acid sequence or Nanobody of the invention comprised in one
of the polypeptides of a) {i.e. CDR3 in one of SEQ 1D NO's: 50-6%}); no more than 2, preferably no
morea than 1 amino acid difference in its COR1 {i.e. COR1 that form the antigen binding site for
binding by the compound or poiypeptide of the invention to the specific eptiope on IL-6R) compared
to COR1 in the amino acid seqguence or Nanohody of the invention comprised in one of the
polypeptides of a) (i.e. CDR1 in one of SEQ ID NO's: 60-69) and no more than 2, preferably no more
than 1 amino acid difference In its COR2 {i.e. CDR2 that form the antigen binging site for binding by
the compound or polypeptide of the invention to the specific eptiope on IL-6R) comprised compared
to CDR2 in the amino acid sequence or Nanobody of the invention comprised in cne of the

polypeptides of a} {i.e. CDR2 in one of SEQ iD NO's: 60-69}; or no more than 2, preferably no more
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than 1 amino acid difference in its CDR1 (i.e. CDR1 that form the antigen binding site for hinding by
the compound or polypeptide of the invention to the spacific eptiope on IL-6R) compared to COR1 in
the amino acid segquence or Nanobody of the invention comprised in one of the polypeptides of a}
(i.e. CDR1 in one of SEQID NC's: 60-69) and no mare than 2, preferably no more than 1 amine acid
difference in its CDR3 (i.e. CDR3 that form the antigen binding site for binding by the compound or
polypeptide of the invention to the specific eptiope on IL-6R) compared {o CDR3 in the amino acld
sequence or Nanobody of the invention comprised in one of the polypeptides of a) {i.e. CDR3 in one
of SEQ ID NO's: 50-69); or no mare than 2, preferably no more than 1 amino acid difference in its
CDR2 (i.e. COR2 that form the antigen binding site for binding by the compound or polypeptide of the
invention to the specific eptiope on IL-6R) compared to CDR2 in the amino acid sequence or
Nancbody of the invention comprised in one of the polypeptides of a} {i.e. CDRZ in one of SEQ ID
NO's: 60-69) and no more than 2, preferably no more than 1 amino acid difference in its COR3 {i.e,
CDR3 that form the antigen binding site for binding by the compound or polypeptide of the invention
to the specific eptiope on IL-6R) corpared to CDR3 in the amino acid sequence or Nanobody of the
invention comprised in one of the polypeptides of a) {i.e. CDR3 in ane of SEQ D NO's; 606-69); na
more than 2, preferably no more than 1 amino acid difference in its CDRE (i.e. CDR1 that form the
antigen binding site for binding by the compound or polypeptide of the invention to the specific
eptiape on iL-6R) compared te COR1 in the amino acid sequence or Nanobody of the invention
comprised in one of the polypeptides of a} {i.e. CDR1 in one of SEQ 1D NG's: 60-69} and no more than
2, preferably no more than 1 amino acid difference in fts COR2 (i.e. CDR2 that form the antigen
binding site for binding by the compound or polypeptide of the invention to the specific epticpe on
IL-6R) compared to CORZ in the amino acid sequence or Nanobody of the invention comprised in one
of the polypeptides of a) {i.e, CDR2 in one of SEQLID NO's: 60-69) and no more than 2, preferably no
mare than 1 aming acid difference in its COR3 {i.e. COR3 that form the antigen binding site for
hinding by the compound or polypeptide of the inventicn to the specific eptiope on iL-6R) compared
ta CDR3 in the amino acid sequence or Nanohody of the invention comprised in one of the
palypeptides of a) {Le. CDR3 in one of SEQ D NO's: 60-6%].

The “amino acid difference in one, two ar all of its CDRs” can be any ane or maximal any two
substitutions, deletions or inserfions in one or more of the CORs of the invention, or any combination
thereof, that either improve the properties of the compound or polypeptide of the invention or that
at least do not detract tooc much from the desired praperties ot from the balance or combination of
desired properties of the compound or polypeptide of the invention, in this respect, the resulting
compound or polypeptide of the invention should at least bind HL-6R with the same, about the same
or a higher affinity compared to the compound ar polypeptide comprising the one or more CDRs of

the invention without the one or maximal two substitutions, deletions or insertions, said affinity as
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measured by surface plasmon resonance. The resuiting compounds or polypeptides are preferably
such that they can bind to the specific epitope on the IL-6 receptor, with affinity {suitably measured
and/or expressed as a Ky-vaiue {actual or apparent), a K.-value {actual or apparent), a k.,-rate and/or
2 kogerate, or alternatively as an 1G5y value, as further described herein} that is as defined herein. The
resulting compounds or polypeptides also preferably have a celi based potency and a plasma potency
as defined herein.

In one aspect of the invention, the “amino acid difference in one, two or all of its CDRs” is an
amino acid suhstituticn. The aming acld substitution may be any one or maximal any twe
substitutions in one or maore CORs of the invention that either improve the properties of the
compound or polypeptide of the inventicn or that at least do not detract too much from the desired
properties or from the balance or combination of desired properties of the compound or construct of
the invention. in this respect, the resulting compound or pelypeptide of the invention should at least
bind IL-6R with the same, about the same or a higher affinity compared to the compound or
construct comprising the one or more CDRs of the Invention without the one or maximal iwo
substitutions, said affinity as measured by surface plasmon resonance. The resulting compaunds or
polypeptides are preferably such that they can bind to the specific epitope on the IL-6 receptor, with
affinity {suitably measured and/or expressed as a Ky-valte {actual or apparent), a X.-value {actual or
apparent}, a k.,-rate and/or a krate, or alternatively as an iCg value, as further described herein)
that is as defined herein. The resuiting compounds or polypeptides also preferably have a cell basad
potency and a plasma potency as defined herein. The skilled person will generally be abla to -
determine and select suitabie substitutions, based on the disclosure herein and optionally after a
limited degree of routine experimentation, which may for exampie involve introducing a limited
number of possibie substitutions and determining their influence on the properties of the
compounds or polypentides thus obtained.

The amino acid substitution in one or more of the CDRs of the invention may be any possible
substitution such as a “conservative substitution” {as defined herein), it may be driven by certain
rules {as defined harein), and/or it may induce improved properties to the resulting compounds or
polypeptides (as is further defined herein}.

The invention also relates to a compound or polypeptide that has no more than 2, preferably
no more than 1 amino acid difference with ane of (the full sequence of) SEQID NO's: 706-72.

When comparing two compounds or pelypeptides, the term “amine acid difference” refers to
an insertion, detetion or substitution of a single amino acid residue on a position of the first
compound or polypeptide, compated to the second compound or polypeptide; It belng understood

that two compounds or polypeptides can contain one or maximal two such amino acid differences,
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The "amino acid difference” can be any one or maximal two substitutions, deletions or
insertions in the compound or polypeptide, i.e. in one or more of the framework regions or in one or
more of the CDRs {(which may be ina CDR of the invention {i.e. present in an amino acid sequence or
Nanobody of the invention) or in another CDR {i.e. present in SEQ 1D NO: §8}), in a linker sequence, or
any combination thereof, that either improve the properties of the compound or polypeptide of the
invention or that at least do aot detract too much from the desived propenies or from the balance or
combination of desired properties of the compound or polypeptide of the invention, In this respect,
the resulting compound or polypeptide of the invention should at least bind {L-6R with the same,
aboul the same, or a higher affinity compared to the compound or polypeptide without the one or
maximal two substitutions, deletions or insertions, said affinity as measured by surface plasmon
resonance. The resulting compounds or polypeptides are preferably such that they can bind to the
specific epitope on the iL-6 receptor, with affinity {suitably measured and/or expressed as a Kp-value
{actuai or apparent), o Ky-value {actual or apparent), a kg,-rate and/or a kyrrate, or alternatively as
an 1Cg value, as further describad herein) that is as defined herein, The resulting compounds or
polypeptides aiso preferably have a cell basad potency and a plasma potency as definad herein.

In one aspect of the invention, the “amino acid difference” is an amino acid substitution. The
amino acid substitution may be any one or maximat any two substitutions in the framework regions,
in one or more of the CDRs {which may be in 2 CDR of the invention {i.e. present in an aming acid
sequence or Nanobody of the invention} or in another COR {i.e, present in SEQ ID NQ: $8)), in & linker
seguence, or any combination thereof, that either improve the properfies of the compound or
polypeptide of the invention or that at least do not detract too much from the desired properiies or
from the balance or combination of desived properties of the compound or polypeptide of the
invention. In this respect, the resulting compound or polypeptide of the invention should at least
bind IL-6R with the sams, abeout the same or a higher affinity compared to the compound or
polypeptide without the one or maximal two substitutions, said affinity as measured by surface
plasmon resenance. The resulting compounds or polypeptides are preferably such that they can bind
to the specific epitape on the {L-6 receptor, with affinity {suitably measured and/or expressed as a
Ko-value {actual or apparent), a K.-value {actual or apparent}, a k,-rate and/or a kee-rate, or
alternatively as an ICs value, as further described herein) that is as defined herein. The resulting
compounds or polypeptides also preferably have a cell based potency and a plasma potency as
defined herein.

As indicated above, the substitutions, insertions or deletions can be in one or more of the
framework regions, in one or more of the CDR's, and/or in one or more of the linker sequences. The
substitutions, insertions or deletions in the CDR’s may e any possibie substitutions, insertions or

deletions such as “conservative substitution” {as defined herein), it may be driven by certain rules {as
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defined harein}, and/or it may induce improved properties to the resulting compounds or
polypeptides.

When such substitutions, insertions or deletions are made in one or more of the framework
regions, they may be any possible substitutions, insertions or deletions. They can be made at ohe or
more of the Hallmark restdues {as e.g. defined in WO 08/020679; Tables A-3 to A-8) and/or at one or
more of the other positions in the framework residues, although substitutions, insertions or deletions
at the Hallmark residues are generally less preferred {unless these are suitable humanizing
substitutions as described hergin). By means of non-limiting examples, a substitution may for
example be a conservative substitution {as described herein) and/or an amino acid residue may be
replaced by another amino acid residue that naturally occurs at the same position in another Vi
domain {see WO 08/020079, Tables A-5 to A-8), although the invention is generally not limited
thereto.

Substitutions, insertions or deletions made {preferably) in ane or more of the framework
regions may be sequence optimizing substitutions such as e.g. humanizing substitution. Some
preferred, but non-limiting humanizing substitutions (and suitable combinations thereof) will bacome
clear to the skilled person based on the disclosure herein. Potentiaky useful humanizing substitutions
can be ascertained by comparing the sequence of the framework regions of one of the amino acid
sequence or Nanobodies comprised in one of the polypeptides of the invention defined in a) with the
correspanding framework sequence of one or more closely related human Vy sequences, after which
one or more of the potentially useful humanizing substitutions (ar combinations thereof} thus
determined can be intreduced into said amino acid seguence or Nanobody comprised in one of the
polypeptides of the invention defined in a) {in any manner known per se, as further described herein)
and the resulting humanized polypeptide can be tested for affinity for [L-6R, for stablilty, for ease and
level of expression, and/or for other desired properties defined herein. In this way, by means of 2
limited degree of trial and error, other suitable humanizing substitutions {or suitable combinations
thereof} can be determined by the skilled person based on the disclosure herein,

Depending on the host organism used to express the compound or polypeptide of the
invention, deletions and/or substitutions may also be designed in such a way that one or more sites
for post-translational modification {such as one or more giycosylation sites) are removed, as will be
within the ability of the person skilled in the art. Alternatively, substitutions or insertions may be
designed so as to introduce one or more sites for attachment of functional groups (as described
herein}, for exampie to aliow site-specific pegylaticn (again as described herein).

As can be seen from the data on the Vg entropy and Vy,, variability given in Taisles A-5 — A-8
of WC 08/020079, some aming acid residues in the framewaork regions are more conserved than

athers. Generally, although the invention in its broadest sense is not limited thereto, any
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substitutions, deletions or insertions are preferably made at positions that are less conserved. Alsc,

generally, amina acid substitutions are preferred over amino acid deletions orinsertions,

The resulting compounds of the invention or polypeptides of the invention should preferabiy
bind to 1L-6R with an affinity {suitably measured and/or expressed as a Kp-value {actual or apparent),
a Kq-value (actual or apparent), a ke~rate and/or a keserate, or alternatively as an 105, value, as
further descriped herein) preferahly such that they:

- bind to hIL-6R with a dissociation constant (Kp) of 1 nM to 1 pM moles/litre or less, preferably
500 piM to 1 piv moles/litre or less, more preferably 100 pM 1o 1 pM moles/litre or less, or
even more preferably about 50 pM to 1 pii or less;

and/or such that they:

- bind to cyno IL-6R with 3 dissociation constant (Kp) of 1 nM to 1 pM moles/litre or less,
preferably 500 pM to 1 pivi moleg/litre or tess, more preferakly 100 ph to ¥ pM moles/litre or
less, or even more preferably about 50 pvi to 1 pM or fess;

and/or such that they:

- bind to hIL-GR with a k,.-rate of between 10* M™*s™* to about 107 M™s™, preferably betwsen 10°
M5 and 107 M5, more preferably about 10° M?s™ or more;

and/or such that they:

. bind to cyno IL-6R with a ke,-rate of between 10° M™s™ to about 107 M*s?, preferably between
10° M5 and 107 Mis™*, more preferably about 10° M™s™ ar more;

and/or such that they:
bind to hiL-6R with a k.« rate between 10 5™ {1;,=0.69 5) and 10° s {providing a near
irreversible complex with a ty; of multiple days}, preferably between 107 s* and 10 57, more
preferably between 10° s? and 10° s™, such as about 10° s or fower;

and/or such that they:

- bind to cyno IL-6R with a kq rate between 107 §7 {11,=0.69 s} and 10° 5™ {providing a near
irreversible complex with aty; of multiple days), preferably between 10 5™ and 10° 5™, more
preferably hetween 107 s and 107 s7, such as about 10° s or lower.

Some preferred 1C50 values for binding of the compounds or polypeptides of the invention to
HL-6R will become clear from the further description and examples herein.

The potency and/or efficacy of the polypeptides and compounds of the invention, and of
compositions comprising the same, can be tested using any suitable in vitro assay, cell-based assay,
in vivo assay and/or animal model known per se, or any combination thereof, depending on the
specific disease or disorder involved. Suitable assays and animal models will be claar to the skilled
person, and far example include proliferation assays using IL-6-dependent cell lines including TF-1,

XG1 and 7701, collagen induced arthritis model, transplant model of synovial tissue in SCI0 mice,
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xenograft models of various human cancers, including lymphoma, myelama, prostate cancer and
renal cel! carcinoma, 180 models inciuding TNBS, primate models (such as e.g. described in Shinkura
et al. 1998, Anticancer Research 18: 1217-1222), non-human primate models of arthritic disease (as
e.g described in Vierboom et al., 2008, Drug Discov, Today: Dis Model doi:10.1016/].ddmod,
2008.06.003) as well as the assays and animal models used in the exparimental part below and in the
prior art cited herein {Peake et al., 2006, Rheumatotogy 45: 1485-9; Wahid et al., 2000, Clin, Exp.
Immunol,, 122: 133-142; Matsuno et al,, 1898, Arthritis and rheumatism 41: 2014-202%; WO
08/020079).

For exampie, in the TF-1 assay as described by Kitamura et al. {1988, 4. Cell Physiol. 140: 323),
the compounds of the invention or polypeptides of the invention may have IC50 values (at 100 IU/mL
iL-5) between 10 nM and 50 pM, preferably between 5 nM and 50 pM, more preferably between 1
nM and 50 pM or less, such as about 750 or 500 pM or less. In this TF-1 assay the compaunds of the
invention or polypeptides of the invention may have IC50 values {at 5000 iU/mL IL-6) between 50 nM
and 1 nM, preferably between 25 nM and 1 nM, more preferably between 10 nM and 1 nMor iess,
such as about & nM or less. in this TF-1 assay, the compounds of the invention or polypeptides of the
invention may have 150 values that are at least the same and preferably better, at least two times,
preferabiy three times, more preferably four times, even more preferably 5 times, 7 times or more
than 7 times better compared to the 150 value obtained for the reference 1gG as defined by SEQ 1D
NO’s: 1 and 2 or the reference Fab as defined by SEQLID NO's: 3 and 4 (see Example 1). In this TF-1
assay, the compounds of the invention or polypeptides of the invention may have 1C50 values that
are at least the same and preferably better, at least two times, preferably three times, more
preferably fout times, even more preferably 5 times, 7 times or more than 7 times better compared
to the K50 value obtained for Tociiizumab (MRA).

In & plasma potency assay at EC50 values of 1L-6 {e.g. in the presence of 27.2% ng/mL IL-6 as
described in Exampie 45), the compounds of the invention or palypeptides of the invention may have
IC50 values batween 500 pM and 50 pM, preferably between 250 pM and 50 pM, more preferably
between 200 pivt and 50 pM or less, such as 150 phvi or less. In a plasma potency assay at £C95 vaiues
of IL-6 {e.g. in the presence of 885 ng/mL IL-6 as described in Example 45) the compounds of the
invention or polypeptides of the invention may have 1C50 values between 1000 pM and 100 pM,
preferably between 750 pM and 100 pM, more preferably between 500 pM and 100 pM or less, such
as 400 pM or lesz. In this plasma potency assay, the compounds of the invention or pelypeptides of
the invention may have IC50 values that are at least the same and preferably better, at least fwo
times, preferably three times, more preferably four times, even more preferably 5 times, 7 times or
more than 7 times better comparad to the IC50 value obtained for the reference igG as defined by

SEQID NO's: 1 and 2 or the reference Fab as defined by SEQ 1D NO's: 3 and 4 {see Example 1). in this
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plasma potency assay, the compounds of the invention or polypeptides of the invention may have
IC50 values that are the at least the same and preferably better, at least two times, preferably three
thmes, mare preferably four times, even maore preferably 5 times, 7 times or more than 7 times better
compared 1o the IC53 value obtained for Tocliizumab {MRA).

In an assay for defining binding to membrane 1L-6R oh CHO cells, the compounds of the
invention ar polypeptides of the invention may have IC50 valuas beiween 10 nM and 100 M,
preferably beiween 5 nM and 100 pM, more preferably between 2 nM and 10 pM or less, such as 2
nht or less.

In a preferred aspect, the compound or polypeptide of the invention has or essentially consisis

- of the amino acid sequence of SEQ, ID NO: 70. In anothet preferred aspect, the compound or

polypeptide of the invention has or essentially consists the amino acid sequence of SEG 1D NO: 71.
Polypeptides with these amino acid sequences show improved properties such as e.g. improved
binding and/or &ffinity, improved avidity, improved efficacy and potency, and/or an increased
selectivity, in addition to their capacity fo partially or totally hlock the IL-6/iL-6R interaction, and/for
inhibit signalization through, i-6, IL-6R and/or the IL-6/IL-6R complex.

The invention also relates to a monovalent construct (also referred to as “monovalent
construct of the invention”), comprising or essentiaily consisting of one amine acid sequence or
Nanobody of the invention. Frefarrad menovalent constructs of the invention comprise or essentiaily
consist of SEQ 1D NO's: 60-89, such as SEQ ID NO’s: 65-69, such as e.g. SEQ D NO: 66. Such a
manovalent constructs, as well as the amino acid seguences and Nanobodies of the invention can be
used for the preparation of a compound or polypeptide of the invention, such as e.g. the multivalent
and/ar muitispacific compounds or polypeptides of the invention.

Accordingly, the present invention also relates to the use of an amino acid sequence,
Nanobody or monovalent construct of the invention for the preparation of a compound, construct or
polypeptide of the invention. The invention further relates to a method for the preparation of &
compound, construct or polypeptide of the invention, comprising the linking of an aming acid
sequence, Nanobody or monevalent construct of the inventian 1o one or more other groups,
residues, molgties or binding units. Such a method may comprise the linking of an amino acid
seguence, Nanobody or monovalant construct of the invention to one or more other groups,
residues, moieties or binding units via one or more linkers.

In a preferred aspect the one or more other groups, residues, moieties or binding units are
binding units, such as amino acid sequences or Nanohodies, Accordingly, the present invention also
relates to the use of an amino acid sequence, Nanobody or monovalent construct of the invention for
the preparation of a multivalent and/or multispacific compound, construct or polypegptide of the

invention. The invention further relates to a method for the preparation of a multivalent and/or
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multispecific compound, construct or polypeptide of the Invention, comprising the linking of an
amino acid seauence, Nanobody or monovalent construct of the invention to one aor more ather
binding units, such as amino acid sequences or Nangbodies. Such a method may comprise the linking
of an amino acid sequence, Nanobody aor monovalent construct of the invention to one or more
binding units via one or more linkers.

In a specific aspect, the present invention also relates 1o the use of a monovalent construct
comprising or essentially consisting of one of SEQ 1D NO's: 60-69 (preferably SEQ ID NO's: 65-69,
more preferably SEQ ID NO: 66) for the preparation of a multivalent and/or multispecific compound,
construct or polypeptide of the invention. The invention further relates to a method for the
preparation of a multivalent and/or multispecific compound, construct or polypeptide of the
invention, comprising the linking of 8 monovalent construct comprising or essentially consisting of
one of SEQ 1D NO's: 60-69 {preferably SEQ 10 NO's: 65-68, more preferably SEQ ID NO: 66) 10 one or
more other binding units, such as amino acid sequences or Nanobodies. Such a methad may
comprise the linking of 2 monovalent construct comprising or essentially consisting of ane of SEQ D
NGO's: 60-62 (preferably SEQ 1D NO's: 65-69, mare preferably SEQ [D NO: 66) to one or more binding
units via one or more linkers.

in another specific aspect, the presant invention relates to the use of 3 monovalent construct
comprising or esseniialty consisting of one of SEQ 1D NO's: 60-69 (preferably SEQ 1D NO's; 65-63,
more preferabiy SEQ 1D NO: 66) for the preparation of 3 multivalent and/or multispecific compound,
construct ar polypeptide comprising or essentially consisting of SEQ 1D NO's: ?0—72 {preferably SEQ ID
NO's: 70-71, more preferably SEQ 1D NO: 70 or SEQ 1D NO: 71). The Invention further refatesto a
method for the preparation of 2 multivalent and/or multispecific compound, construct or
polypeptide comprising or essentiatly consisting of SEQ 1D NO’s: 70-72 {preferably SEQ ID NO’s: 70-
71, more preferably SEQ 1D NC: 70 or SEQ ID NO: 71), comprising the linking of @ monovalent
construct comprising or essentially consisting of one of SEQ D NO's: 60-69 (preferably SEQ ID NO's:
65-69, more preferably SEQ 1D NO: 66) to an amine acid sequence comprising or essential consisting
of SEQ ID NO: 98 via one or more linkers,

Suitable spacers or linkers for use in multivalent and/or multispecific polypeptides will be clear
to the skilfed person, and may generally be any linker or spacer used in the art to link amine acid
seqguences. Preferably, said linker or spacer is suitable for use in construciing proteins or
polypeptides that are intended for pharmaceutical use.

Some particularly preferred spacers include the spacers and linkers that are used in the art to
link antibody fragments or antibody domains. These include the linkers mentioned in the genaral
background art cited above, as well as for example linkers that are used in the art to construct

diabodias or 5cFv fragments {in this respect, owever, its should be noted that, whereas in diabodies
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and in ScFv fragments, the linker sequence used should have a length, a degree of flexibitity and
other properties that allow the pertinent vV, and V domains to come together to form the complete
antigen-binding site, there is no particular limitation on the length or the flexibility of the linker used
in the polypeptide of the invention, since each amine acid sequence or Nanobody by itself forms a
complete antigen-binding sita}.

For example, a linker may be a suitable amino acid sequence, and in particular amino acid
seguences of between 1 and 50, preferably between 1 and 30, such as betwean 1 and 20 or between
1 and 16 amino acid residues, Some preferred examples of such amino acid sequences include gly-ser
linkers, for example of the type (gly.ser,),, such as (for example {gly.ser); or (glyssery}y, as described in
WO 99/42077, hinge-iike regions such as the hinge regions of naturally occurring heavy chain
antibodies or similar sequences (such as described in WO 94/04678 }.

Some other particularly preferred linkers are poly-zlanine {such as AAA), as well as the linkers
mentioned in Tabie B-8, of which AAA, GS-7 and G5-9 are particularly preferrad,

QOther suitable linkers generally comprise organic compounds ar polymers, in pasticular those
suitable for use in proteins for pharmaceutical use. For instance, poly{ethylenegiycol) moieties have
been used to link antibody domains, see for example WO 04/081026.

It is encompassed within the scope of the invention that the length, the degree of flexibility
and/or other properties of the linker(s) used {although not critical, as it usually is for linkers used in
ScFv fragments) may have some influgnce on the properties of the final polypentitde of the invention,
including but not limited to the affinity, specificity or avidity for the IL-6 receptor, or for one or more
of the other antigens. Based on the disclosure herein, the skified person will be able {6 determine the
ogptimal finker{s) for use in a specific polypeptide of the invention, optionally after some limited
routine experiments.

it is atso within the scope of the invention that the linker(s} used confer one or more other
favourable properties or functionality to the polypeptides of the invention, and/or provide one or
moré sites for the formation of derivatives and/or for the attachment of functional groups (e.g. as
described herein for the derivatives of the amino acid sequences, Nanohodies, compounds and
polypeptides of the invention). For example, linkers containing one or more charged amino acid
residues can provide improved hydrophilic properties, whereas linkers that form or contain small
epitopes or tags can be used for the purposes of detection, identification and/or purification. Again,
based on the disclosure herein, the skilied person will be able to determine the optimal linkers for
use in a specific polypeptide of the invention, optionally after some fimited routine experiments,

Finally, when two or more linkers are used in the polypeptides of the invention, these finkers

may he the same or different. Again, based on the disclosure herein, the skilled person wilt be able to
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determine the optimal linkers for use in a specific polypeptide of the invention, optionally after some
limited routine experiments,

Usually, for easy of expression and production, a polypeptide of the invention will be a linear
polypepiide. However, the inventicn in its broadest sense is not [imited thererto. For example, when
a palypeptide of the invention comprises three of more amino acid seguences or Nanobodies, it is
possible to link them by use of a linker with three or more “arms”, which each “arm” being linked to
an aming acid sequence or Nanabody, so as to provide a “star-shaped” construct. It is also possible,
although usually fess preferred, 10 use circular constructs.

The invention in its broadest sense also comprises derivatives of the amino acid sequences,
Nanohodies, compounds or polypeptides of the invention, Such derivatives can generally be cbizined
by modification, and in particufar by chemical and/or biological {e.g enzymatical) modification, of the
amina acid sequences, Nanobodies, compounds or polypeptides of the invention and/or of one or
more of the amino acid residues that form the amino acid sequences, Nanobodies, compounds or
polypeptides of the invention.

Examples of such modifications, as well as examples of amino acid residues within the amino
acid sequence, Nanobody sequence, compound or polypeptide sequences that can be modified in
such a manner (i.e. either on the protain backbone but preferably on a side ¢hain), methods and
technigues that can be used to introduce such modifications and the potential uses and advantages
of such modifications will be clearto the skilled person.

For example, such a modification may involve the introduction (e.g. by covalent linking or in
an other suitable manner) of one or more functional groups, residues or moieties into or onto the
amino acid sequence, Nanchody, compound or pelypeptide of the invention, and in particular of one
or more functional groups, residues or moietias that confer one or more desired properties or
functionalities to the amino acid sequence, Nanohody, compound or polypeptide of the invention.
Example of such functional groups will be ciear to the skilled person.

For exampie, such modification may comptise the introduction (e.g. by covalent binding or in
any other suitable manner) of one or more functional groups that that increase the halfdife, the
sotubility and/or the absorption of the amino acid sequence, Manobody, compound er poiypeptide of
the invention, that reduce the immunogenicity and/or the toxicity of the amino acid sequence,
Nanobody, compound or polypeptide of the invention, that eliminate or attenuate any undesirable
sigie effects of the amino acid sequence, Nanobody, compound or polypeptide of the invention,
and/or that confer other advantageous properties te and/or reduce the undesired properties of the
amino acid sequence, Nanobody, compound or polypeptide of the invention; or any combination of
two or more of the foregoing. Examples of such functional groups and of technigues for introducing

them will be clear to the skilled person, and can generally comprise all functional groups and
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technigues mentioned in the general background art cited hereinabove as wefl as the functional
groups and technigues known per se for the modification of pharmaceutical proteins, and in
particular for the modification of antibodies or antibody fragments {including ScFv's and single
domain antibodies), for which reference is for example made 1o Remingion's Pharmaceutical
Sciences (1880, 16th ed., Mack Publishing Co., Easten, PA). Such functionai groups may for example
be linked directly {for example covalently) to an aminc acid seguence, Nanobody, compound or
polypeptide of the invention, or optionally via a suitable linker or spacer, as will again be clear to the
skitied person.

One of the most widely used technigues for increasing the half-life and/or reducing the
immunogenicity of pharmaceutical proteins comprises attachment of a suitable pharmacologically
acceptable polymer, such as poly{ethyleneglycol) {PEG} or derivatives thereof {such as
mathoxypoiy{ethyleneglycol} or mPEG). Generally, any suitable form of pegylation can be used, such
as the pegylation used in the art for antibodies and antibody fragments (including but not limited to
{single) damain antibodies and ScFv's); reference is made to for example Chapman {2002, Nat.
Biotechnol, 54: 531-5345); by Veronese and Harris {2003, Adv. Drug Deliv. Rev. 54: 453-458), by Harris
and Chess (2003, Nat. Rev. Drug. Discov., 2: 214-21) and in WO 04/060965. Various reagents for
pegylation of proteins are also commercially available, for example from Nekiar Therapeutics, USA.

Preferably, site-divected pegylation is used, in particular via a cysteine-residue [see for
example Yang et al. (2003, Pratein Engineering, 16 {10} 761-770). For example, for this purpose, PEG
may be attached 1o a cysteine residue that naturally cccurs in an amino acid seguence, Nanobady,
compound or polypeptide of the invention, an amino acid sequence, Nanobody, compound or
polypeptide of the invention may be modified so as to suitably introduce one or more cysteine
residues for attachment of PEG, or an amino acid seguence comprising one or more cysieine residues
for attachmeant of PEG may be fused to the N- and/or C-terminus of an amino acid sequence,
Nanobody, compound or polypeptide of the invention, all using technigues of protein engineering
known per se to the skilled person,

Preferably, for the amino acid sequences, Nanobodies, compounds or polypeptides of the
invention of the invention, a PEG is used with a molecular weight of more than 5000, such as more
than 10,000 and less than 200,000, such as less than 100,000; for exampte in the range of 20,000-
$0,000. _

Another, usually less preferred modification comprises N-linked or O-linkad glycosylation,
usuaily as part of co-translational and/or post-translational modification, depending on the host cell
used for expressing the amine acid sequence, Nanobody, compound or polypepiide of the invention.

Yet another modification may comprise the introduction of one or more detectable labels or

other signal-generating greups or moieties, depanding on the intended use of the labelled amino acid
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sequence, Nanobody, compound or pofypeptide of the invention. Suitable tabels and techniques for
attaching, using and detecting tham will be clear to the skilled person, and for example include, but
are not limited to, fluorescent labels {such as fluorescein, isothiocyanate, rhodamineg, phycoerythrin,
phycocyanin, allophycocyanin, o-phthaldehyde, and fluorescamine and fiuorescent metats such as
126y or others metals from the lanthanide series), phosphorascent labels, chemiluminescent labels
or bioluminescent tabels {such as luminal, isoluminol, theromatic acridinium ester, imidazote,

acridinium salts, oxalate ester, dioxetane or GFP and its aralogs ), radio-isatopes (such as *H, 2|, ¥p

5, ¢, *icr, *CL, Pco, ®Co, PFe, and 7*Se), metals, metais chelates or metallic cations (for example
metallic cations such as >77c, 21, M, P11, PRy, Teu, ¥Ga, and ®Ga or other metals or metaliic
cations that are particularly suited for use in in vivo, in vitro or in situ diagnosis and imaging, such as
(*Gd, **Mn, ***py, **Cr, and **Fe), as well as chromophores and enzymes {such as malate
dehydrogenase, staphylococcal nuclease, delta-V-sterpid isomerase, yeast alcohol dehydrogenase,
alpha-glycerophosphate dehydrogenase, triose phosphate isomerase, hiotinavidin peroxidase,
horseradish peroxidase, alkaline phosphatase, asparaginase, glucose oxidase, B-galactosidase,
rinonuclease, urease, catalase, giucose-Vi-phosphate dehydrogenase, glucoamylase and
acetylcholine esterase). Other suitable tabels will be claar to the skilled person, and for example
include moieties that can be detected using NMR or ESR spectroscopy.

Such labelled amino acid sequences, Nanohodies, compounds or polypeptides of the
invention may for example be used for in vitro, in vive or in sftu assays {including immunoassays
known per se such as ELISA, RIA, EIA and other “sandwich assays”, etc.) as well as in vivo diagnostic
and imaging purposes, depending on the choice of the specific lahel.

As will be clear to the skilled person, another modification may involve the introduction of a
chelating group, for example to chelate one of the metals or metallic cations referred to above,
Suitable chelating groups far example include, without limitation, diethyl-enetriaminepentaacetic
acid (DTPA) or ethylenediaminetetraacetic acid {EDTAL

Yet another medification may comprise the introduction of a functional group that is one
part of a specific binding pair, such as the hiotin-{streptjavidin binding pair. Such a functienal group
may be used to link the amino acid sequence, Nanchody, compound or polypeptide of the invention
fo another protein, polypeptide or chemical compound that is bound to the other half of the binding
pair, i.e. through formation of the binding pair. For example, an amino acid sequence, Nanobady,
compound or polypeptide of the invention may be conjugated to biotin, and linked to another
protein, polypeptide, compound or carrier conjugatad to avidin or streptavidin. For example, such a
conjugated amino acid sequence, Nanohody, compound or pelypeptide of the invention may be used
as a reporter, for example in a diagnostic sysiem where a detectable signal-producing agent is

corjugated to avidin or streptavidin. Such binding pairs may for exampte also be used to bind the
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amino acid sequence, Nanobody, compound or polypeptide of the invention to a carrier, including

carriers suitable for phasmaceutical purposes. One non-limiting example are the liposomai

formutations described by Cao and Suresh {2000, Journal of Drug Targetting, 8 (4): 257). Such binding
pairs may also be used to Hink a therapedatically active agent to the amino acid sequence, Nanobody,
compound or polypeptide of the invention,

Other potential chemical and enzymatical modifications wilt be ciear to the skilied person.
Such modifications may also be introduced for research purposeas [e.g. to study function-activity
relationships). Reference is for example made to Lundbiad and Bradshaw {1997, Biotechnol. Appl.
Biochem,, 26 143-151).

Preferably, the derivatives are such that they bind to the specific eptiope on the IL-6
receptor, with an affinity (suitably measured and/or expressed as a Kg-value (actual or apparent), a
K:-value {actual or apparent), a k,-rate and/or a kg-rate, or alternatively as an ICg, value, as further
described herein) that is as defined herein.

in particular, such derivatives of the invention are preferably such that they:

- bind to hiL-6R with a dissociation constant {Ko} of 1 nM 1o 1 pM molesflitre or less, preferably
500 pM to 1 pM moles/litre or less, more preferably 100 pM to 1 pM moles/litre or less, or
even more preferably about 50 pM to 1 pM or less;

and/or such that they:

- bind to cyno IL-BR with a dissociation constant (Ky) of 1 nM to 1 pM moles/litre or less,
preferably 500 pM to 1 pM moles/iitre ar iess, more preferably 100 pM to 1 pM mcles/iitre or
less, or even more preferably about 50 pM to 1 pM or less;

and/or such that they:

- bind to hIL-6R with a k,,-rate of between 10° M s to about 10” M™s™, prefarably betwean 10°
M5 and 10" M7s™, more preferably about 10° M7s™ or more;

and/or such that they:

- hind to cyno IL-6R with a k..-rate of between 16* M7s? to about 10° M7s™, preferably between
10° M and 107 M5, more preferably about 10° M™s™ or more;

and/or such that they:

- bind to hIL-6R with a ke rate between 107 57 {t,,,=0.69 s) and 10° s {providing a near
irreversible complex with a ty, of multiple days), preferably between 30" s* and 10° 5™, more
preferably between 107 s and 10° ¢4, such as about 107 s or lower;

and/or such that they:

- bind to cyno IL-6R with a ko rate between 167 s™ (t,,=0.69 s and 10°° s (providing a near
irreversible complex with a ty; of multiple days), preferably between 107 s and 10° 5%, more

preferably between 107 7 and 10% 57, such as about 107 5™ or lower.
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As mentioned above, the invention also relates to proteins or polypaptides that essentially
consist of or comprise at least one amino acid sequence, Nancbady, compound or polypeptide of the
invention. By “essentially consist of” is meant that the amino acid sequence of the protein or
polypeptide of the invention either is exactly the same as the amino acid sequence, Nanobady,
compound or polypeptide of the invention or corresponds to the amino acid sequence, Nanobody,
compeund or polypeptide of the invention which has a limited number of amino acid resi¢ues, such
as 1-20 amino acid residues, for example 1-10 amino acid residues and preferably 1-6 amino acid
residuses, suc.h as 1, 2,3, 4,5 0r 6 amino acid residues, added a2t the amino terminat end, at the
carboxy terminal end, or at both the amino terminal end and the carboxy terminal end of the amino
acid sequence, Nanobody, compound or polypeptide.

Said amine acid residues may or may not change, alter or otherwise influence the (biological)
properties of the amino acid sequence, Nanobody, compound or polypeptide of the invention and
may or may not add further functionality to the amino acid sequence, Nanohody, compound or
polypeptide. For exampie, such amino acid residues:

a) can comprise an N-terminal Met residue, for example as result of expression in a heterologous
host cell or host organism.

b} may form a signal sequence or leader sequence that directs secretion of the amino acid
sequence, Nanobody, compound or polypeptide from a host cell upon synthesis, Suitable
secretory leader peptides will be clear to the skilled person, and may be as further described
herein, Usually, such a leader sequence will be [inked to the N-terminus of the amino acid
sequence, Nanobody, compound or polypeptide, although the invention in its broadest sense
is net limited thereto;

c} ray form a sequence or signal that allows the amino acid sequence, Nanobody, compound or
polypeptide 1o be directed towards and/or to penetrate or enter into spacific organs, tissues,
celis, or parts or compartments of cells, and/or that allows the amino acid sequence,
Naneobody, compound or pelypeptide to penetrate or cross a biolegical barrier such as a cell
membrane, a cell layer such as a layer of epithelial cells, a tumor inciuding solid tumors, or the
blocd-brain-harrier. Exampies of such amino acid sequences will be clear to the skilled person,
Some non-limiting examples are the smail paptide vectors {“Pep-trans vectors”) described in
WO 03/026700 and in Temsamani et al,, Expert Opin. Biol. Ther,, 1, 773 (2001}; Temsamani
and Vidal, Drug Discov. Teday, 9, 1012 {004} and Rousselle, 1. Pharmaco!. Exp. Ther., 296, 124-
131 {2001), and the membrane translocator sequence described by Zhao et al, Apoptosis, §,
£31-637 (2003). C-terminal and N-terminal amino acid sequences for intracefular {argeting of
antibedy fragments are for exampie described by Cardinale et al., Methods, 34, 171 {2004}

Other suitable technigues for intracelivtar targsting involve the expression and/or use of so-
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called “intrabodies” comprising a amine acid seguence, Nanobody, compound or polypeptide
of the invention, as mentioned helow;

may form a “tag”, for example an amino acid sequence or residue that allows or facititates the
purification of the amino acid sequence, Nanohody, compound or polypeptide, for example
using affinity techniques divected against sald sequence or residue. Thereafter, said sequence
or residue may be removed (g.g. hy chemical or enzymatical cleavage) to provide the amino
acid sequence, Nanobody, cormpound or polypeptide (for this purpese, the tag may optionally
be linked to the amino acid seguence, Nanobody, compound or polypeptide sequence via a
cleavable linker seguence or contain a cleavable motif). Some preferred, but nen-limiting
exampies of such residues are multiple histidine residuss, glutatione residues and a myc-tag
such as AAAEQKLISEEDLNGAA (SEQ ID NO: 100);

niay be one or more aming acid residues thet have been functionalized and/or that can serve
as a site for attachment of functional groups. Suitable amino acid residues and functional
groups will be ciear to the skilied person and include, but are not iimited to, the amino acid
residues and functionat groups mentioned herein for the derivatives of the amino acid
sequences, Nanohodies, compounds or polypeptides of the invention.

The aming acid sequences, Nanobedies, polypepiides and nucleic acids of the invention can be

prepared in a manner known per se, as will be clear to the skilled person from the further description

herein. For example, the amino acid sequences, Nanchodies and polypetides of the invention can be

prepared in any mannar known per se for the preparation of antibodies and in particular for the

preparation of antibody fragments (including but not limited to {single} domain antibodias and ScFv

fragments). Sorme preferred, but non-limiting methods for preparing the amino acid seguences,

Nanobodies, polypeptides and nucleic acids inchide the methods and technigues described herein,

As will be clear {o the skilled persen, one particuiarly useful method for preparing an amino

acid sequence, Nanobody and/or a polypeptide of the invention generally comprises the steps of:

the expression, in a suitable host celf or host arganism (also referrad to herein as a “host of the
invention”) or in another suitable expression system of a nucleic acid that encodes said amino
acid seguence, Nanahody or polypeptide of the invention (also referred to herein as a “nucleic
acid of the invention”), optionatly foliowed by:

isolating and/or purifying the aminc acid sequence, Nanohody or polypeptide of the invention
thus obiained.

In particular, such a method may comprise the steps of;

cultivating and/or maintaining a host of the invention under conditions that are such that said
host of the invention expresses and/or produces at least one amino acid sequence, Nanobody

and/or polypeptide of the invention; optionally foliowed by:
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- isolating and/or purifying the amino acid seguence, Nanobody or polypeptide of the invention
thus obtained.

Accordingly, the present invention also relates o a nucleic acid or nucleotide seguence that
encodes an amino acid sequence, a Nanobedy, a polypeptide or a monovalent construct of the
invention (atso referred to as "nucleic acid of the invention” or “nucleotide sequence of the
invention”). A nucleic acid of the invention can be in the form of single or doubte stranded DNA ar
RMA, and is preferably in the form of double stranded DNA. For example, the nucleotide sequences
of the invention may be genomic DNA, cDNA or synthetic DNA {(such as DNA with a codon usage that
has been specifically adapted for expression in the intended host cell or host organism).

According to one embodiment of the invention, the nucleic acid of the invention is in
essentially isolated from, as defined herein. The nucleic acid of the invention may also be in the form
of, be present in and/or be part of a vector, such as for example a plasmid, cosmid or YAC, which
again may be in essentially isolated form,

The nucleic acids of the invention can be prepared or obteined in @ manner known per se,
based on the information on the aming acid sequences, Nanobodies and/or polypeptides of the
invention given herein, and/or can be isoiated from a suitable natural source. Also, as will be clear to
the skilled person, to prepare a nucleic acid of the invention, alse several nucleotide sequences, such
as at least one nucleotide sequence encoding an amino acid sequence or Nanobody and for example
nucieic acids encoding one or more linkers can be linked together in a suitable manner.

Tachniques for generating the nucleic acids of the invention wilt be clear to the skilled person
and may for instance include, but are not limited to, automated DNA synthesis; site-directed
mutagenesis; combining two or mare naturally occuriing and/or synthetic sequences {or two or more
parts thereof), introduction of mutations that lead to the expression of a trunicated expression
product; intreduction of one or more rastriction sites {e.g. 10 create cassettes and/or regions that
may easily be digested and/or Higated using suitable restriction enzymes), and/or the introducticn of
mutations by means of a PCR reaction using one or more “mismatched” primers. These and other
techniques will be clear to the skilled person, and reference is again made to the standarg
handbooks, such as Sambrook et al. and Ausunel et al., mentioned above, as well as the Examples
below.

The nucleic acid of the invention may also be in the form of, be present in and/or be part of a
genetic construct, as will be clear to the person skilled in the art. Such genetic constructs generally
comprise at least one nucleic acid of the invention that is optionally linked to one or more elemants
of genetic constructs known per se, such as for example one or more suitable regulatory elements

{such as a suitabie promoter(s), enhancer(s), terminator{s), etc.) and the further elements of genetic
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constructs referred to herein, Such genetic construces comprising at least one nucleic acid of the
invention will also be referred to herein as "genetlz constructs of the invention”.

The genetic constructs of the invention may be DNA or RNA, and are praferably double-
stranded DNA. The genetic constructs of the invantion may also be in a form suitable for
transformation of the intended host cell or host organism, in a form suitabie for integration into the
genomic DNA of the intended host celf or in a form suitable for independent replication,
maintenance and/or inheritance in the intended host organism. For instance, the genetic constructs
of the invention may be in the form of a vector, such as for example a plasmid, cosmid, YAC, a viral
vector or transpoason. In particular, the vector may be an expression vector, i.e. a vector that can
provide for exgression in vitro and/or in vivo {e.g. in a suitabie host cell, host organism and/or
expression system).

In a preferred but non-limiting embodiment, a genetic construct of the invention comprises
al  atleast one nucleic acid of the inventian; operably connected to
b) one or more regulatory elements, such as 2 promoter and optionally a suitabie terminator;
and optionally also
c) one or more further elements of genetic constructs known per se;

in which the terms “reguiatory element”, “promaoter”, “terminator” and “operably connected”
have their usual meaning in the art {as further described herein); and in which said “further
glements” present in the genetic constructs may for example be 27~ or 5'-UTR sequences, leader
sequences, selection markers, expression markers/reporter genes, and/or elements that may
facilitate or increase (the efficiency of) transformation or integration. These and other suitable
efements for such genetic constructs will be clear to the skilied person, and may for instance depend
upon the type of construct used, the intended host cell or host.orga nism; the manner in which the
nucleotide sequences of the invention of interest are to be expressed {e.g. via constitutive, transient
or inducibie expression); and/or the transformation technigue to be usad. For example, regulatory
seguences, promoters and terminators known per se for the expression and production of antibodies
and antibody fragments {including but not limited to {single) domain antibodies and ScFv fragments)
may be used in an essentially analogous manner.

Preferably, in the genetic constructs of the invention, said at least one nucleic acid of the
invention and said regulatory elements, and optionally said one or more further elements, are
“operably linked” to each other, by which is genaraliy meant that they are in a functional relationship
with each other. For instance, a promoter is considered “operably linked” to a coding sequence if
said promoter is able to initiate or otherwise control/regulate the transcription and/or the expression
of a coding sequance {in which said coding sequence should be understood as being "undar the

control of” said promotor). Generally, when two nuclectide sequences are operably linked, they will
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be in the same orientation and usually also in the same reading frame. They will usually also be
essentially contiguous, although this may also not be required.

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

For instance, a promoter, enhancer or terminator should he “operabie” in the intended host
cell or host organism, by which is meant that (for example} said promoter should be capable of
initiating or otherwise controlling/regulating the transcription and/or the expression of a nucleotide
seqguence - e.g. a coding sequence - to which it is operably linked {as defined herein).

Some particulariy preferred promotars include, but are not limited to, promoters known per se
for the expression in the host celis menticned herein; and in particular promoters for the expression
in the bacterial cells, such as those mentioned herein and/or those used in the Examples.

A selection marker should be such that i allows - i.e. under appropriate selection conditions -
host cells andfor host organisms that have been {successfully) transformed with the nuclectide
seguence of the invention to be distinguished from host celis/organisms that have not been
{successfully) transformed. Some preferred, but non-limiting examples of such markers are genes
that provide resistance against antibiotics (such as kanamycin or ampicillini, genes that provide for
temperature resistance, or genes that allow the host cell or host organism to be maintained in the
absence of certain factors, compounds and/or [foed) components in the madium that are essential
for survivai of the non-transformed cells or organisms. |

Aleader sequence should be such that - in the intended host cell or host organism - it aliows
for the desired post-transiational modifications and/or such that it directs the transcribed mRMNAto 2
desired part or organelie of a celi. A leader sequence may also allow for secretion of the expression
product from said cell. As such, the ieader sequence may be any pro-, pre-, or prepro-sequence
operable in the host cell or host organism. Leader sequences may not be required for expression in a
hacterial cell. For example, leader sequences kaown per se for the expression and production of
antibodies and antibody fragments {including but not limited to single domain antibodies and ScFv
fragments} may be used in an essentially anaiogous manner.

An expression marker cr reporter gene should be such that - in the hest cell or host erganism -
it altows for detection of the expression of {a gene or nucleotide sequence present on) the genetic
construct. An expression marker may optionally aiso ailow for the localisation of the expressed
product, e.g. in a specific part or organeile of a cell and/or in {a) specific cell{s), tissuels), organ(s) or
part!{s} of & multicellular organism. Such reporter genes may alsc be exprassed as a protein fusion
with the amino acid sequence, Nanobody or polypeptide of the invention. Some preferred, but non-

fimiting examples include fluoresecent proteins such as GFP.
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Some preferred, but non-limiting examples of suitable promoters, terminator and further
elements include those that can be used for the expression in the host cells mentioned herein; and in
particular those that are suitable for exprassion in bacterial cells, such as those mentioned herein
and/or those usad in the Examples below. For some {further) non-limiting examples of the
promoters, selection markers, ieader sequences, expression markers and further elements that may
be present/usad in the genetic constructs of the invention - such as terminators, transcriptional
and/or translationat enhancers and/or integration factors - reference is made to the general
handbooks such as Sambrook et al. and Ausubei et al. mentioned above, as well as to the examples
that are given in WO 95/07463, WO 96/23810, W0 95/07463, WO 95/21191, W0 §7/11094, WO
97742320, WO 98/06737, WO 98/21355, US 7,207,410, US 5,693,492 and EP 1085089. Other
examples will be clear to the skilled person. Reference is also made to the general background art
cited above and the further references cited hergin.

The genetic constructs of the invention may generally be provided by suitably linking the
nucieotide sequence(s) of the invention to the one or more further elements described above, for
example using the techniques described in the general handbooks such as Sambrock et al. and
Ausubel et al., mentioned above,

Often, the genetic constructs of the invention will be obtained by inserting a nucleotide
sequence of the invention in a suitable {expression) vector known per se. Some preferred, but non-
limiting examples of suitable expression vectors are those used in the Examples below, as well as
those mentioned herein.

The nuclaic acids of the inventian and/er the genetic constructs of the invention may be used
to transform a host cell or host organism, i.e. for expression and/or production of the amino acid
sequence, Nanobody or polypeptide of the invention, Suitable hosts or host cells will be clear to the
skilled persor, and may for exampie be any suitable fungal, prokaryotic or eukaryotic celi or cell ling
or any suitable fungai, prokaryotic or eukaryotic organism, for example:

- a bacterial strain, including but not limited to gram-negative strains such as strains of
Escherichia coli; of Proteus, for example of Proteus mirobilis; of Pseudomonas, for example of
Pseudomonuos fluorescens; and gram-positive strains such as strains of Baciflus, for exampie of
Bacillus subtilis or of Bacillus brevis; of Streptomycees, for example of Streptomyces lividans; of
Staphylococcus, for example of Staphylococcus carnosus; and of Lactacoccus, for example of
Lactocaccus factls;

- a fungal cell, including but not mited to cells from species of Trichoderma, for example from
Trichoderma reesel; of Neurospora, for exampie from Neurospora crasse; of Sordaria, for
example from Sordaria macrospora; of Aspergillus, Tor example from Aspergiiius niger or from

Aspergifius sojae; or from other filamentous fungi;
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- a yeast cell, inciuding but not limited to cells fror species of Saccharomyces, for example of
Saccharomyces cerevisiae; of Schizosaccharomyces, for example of Schizosaccharomyces
pomie; of Pichia, for exampie of Pichio pastoris or of Pichia methanofica; of Hansenula, for
example of Hansenulo polymorpha; of Kiuyveromyces, for example of Kluyveromyces lactis; of
Arxula, for example of Amxulo aodeninivorans; of Yarrowia, for exampie of Yarrowio lipolytica;

- an amphibian cell or cell tine, such as Xenopus cocytes;

- an insect-derived cell or cell line, such as cells/cell lines derived from lepidoptera, including but
not limited to Spodoptera SFG and 5f21 cells or celis/cell iines derived from Drosophiia, such as
Schneider and Kc cells;

- a plant or plant cell, for example in tobacco plants; and/or

- a mammalian celi or cell line, for example a cell or cell line derlved from a human, acell ora
cell line from mammals including but not limited to CHO-cells, BHK-cells (for example BHK-21
celis) and human cells or cell lines such as Hela, COS {for example C0OS-7) and PER.C6 cells;

as well as all other hosts or host calls known per se for the expression and production of antibodies

and antibody fragments (including but not limited to {single} domain antibodies and ScFv fragments),

which will be clear 1o the skilled parson. Reference is also made to the general background art cited
hereinabove, as well as 1o for example WO 94/29457; WO 96/34103; W0 99/42077; Frenken et al.

{1998, Res. Immunol. 146{8): 583-93}, Riechmann and Muyldermans {1995, J. immuno}, Methods,

231{1-2): 25-38}, van der Linden (2000, J. Biotechnol. 83(3): 261-70}, loosten et al. {2003, Microb.

Celi Fact. 2{1}: 1), Joosten et al. {2005, Appl. Microbiol, Biotechnol, 66(4): 384-82.); and the further

references cited harein.

The amino acid sequences, Nanobodies and polypeptides of the invention can also be
introduced and expressed in one or more cells, tissues or organs of a multiceliular organism, for
example for prophylactic and/or therapeutic purposes {e.g. as a gene therapy). For this purpose, the
nucleotide sequences of the invention may be introduced into the cells or tissues in any suitable way,
for example as such {e.g. using lipusomes) or after they have been inserted into a suitable gene
therapy vector {for example derived from retroviruses such as adengvirus, or parvoviruses such as
adeng-associated virus). As will alsc be clear to the skilled person, such gene therapy may be
performed in vivo and/or in situ in the body of 2 patient by administering a nucleic acid of the
invention or a suitable pene therapy vector encoding the same to the patient or to specific cells or a
specific tissue or organ of the patient; or suitable celis {often taken from the body of the patient to
be treated, such as explanted lymphocytes, bone maryow aspirates or tissue biopsies) may be treated
inn vitro with a nucieotide sequence of the invention and then be suitably {re-Jintroduced into the
hody of the patient. Al this can be performed using gene therapy vectors, technigues and delivary

systems which are well known to the skilled person, and for exampile described in Culver K, W, {1934,
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“Gene Therapy”, p. xii, Mary Ann Liebert, Inc,, Publishers, New York, N.Y), Giordano {1596, Nature F
Medicine 2; 534-539), Schaper {1696, Circ. Res. 79: 911-919), Anderson {1992, Science 256: 808-813),
Verma {1994, Nature 389: 2309); isner (1996, Lancet 348: 370-374), Muhlhauser {1995, Circ, Res, 772
1077-1086); Onadera (1998, Blood 91: 30-36); Verma {1998, Gene Ther. 5. 692-699); Nabel {1997,
Ann. N.Y. Acad. Sci,, 811; 289-292), Verzelett] {1998, Hum. Gene Ther, 9: 2243-51); Wang 1996,
Nature Medicine 2: 714-716), WO 94/294869, WO 97/00957, US 5,580,859, or Schaper {1996, Current
Opinion in Biotechnology 7: 6§35-640). For example, in situ expression of ScFv fragments {Afanasieva
et al. {2003, Gene Ther,, 10: 1850-1858) and of diabodies {Blanco et al., 2003, !, immunal., 171: 1070-
1077) has been described in the art.

For expression of the amino acid sequences, Nanobodies or polypeptides in a cell, they may
also ha expressed as so-called "intrabodies”, as for example described in WO 94/02610, WO
95/22518, US 7,004,940, WO 03/014960, in Cattaneo A, and Blocca S. {1997, Intraceilular Antibodies:
Deveiopment and Apglications, Landes and Springer-Verlag) and in Kontermann (2004, Methods 34:
163-170).

The amine acid sequences, Nanobodies and polypeptides of the invention can for example also
be produced in the mitk of transgenic mammals, for example in the milk of rabbits, cows, goats or
sheep {(see for example US 6,741,957, US 6,304,488 and US 6,848,992 for general technigues for
introducing transgenes into mamimals], in plants or parts of plants including but not limited to their
leaves, flowers, fruits, seed, roots or turbers {for exampie in tobaceo, maize, soybean or alfalfa) orin
for exampie pupae of the sitkworm Bombix mori.

Furthermore, the amino acid seguences, Nanobodies and polypeptides of the invention can
also be expressed and/or produced in celi-free expression systems, and suitable examples of such
systems will be clear to the skilled person. Some preferred, but non-limiting examples include
expression in the wheat germ system; in rabbit reticulocyte ysates; or in the £, coli Zubay system.

As mentioned above, one of the advantages of the use of Nanobodies Is that the polypeptides
based thereon can be prepared through expression in a suitable bacterial system, and suitable
bacterial expression systems, vectors, host cells, regulatory elements, etc., will be clear to the skilled
person, for example from the references cited above. it should however be noted that the invention
in its broadest sense is not limited to expression in bacterial systems.

Preferably, in the invention, an (in vivo or in vitro} expression system, such as a bacterial
expression system, is used that provides the polypeptides of the invention in a form that is suitable
for pharmaceutical use, and such exprassion systems will again be clear to the skilled persan. As also
will be clear to the skilled person, polypeptides of the invention suitahle for pharmaceutical use can

be prepared using techniques for peptide synthesis.
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For production on industrial scale, preferred heteroiogous hosts for the {industrial) production
of Nanobodies or Nanobody-containing protein therapeutics include strains of £. cofi, Plchia pastoris,
5. cerevisige that are suitabie for large scale expression/production/fermentation, and in particular
for large scale pharmaceutical expression/preduction/fermentation. Suitable examples of such
strains will be clear to the skilled person. Such strains and production/expression systems are also
made available by companies such as Biovitrum {Uppsata, Sweden),

Alternatively, mammalian cell fines, in particular Chinese hamster ovary {CHOQ) cells, can be
used for large scale expression/production/fermantation, and in particular for large scaié
pharmaceutical expression/production/fermentation. Again, such expression/production systermns are
also made available by some of the companies mentioned above,

The cholce of the specific expression system would depend in part on the requirement for
certain post-transtational modifications, more specifically giycosylation. The production of a
Nanocbody-containing recomhbinant proteirs for which glycosylation is desired or required would
necessitate the use of mammalian expression hosts that have the ability {o glycosylate the expressed
protein, inthis respect, it will be clear to the skifled person that the glycosylation pattern obtained
(i.e. the kind, number and position of residues attached) will depend on the cell or cefi line that is
used for the expression. Preferably, either g human celi or cell line is used (i.e. leading to a protein
that essentially has a human giycosyiation pattern) or another mammalian cell line Is used that can
provide a glycosylation pattern that is essentially and/for functionally the same as human
glycosylation or at least mimics human glycosylation. Generaily, nrokaryotic hosts such as E. coli do
not have the abifity 1o glycosylate proteins, and the use of lower eukaryotes such as yeast usually
leads to a glycosyiation pattern that differs from human glycosylation. Nevertheless, it should be
understood that all the foregoing host cells and expression systems can be used in the invention,
depending on the desired amino acid sequence, Nanobedy or polypeptide to be obtained.

Thus, according to ane non-limiting embodiment of the invention, the amino acid sequence,
Nanohody or polypeptide of the invention is glycesylated. According to another non-firmiting
embodiment of the invention, the aming acid sequence, Nanobedy or polypeptide of the invention Is
non-glycosylated.

According to one preferred, but non-limiting embodiment of the invention, the amino acid
sequence, Nanobody ar pelypeptide of the invention is produced in a bacterial cell, in particutar a
bacteria! cell suitable far large scale pharmaceutical production, such as cells of the strains
mentioned above,

According to another preferred, but non-limiting embodiment of the invention, the amino acid
sequence, Nanobody or polypeptide of the invention is produced in a yeast cell, in particular a yeast

cell suitabie for large scale pharmaceutical production, such as cells of the species mentioned above,
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According to yet another preferred, but non-limiting embodiment of the inventicn, the amino
acid sequence, Nanohady or polypeptide of the invention is produced in a mammatian cell, in
particular in 8 human cell or in a cell of a buman cell line, and more in particular in a human cefl or in
a cell of a human cell line that is suitabie for large scale pharmaceutical production, such as the cell
lines mentioned hereinabove., 7

When expression in a host cell is used to produce the aming acid sequences, Nancbodies and
the polypeptides of the invention, the amino acid sequences, Nanobodies and polypeptides of the
invention can be produced either intracellullarly {e.g. in the cytosol, in the periplasma or in inclusion
bodies} and then isnlated from the host cells and optionally further purified; or can be produced
exiraceliularly {e.g. in the medium in which the host calis are cuitured) and then isolated from the
culture medium and optionatly further purified. When eukaryotic host cells are used, extraceliular
production is usually preferred sinee this considerably facilitates the further isolation and
downstream processing of the amino acid sequences, Nanobodies, polypeptides and proteing
obtained. Bacterial cells such as the strains of E. coli mentioned above normally do not secrete
proteins extracellularly, except for a few classes of proteins such as toxins and hemolysin, and
secretory production in £, coli refers 1o the translocation of proteins across the inner membrane 0
the periplasmic space. Periplasmic production provides several advantages aver cytosollc production,
For example, the N-terminal amino acid sequence of the secreted product can be identical to the
natural gene product after cleavage of the secretion signal sequence by a specific signal peptidase.
Also, there appears to be much less protease activity in the periplasm than in the cytoplasm. In
addition, protein purification is simpler due to fewer contaminating proteins in the periplasm.
Another advantage is that correct disulfide bonds may form because the periplasm provides a mare
oxidative environment than the cytoplasm. Proteins overexpressed in E. coli are often found in
insoiuble aggregates, so-called inclusion bodies. These inclusion bodies may ba Incated in the cytosol
or in the periplasm; the recovery of biclogically active proteins from these inclusion bodies requires a
denaturation/refolding process. Many recombinant proteins, including therapeutic proteins, are
recovered from inclusion bodies, Alternatively, as will be clear to the skiflad person, recombinant
strains of bacteria that have been genetically modified so as to secrete a desired protein, and in
particular a amino acid seguence, Nanobody or a polypeptide of the invention, can be used,

Thus, according to one non-limiting embodiment of the invention, the amino acid sequence,
Nancbody or polypeptide of the invention is an amino acid sequence, Nanchaody or polypeptide that
has been produced intracelluiarly and that has been isolated from the host cell, and in particular
from a bacterial celi or from an inciusion body in a bacterial cell. According to another non-limiting

embodiment of the invention, the amino acid sequence, Nanobody or polypeptide of the invention is
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an amino acid seguence, Nanobody or polypeptide that has been produced extracellularly, and that

has been isolated from the medium in which the host celt is cultivated.

Some preferred, but non-limiting promoters for use with these host cells include,

far expression in E. coli: la¢ promoter (and derivatives thereof such as the lacUV5 promoter);
arabinose promoter; left- {PL) and rightward (PR} promoter of phage lambda; promoter of the
trp operon; hybrid lac/trp promoters (tac and trc); T7-promoter {more specifically that of T7-
phage gene 10) and other T-phage promoters; promaoter of the Tn10 tetracycline resistance
gene; engineered variznis of the above promoters that include one or more copies of an
extraneous regulatory operaior sequence;

far expression in S. cerevislae: constitutive: ADH1 {alcohol dehydrogenase 1), END {enolase),
CYC1 (cytochrome ¢ iso-1}, GAPDHM {giyceraldehydes-3-phosphate dehydregenase), PGK1
{phosphoglycerate kinase), PYK1 {pyruvate kinase); regulated: GAL1,10,7 {galactose metabolic
enzymes), ADH2 {alcohol dehydrogenase 2), PHOS (acid phosphatase), CUP1 {copper
metallothionein); heterologous: CaMV {cauliflower mosaice virys 355 promoter);

for expression in Pichia pastoris: the AOX1 promoter (alcohol oxidase [};

for expression in mammakian cells; human cytomegalovirus (hCMV) immediate early
enhancer/promoter; human cytomegalovirus (hCMV) immediate early promoter variant that
contains two tetracycline operator sequences such that the promoter can be regulated by the
Tet repressor; Herpes Simplex Virus thymidine kinase {TK) promater; Rous Sartoma Virus long
terminal repeat (RSY LTR) enbancer/promoter; elongation factor 1la (hEF-1a) promoter from
human, chimpanzee, mouse or rat; the SV40 early promoter; HIV-1 long terminal repeat
promoter; 3-actin promoter;

Some preferred, but non-limiting vectors for use with these host cells include:

vectors for expression in mammalian cells; oMAMneo {Clontech), pcDNA32 (Invitrogen),
pMCilneg {Stratagene), pSG5 (Stratagene}, EBO-pSV2-neo (ATCC 37593), pBPV-1 {8-2) (ATCC
37110), pdBPV-MMTneo {342-12} (ATCC 37224), pRSVgpt (ATCC37159), pRSVneo
(ATCC37198), psv2-dhfr (ATCC 37146), pUCTag (ATCC 37460) and 1ZD35 (ATCC 37565), as well
as viral-hased expression systems, such as those based on adenovirus;

vectars for axpression in bacterial cells: pET vectors (Novagen) and pQE vectors {Qiagen};
vectors for expression in yeast or other fungal cells: pYES2 {Invitrogen} and Pichia expression
vectors {invitrogen);

vectors for expression in insect celis: pBlueBacit {Invitrogen) and other haculovirus vectors
vectors for expression in plants or plant ‘celts: for example vectors based on cauliflower masaic
virus or tobacco mosaic virus, suitable strains of Agrobacterium, or Ti-plasmid based vectors,

Some preferred, but non-limiting secretory seguences for use with these host cells include:
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- far use in bacterial cells such as £, call: PelB, Bla, OmpA, OmpC, OmpF, OmpT, Sth, PhoA, Photk,
MaiE, Lpp, LamB, and the like; TAT signal peptide, hemolysin C-terminal secretion signal;
- for use in yeast: a-mating factor prepre-sequence, phosphatase {phol), invertase (Suc), ete.;
- for use in mammalian cells: indigenous signal in case the target protein is of aukaryotic origin;
murine Ig k-chain V-J2-C signal peptide; etc.

Suitable technigues for transforming a host or host cell of the invention will be clear to the
skilled person and may depend en the intended host cellfhost arganism and the genetic construct to
be used. Reference is again made to the handbooks and patent applications mentioned above.

After transformation, a step for detecting and selecting those host cells or host organisms that
have been succesfully transformed with the nucieotide sequence/genetic construct of the invention
may be perfermed. This may for instance be a seiection siep based on a selectable marker present in
the genetic construct of the invention or a step involving the detection of the amino acid sequence of
the invention, e.g. using specific antibodies.

The transformed host cell {(which may be in the form or a stable cell line) or host organisms
fwhich may be in the form of a stable mutant line or strain) form further aspects of the present
invention.

Preferably, these host cells or host organisms are such that they express, or are {at |east]
capable of expressing (e.g. under suitable conditions), an amine acld sequence, Nanchody or
polypeptide of the invention {and in case of a host organism: in at least one cell, part, tissue or organ
thereof). The invention also includes further generations, progeny and/or offspring of the host celiar
host organism of the invention, that may for instance be obtained by cell division or by sexual or
asexual reproduction.

To produce/obtain expression of the amino acid sequences of the invention, the transformed
host cell or transformed hast arganism may generally be kept, maintained and/or cultured under
conditions such that the (desired) amino acid sequence, Nanobody or polypeptide of the invention is
expressed/produced. Suitable conditions will be clear 1o the skilled person and will usually depend
upon the host celi/host organism used, as well as on the regulatory elernents that cantroi the
expression of the {relevant) nucleotide sequence of the invention. Again, reference is made to the
handbooks and patent applications mentioned above in the paragraphs on the genetic constructs of
the invention.

Generally, suitable conditions may include the use of a suitable medium, the presence of 2
suitable source of food and/or suitable nutrients, the use of a suitable temperature, and optionally
the presence of a suitable inducing factor or compound (e.g. when the nuclectide sequences of the

invention are under the control of an inducible promoter); alt of which may be selected by the skilied
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person. Again, under such conditions, the amino acid sequences of the invention may be expressed in
a constitutive manner, in a transient manner, or enly when suitably induced.

it witl aiso be clear to the skilled person that the amino acid sequence, Nanohody or
polypeptide of the invention may {first) be generated in an immature form (as mentioned above},
which may then be subjected to posti-translational modification, depending on the host celi/host
organism used. Also, the amino acid seguence, Nanobody or polypeptide of the invention may be
glycosylated, again depending on the host cell/host organism used.

The amine acid sequence, Nanobody or polypeptide of the invention may then be isolated
from the host celi/host organism and/or from the medium in which said host cell or host organism
was cultivated, using protein isclation and/or purification technigues known per se, such as
(preparative} chromatography and/or electrophoresis techniques, differential precipitation
techniques, affinity techniques (e.g. using a specific, cleavable amino acid sequence fused with the
amino acid sequence, Nanobody or polypeptide of the invention) and for preparative immunological
technigues (i.e. using antibodies against the amino acid sequence to be isolated).

Generally, for pharmaceutical use, the polypeptides of the invention may be formulated asa
pharmaceutical preparation oy compositions comprising at least one amino acid seguence, Nanobody
or polypeptide of the invention and at least one pharmaceutically acceptabie carrier, diluent or
excipient and/or adjuvant, and opticnally one or more further pharmaceutically active polypeptides
and/or compounds. By means of non-limiting examples, such a formulation may be in a form suitabie
for oral administration, for parenteral administration {such as by intravenous, intramuscular or
subcutaneous injection or intravenous infusion), for topical administration, for administration by
inhalation, by a skin patch, by an implant, by a suppository, etc.. Such suktable administration farms -
which may be solid, semi-solid or liquid, depending on the manner of administration - as well as
methods and carriers for use in the preparation thereof, will be clear to the skilled person, and are
further described herein.

Thus, in a further aspect, the invention relates to a pharmaceutical composition that contzins
at least one aming acid of the invention, at least one Nanobody of the invention or at least ane
polypantide of the invention and at least one suitable carrier, diluent or excipient {i.e. suitable for
pharmaceutical use), and cptionally one or more further active substances. In a particular aspect, the
invention relates to a pharmaceutical compesition that contains SEQ D NO: 70 and at least one
suitable carrier, diluent or excipient {i.e. suitable for pharmaceutical use), and optionally one or more
further active substances. In anothar particular aspect, the invention relates 1o a pharmaceutical
composition that contains SEQ ID NG: 71 and at least one suitable carrier, diluent or excipient (i.e.

suitable for pharmaceutical use), and optionally one or more further active substances.
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Generally, the amino acid sequences, Nanobodies and polypeptides of the inventian can be
formulated and administered in any sultable manner known per se, for which reference is for
example made to the generat background art cited above {and in particular to WO 04/041862, WO
04/041863, WO 04/041865 and WO 04/041867) as well as to the standard handbooks, such as
Remingten’s Pharmaceutical Sciences, 18™ Ed., Mack Publishing Company, USA (1990} or Remington,
the Science and Practice of Pharmacy, 21th Edition, Lippincott Williams and Wilkins (2005).

For example, the amino acid sequences, Nanobodies and polypeptides of the invention may be
formuiated and administered in any manner known per se for conventional antibodies and antibody
fragments {including ScFv’'s and diabodies) and other pharmaceutically active proteins, Such
formulations and methods for praparing the same will be clear to the skilled person, and for example
include preparations suitable for parenteral administration (for example intravenous, intraperitoneal,
subcutangous, intramuscutar, intraluminal, intra-arterial or intrathecal administration} or for topical
(i.e. transdermal or intradermal) administraticn,

Preparations for parenteral administration may for example be sterile solutions, suspensions,
dispersions or emulsions that are suitable for infusion or injection. Suitable carriers or diluents for
such preparations for example include, without Bmitation, steriie water and agqueous buffers and
solutions such as physiological phosphate-huffersd caline, Ringar's snlutions, dextrose solution, and
Hanl's solution; water oils; glvcerol; ethanol; ghlycols such as propylene glycol or as well as mineral
oils, animal oils and vegetable cils, for example peanut oil, soybean oil, as well as suitable mixtures
thereof, Usually, agueous solutions or suspensions will be preferred.

The amino acid sequences, Nanobaodies and polypeptides of the invention can also he
administered using gene therapy methods of delivery. See, e.g., 1.5, 5,399,346, which is incarparated
by reference in its entirety. Using a gene therapy method of delivery, primary cells transfecied with
the gene encoding an amino acid sequence, Nanobhody or polypeptide of the invention can
additionally be transfected with tissue specific pramoters to target specific organs, tissue, grafts,
fumers, or cells and can additionaly he transfected with signal and stabilization sequences for
subcellularly localized expression.

Thus, the amino acid sequences, Nanobodies and polypeptides of the invention may be
systemically administered, e.g., orally, in combination with a pharmaceutically acceptabie vehicle
such as an inert diluent or an assimilabie edible carrier. They may be enclosed in hard or soft shell
gelatin capsules, may be comprassed into tablets, or may be incorporated directly with the food of
the patient’s diet. For ora! therapeutic administration, the amino acid sequences, Nanobodies and
polypeptides of the invention may be combined with one or more excipients and used in the form of
ingestivle tablets, huccal tablets, troches, capsules, elixirs, suspensions, syrups, wafers, and the like.

Such compositions and preparations should contain at least 6.1% of the amino acid sequence,
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Nanobody or polypeptide of the invention. Their percentage in the compositions and preparations
may, of course, be varied and may conveniently be between about 2 to about 60% of the weight of a
given unit dosage form. The amount of the aming acid sequence, Nanabody or polypeptide of the
invertion in such therapeutically useful compasitions is such that an effective dosage leve) will be
obtained. '

The tablets, troches, pills, capsules, and the like may aiso contain the following: binders such as
gum tragacanth, acacia, corn starch or gelatin; excipients such as dicalcium phosphate; a
disintegrating agent such as corn starch, potato starch, alginic acid and the fike; a lubricant such as
magnesium stearate; and a sweetening agent such as sucrose, fructose, lactose or aspartame or 3
flavoring agent such as peppermint, ofi of wintergreen, or cherry flavoring may be added, When the
unit dosage form is a capsule, i may contain, in addition to materials of the above type, a liguid
carrier, such as a vegetable oil or a polyethyiene giycol. Varfous other materials may be present as
coatings of to otherwise modify the physical form of the solid unit dosage form, For instance, tablets,
pills, or capsules may be coated with gelatin, wax, shellac ar sugar and the like. A syrup or elixir may
contain the aming acid sequences, Nanobodies and polypeptides of the invention, sucrose or
fructase as a sweetening agent, methyl and propylparabens as preservatives, a dye and flavoring
such as cherry or orange flavor. Of course, any material used in preparing any unit dosage form
should be pharmaceuticaily acceptable and substantially nen-toxic in the amounts employed. In
addition, the amino acid sequences, Nanokodies and polypeptides of the invention may ba
incorparated into sustained-release preparations and devices,

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

The amino acid sequences, Nanobodies and polypeptides of the invention may also be
administerad intravenousty or intraperitaneally by infusion or injection. Solutions of the amino acid
sequences, Mancbodies and polypeptides of the invention or their salts can be preparad in water,
optionally mixed with a nontoxic surfactant. Dispersions can also be prepared in glycerol, liguid
polyethylene glycols, triacetin, and mixtures thereof and in oils. Under ordinary conditions of storage
and use, these preparations contain a preservative to prevent the growth of microorganisms.

The pharmaceutical dosage forms suitable for infection or infusion can include sterile aqueous
solutions or dispersions or sterile powders comprising the active ingredient which are adapted for
the extemporaneous preparation of sterile injectable or infusible solutions or dispersions, eptionally

encapsutated in liposomes. In ali cases, the ultimate dosage form must ba stertle, fiuid and stahle
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under the conditions of manufacture and storage. The liquid carrier or vehicle can be a solvent or
liquic dispersion medium comprising, for exampie, water, ethanol, & polyol {for example, glycerol,
propylene glycol, liguid polyethylene glycols, and the like), vegetahle offs, nontoxic glyceryl esters,
and suitable mixtures theraof. The proper fluidity can be maintained, for exarnple, by the formation
of liposames, by the maintenance of the recuired particie size in the case of dispersions or by the use
of surfactants. The prevention of the action of microorganisms can be brought about by vatious
antibacteriai and antifungal agents, for example, parabens, chlorobutangl, phenol, sorbic acid,
thimerosal, and the like. in many cases, it will be preferable to include isctonic agents, for example,
sugars, buffers or sodium chloride. Prolonged absorption of the injectable compositions can be
brought about by the use in the compaositions of agents delaying absorption, far axample, aluminum
monostearate and gelatin.

Sterileinjectable solutions are prepared by incorporating the amino acid sequences,
Nanobodies and polypeptides of the invention in the required amount in the appropriate solvent
with various of the other ingredients enumerated above, as reguired, followed by filter sterilization.
in the case of sterile powders for the preparation of steriie injectable solutions, the preferred
methods of preparation are vacuum drying and the freeze drying technigues, which yield a powder of
the active ingredient plus any additional desired ingredient present in the previously sterile-filtered
solutions.

For topical admintsteation, the amino acid sequences, Nanobodies and polypeptides of the
invention may be applied in pure form, i.e., when they are liguids. However, it will generally be
desirable to administer them to the skin as compositions or formulations, in combination with a
dermatologically acceptable carrier, which may be a soiid or a liguid.

Useful solid carriers include finaly divided solids such as talc, clay, microcrystalline celluiose,
silica, alumina and the like. Useful Hiquid carriers include water, hydroxyalkyls or glycols or water-
alcohol/glycol blends, in which the amino acid sequences, Nanobodies and polypeptides of the
invention can be dissolved or dispersed at effective levels, optionally with the aid of non-toxic
surfactants. Adjuvants such as fragrances and additional antimicrobial agents can be added to
optimize the properties for a given use. The resultant liquid compositions can be applied from
absorbent pads, used to impregnate bandages and other dressings, or sprayad onto the affected area
using pump-type or aerosal sprayers.

Thickeners such as synthetic polymers, fatty acids, fatty acid salts and esters, fatty alcohols,
maodified celiuicses or modified mineral materials can also be employed with liguid carriers to form
spreadable pastes, gels, ointments, soaps, and the like, for application directly to the skin of the user.

Examples of useful dermatological compositions which can be used to deliver the amino acid

sequences, Nanobodies and polypeptides of the invention to the skin are known to the art; for
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example, see lacquet et al. (US 4,608,392), Geria (LIS 4,582,478}, Smith et al. {US 4,559,157) and
Wortzman {US 4,820,508).

Useful dosages of the amino acid sequences, Nancbodies and polypeptides of the invention
can be determined by comparing their in vitre activity, and in vivo activity in animal models. Mathods
for the extrapolation of effective dosages in mice, and other animals, 1o humans are known to the
art; for exampie, see US 4,938,949,

Generally, the concentration of the amino acid sequence, Nanobodies and pelypeptides of the
invention in a liguid composition, such as a lotion, wiki be from about 0.1-25 wt-%, preferabiy from
about 0.5-10 wt-%. The concentration in a semi-solid or soiid composition such as a gel or a powder
will be about 0.1-5 wi-%, preferably about 0.5-2.5 wi-%.

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

The desired dose may convenlently be presented in 2 single dose or as divided doses
administered at appropriate intervals, for example, as two, three, four or more sub-doses per day.
The sub-dose itself may be further divided, e.g., into a number of discrete loosely spaced
administrations; such as multiple inhalations from an insufflator ar by application of a plurality of
drops into the eye. An administration regimen could include long-term, daily treatment. By “long-
term” is meant at least two weeks and preferably, several weeks, months, or years of duration.
Necessary modifications in this dosage range may be determined by one of ordinary skill in the art
using only routine experimentation given the teachings herein. See Remington’s Pharmaceuticat
Sciences {(Martin, EW., ed, 4}, Mack Publishing Co., Easton, PA. The dosage can ailso be adjusted by
the individual physician in the event of any complication.

in another aspect, the invention refates to a method for the prevention and/or treatment of at
least one |L-6R related disease and/or disorders, said method comprising administering, to a subject
in need thereof, a pharmaceutically active amount of an amino acid seguence of the invention, of a
Nanobody of the invention, of a polypeptide of the invention, of a compound of the invention, of a
construct of the invention and/or of a pharmaceutical composition comprising the same,

In the context of the present invention, the term “prevention and/or treatment” not only
comprises preventing and/or treating the disease, but also generally comprises preventing the onset
of the disease, slowing or reversing the progress of disease, preventing or siowing the onset of cne or

more symptoms associated with the disease, reducing and/or alleviating one or more symptoms
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associated with the disease, reducing the severity and/or the duration of the disease and/or of any
symptems associated therewith and/or preventing a further increase in the severity of the disease
and/or of any symptoms associated therewith, preventing, reducing or reversing any physiological
damage caused by the disease, and generally any pharmacological action that is beneficial to the
patient being treated.

The subject to be treated may be any warm-biooded animal, but is in particular a mammal, and
maore in particular a human being. As will be clear to the sidlled person, the subject 1o be treated will
in particular be a person suffering from, or at risk of, the diseases and disorders mentioned herein.

‘The invention relates to a method for the prevention and/or treatment of at least one disease
and/or disorder that is associated with iL-6, with 1L-6R, with the 1L-6/IL-6R complex, with its biological
or pharmacological activity, and/or with the biological pathways or signalling in which IL-6, IL-6R
and/or the IL-6/1L-6R complex are involved, said method comprising administering, to a subject in
need thareof, a pharmaceutically active amount of an amine acid sequence of the invention, of a
Nanobody of the invention, of a polypeptide of the invention, of a compound of the invention, of a
construct of the invention and/or of a pharmaceutical composition comprising the same, In
particular, the invantion relates to a method for the prevention and/or treatment of at least one
disease and/or disorder that can be prevented and/ot treated by modulating 1L-6, IL-6R, the IL-6/iL-
GR complex, its biotogical or pharmacolagical activity, and/or the biological pathways or signalling in
which 1.6, iL-6R and/or the Il-6/iL-6R complex is involved, said method comprising administering, to
a subject in nead thereof, a pharmaceutically active amount of an amino acid sequence of the
invention, of a Nanobody of the invention, of 2 polypeptide, of a compound of the invention, of a
construct of the invention of the invention, and/or of a pharmaceutical composition comprising the
same, in particular, said pharmaceutically effective amount may be an amount that is sufficient to
modulate IL-6, IL-6R, the (L-6/tL-6R compiex, its biological or pharmacological activity, and/or the
biological pathways or signalling in which [L-6, iL-6R and/or the IL-6/IL-6R complex are involved.

The invention also relates to a method for the prevention and/oy treatment of at least one
disease and/or disorder that can be prevented and/or treated by administering of an amino acid
sequence of the invention, a Nanobody of the invention or a polypeptide of the invention tc a
patient, said method comprising administering, to a subject in need thereof, a pharmaceutically
active amount of an amino acid sequence of the invention, of a Nanobody of the invention, of a
polypeptide of the invention, of a compound of the invention, of & construct of the invention and/ar
of a pharmaceutical compasition comprising the same.

Meore in particular, the invention relates to a method for the prevention and/or treatment of at
least one disease and/or disorder chosen from the group consisting of the diseases and disorders

listed herein, said method comprising adminisiering, to a subject in need thereof, a pharmaceutically
prising B I
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active amount of an amino acid sequence of the invention, of a Nanabody of the invention, of a
polypeptide of the invention, of 3 compound of the invention, of & construct of the invention and/or
of a pharmaceutical composition comprising the same.

In particuiar, the present invention relates to a method for the prevention and/or treatment of
sepsis, various forms of cancer, bone resorption, osteoporosis, cachexia, psoriasis, mesangial
profiferative glomerulonephritis, Kaposi's sarcoma, AlDS-related lymphoma, end inflammatory
tiseases, said method comprising administering a pharmaceutically active amount of an amino acid
sequence of the invaation, of a Manobody of the invention, of a polypeptide of the invention, and/or
of a pharmaceutical composition comprising the same. The various forms of cancer may be chosen
from the group consisting of multiple myeloma disease {MM), renal cell carcinoma {RCC), plasma cell
teukaemiz, lymphoma, B-tymphoproliferative disorder {BLPD), and prostate cancer.The inflammatory
diseases may be chosen from the group consisting of rheumatoid arthritis, systernic onset juvanile
idiopathic arthritis, hypergammaglobulinemia, Crohn’s disease, uicerative colitis, systemic lupus
erythematosus (SLE), multiple sclerosis, Castleman’s disease, 1gM gammopathy, cardiac myxema,
asthma, allergic asthma and autolmmune insulin-dependent diabetes mellitus.

In another particular aspect, the present invention relates to a method for the prevention
and/or treatment of sepsis, various forms of cancer, bone rasorption, osteoporosis, cachexia,
psoriasis, mesangial proliferative glomerulonephritis, Kapost's sarcoma, AlDS-related lymphoma, and
inflammatory diseases, said method comprising administering a pharmaceu-tically active amount of
SEQ D NO: 70, and/or of a pharmaceutical comgosition comprising the same. In another particular
aspect, the present invention relates to 2 method for the prevention and/or treatment of sepsis,
various forms of cancer, bene resorption, asteoporosis, cachexia, psariasis, mesangial proliferative
glomarulonaphritis, Kaposi's sarcoma, AlDS-related lymphoma, and inflammatory diseases, sald
method comprising administering a pharmaceutically active amount of SEQ iD NO: 71, and/or of 2
pharmaceutical composition comprising the same. The various forms of cancer may be chosen from
the group consisting of multiple myeioma disease {MM), renal cell carcinoma (RCC), plasma eell
leukaemia, lymphorna, B-lymphoproliferative disorder {BLPD], and prostate cancer. The inflammatory
diseases may be chosen from the group consisting of rheumatoid arthritis, systemic onset juveniie
idiopathic arthritis, hypergammaglobulinemia, Crohn’s disease, ulcerative colitls, systemic lupus
erythematostss (S1E), multiple sclerosis, Castleman’s disease, igM gammopathy, cardiac myxoma,
asthma, allergic asthma and autoimmune insulin-dependent diabetes mellitus.

In another embadiment, the invention relates to a method for immunotherapy, and in
particutar for passive immunotherapy, which method comprises administering, to a subject suffering
from or at risk of the diseases and disorders mentioned herein, & pharmaceutically active amount of

an amino acid sequence of the invention, of a Nanobody of the invention, of a polypentide of the
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invention, of a compound of the invention, of a construct of the invention and/or of a pharmaceutical
composition comprising the same.

tn the above methods, the amino acid sequences, Nanohodies, polypeptides, compounds
and/or constructs of the invention and/or the compositions comprising the same can be
administerad in ahy suitable manner, depending on the specific pharmaceutical farmulation or
composition To be usad. Thus, the amino acid sequences, Nanchodtes, polypeptides, compounds
and/or constructs of the invention and/or the compositions comprising the same can for example be
administered orally, intraperitoneally {e.g. intravenously, subcutaneously, intramuscularly, or via any
other route of administration that circurnvents the gastrointestinal tract}, intranasally, transdermaily,
topically, by means of a suppository, by inhalation, again depending on the specific pharmaceutical
formulation or composition to be used. The clinician will be able to select a suitable route of
administration and a suitable pharmaceutical formufation or composition 1o be used in such
administration, depending on the disease andfor disorder to be prevented or treated and other
factorse well known to the clinician.

The amino acid sequences, Nanobodies, palyaepﬁdes, compounds and/or constructs of the
invention and/or the compositiens comprising the same are administered according to & regime of
treatment that is suitable for preventing and/or treating the disease and/or disorder to be prevented
of treated. The clinician will generally be able to determine a suitable treatment regimen, depending
on factors such as the disease or disorder to be prevented or treated, the severity of the disease to
be treated and/or the severity of the symptoms thereof, the specific amino acid sequences,
Nanobody, polypeptide, compound or construct of the invention to be used, the specific route of
administration and farmaceutical formulation or composition to be used, the age, gender, weight,
diet, general condition of the patient, and similar factors well known to the chinician.

Generally, the treatment regimen will comprise the administration of one or more amino acid
sequences, Nanobodias, polypeptides, compounds and/or constructs of the invention, or of one or
more compositions comprising the same, in cne or more pharmaceutically effective amounts oy
doses, The specific amount(s) or doses to administered can be determined by the chinician, again
based on the factors cited above,

Generally, for the prevention and/or treatment of the diseases and disorders mentioned
herein and depending on the specific disease or disorder to he treated, the potency of the specific
amino acid sequence, Nanobody, polypeptide, compound and construct of the invention to be usad,
the specific route of administration and the specific pharmaceutical formulation ar composition used,
the amino acid sequences, Nanohodies, polypeptides, compounds and constructs of the invention
will generally be administered in an amount between 1 gram and 0.01 microgram per kg body weight

per day, preferably betwean 0.1 gram and 0.1 microgram per kg body weight per day, such as about
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1, 10, 100 or 1000 microgram per kg body weight per day, either continuously {e.g. by infusion), as a
single dally dose or as multiple divided doses during the day. The clinician will generally be able to
determine a suitable daily dose, depending on the factors mentioned herain. It will also be clear that
in specific cases, the ciinician may choose to deviate from these amounts, for example on the basis of
the factors cited above and his expert judgment, Generally, some guidance on the amounts tc be
administered can be obtained from the amounts usuaily administered for comparabie conventional
antibodies or antibody fragments against the same target administered viz essentially the same
route, taking into account however differences in affinity/avidity, efficacy, biodistribution, half-ife
and similar factors well known to the skilled person.

Usually, in the above method, a single amino acid sequence, Nanobody, polypeptide,
compound or construct of the invention will be used, it is however within the scope of the invention
10 use two or more amino acid sequences, Nanohodies, polypeptides, compounds and/ar constructs
of the invention in combination.

The amino acid sequences, Nanobodias, polypeptides, compounds and constructs of the
invention may alse be used in combination with one or more further pharmaceutically active
compounds or principles, Le. as a combined treatment regimen, which may or may not Jead to &
synergistic effect. Again, the clinician will be able 1o select such further compounds or principles, as
well as a suitable combined treatment regimen, based on the factors cited above and his expert
judgement, _

in particular, the amino acid sequences, Nanobodies, polypeptides, compounds and constructs
of the invention may be used in combination with other pharmaceutically active compounds or
principles that are or can be used for the prevention and/or treatment of the diseases and disorders
cited herein, as a result of which a synergistic effect may or may not be obtained. Examples of such
compounds and principles, as well as routes, methods and pharmaceutical formulations or
compositions for administering them will be ciear to the clinician.

When two ar more substances or principies are to be used as part of a combined treatment
regimen, they can be administered via the same route of administration or via different routes of
administration, at essentially the same time or at different times {e.g. essentially simultaneously,
consacutively, or according to an alternating regime}. When the substances or principles are to bhe
administerad simultaneously via the same route of administration, they may be administered as
different pharmaceutical formulations or comgpaositions ar part of a combined pharmaceutical
formulation or composition, as will be clear to the skiied parson.

Also, when two or more active substances or principles are to be used as part of 2 combined
treatment regimen, each of the substances or principles may be administered in the same amount

and according to the same regimen as used when the compound or principle Is used on its own, and
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such combined use may or may not lead to a synergistic effect. However, when the combined use of
the two or more active substances or principles teads to a synergistic effect, it may also be possible to
reduce the amount of one, more or all of the substances or principles to be administered, while still
achieving the desirad therapeutic action. This may for example be useful for avoiding, limiting or
reducing any unwanted side-effects that are associated with the use of one or more of the
substances of principles when they are used in their usual amounts, while stili obtaining the desived
pharmaceutical or therapeutic effect.

The effectivenass of the treatment regimen used accorciirng 10 the inventicn may he
determined and/or followed in any manner known par se for the disease and/or disorder invoived, as
will be clear to the clinician. The clinician will also be able, where appropriate and on a case-by-case
basis, to change or modify a particular treatment regimen, so as to achieve the desired therapeutic
effect, to avoid, limit or reduce unwanted side-effects, and/or to achieve an appropriate balance
between achieving the desired therapeutic effect on the one hand and avoiding, limiting or reducing
undesired side effects on the other hand.

Generally, the treatment regimen will be followed until the desired therapeutic effect is
achieved and/or for as long as the desired therapeutic effect is to be maintained. Again, this can be
determined by the clinician.

In another aspect, the invantion refates to the use of an amino acid sequence, Nanobody,
polypeptide, compaound or imonovalent) construct of the invention in the preparation of 2
pharmaceutical composition for prevention and/or treatmant of at least one IL-6R related disorders.

The invention also reiates 1o the use of an amino acid sequence, Nanobody, polypeptide,
compaund or (monavalent) construct of the invention, in the preparation of @ pbarmaceutical
composition for prevention and/or treatment of at ieast one of the diseases and disorders associated
with IL-6, with IL-6R, with the IL-6/1L-6R comolex and/or with the signalling pathways and/or the
biological functions and vesponses in which IL-6, iL-6R and/or the IL-6/1L-6R complex are invoived,;
and/or for use in one or more of the methods describad herein.

The invention alsc relates to the use of an amino acid sequence, Nanobady, polypeptide,
campound ar canstruct of the invention in the preparation of a pharmaceutical composition for the
prevention and/or treatment of at ieast one disease or disorder that can be prevented andfor
treated by modulating [L-6, tL-6R, the IL-6/1L-6R complex, its biological or pharmacological activity,
and/or the biological pathways or signalling in which -8, 1L-6R and/or the 1L-6/8-6R complex is
involved.

The invention also relates to the use of an amino acid sequence, Nanobody, polypepiide,
compound or construct of the invention in the preparation of a pharmaceutical composition for the

prevention and/or treatment of at least one disease or disorder that can ba prevented and/or
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freated by administering an amine acid sequence, Nanobody, polypeptide, compound or construct of
the invention to a patient.

More in particular, the invention relates to the use of an amino acid sequence, Nanobody,
polypeptide, compound or construct of the invention in the preparation of a pharmaceautical
cemposition for the prevention and/or treatment of IL-6R related disorders, and in particufar for the
prevention and treatment of a sepsis, various forms of cancer, bone resarption, osteoporosis,
cachexia, psoriasis, mesangial profiferative glameruionephritis, Kaposi’s sarcoma, AIDS-related
lymphoma, and inflammatory diseases, said method comprising administering a pharmaceutically
active amount of an amine acid sequence of the invention, of a Nanobody of the invention, of a
polypeptide of the invention, and/or of a pharmaceutical composition comprising the seme. The
various forms of cancer may be chosen from the group consisting of multiple myeloma disease [MM),
renal ceil carcinoma (RCC), plasma cell leukaemia, lymphoma, B-lymphoproliferative disorder (BLPD),
and prostate cancer.The inflammatory diseases may be chosen from the group consisting of
theumatold arthritis, systemic onset juvenlle idiopathic arthritis, hypergammaglobulinemia, Crohn’s
disease, ulcerative colitis, systemic lupus erythematosus (SLE}, multiple sclerosis, Castieman’s
disgase, igM gammopathy, cardiac myxoma, asthma, allergic asthma and autoimmune insulin-
dependent diabetes mellitus.

The invention further relates t¢ an amino acid sequence, a Nanobody, a compound or
cohstruct, a polypeptide, monovalent construct of the invention or a pharmaceutical composition
comprising the same for use in the prevention and/or treatment of at least one IL-6R related disease
and/or disorder.

The invention further relates {o an aming acid sequence, a Nanobody, a compound or
construct, a polypeptide, monovalent construct of the invention or a pharmaceutical composition
comprising the same for use in the preventian and/or treatment of at least one disease and/or
disorder associated with IL-6, with IL-6R, with the IL-6/1L-8R complex, with its biological or
pharmacological activity, and/or with the biclogical pathways or signalling in which IL-6, l-6R and/cr
the IL-B/IL-GR complex are involved,

The invention further relates to an amino acid sequence, a Nanobody, a compound or
construct, a polypeptide, monovalent construct of the invention or a pharmaceutics| composition
comprising the same for use in the prevention and/or treatment of at least one disease and/or
disorder that can be prevented and/or treated by modulating iL-6, IL-6R, the IL-G/IL.-6R compley, its
biological or pharmacological activity, and/or the biciogical pathways or signalling in which IL-6, IL-6R
and/or the IL-6/IL-6R complex is involved.

The invention further relates to an amino acid sequence, a Nanobody, a compound or

canstruct, a polypeptide, monovalent construct of the invention or 3 pharmaceutical composition
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comprising the same for use in the prevention and/or treatment of at least one disease and/or
disorder that can be prevented and/or freated by administering of an amino acid seguence of the
invention, a Nanobody of the invention or a polypeptide of the invention to a patient.

The invention further relates to an amino acid sequence, 3 Nanobody, a compound or
canstruct, 2 polypeptide, monovalent construct of the invention or a pharmaceutical composition
comprising the same for use in the prevention and/or treatment of sepsis, various forms of cancer,
bone resorption, osteoparosis, rachexia, psoriasis, mesangial proiiferative glomerulonephritis,
Kapost's sarcoma, AlDS-refated lymphoma, and inflammatory diseases, said method comprising
administering a pharmaceutically active amount of an amino acid sequence of the invention, of a
Nanohody of the invention, of a polypeptide of the invention, and/or of a pharmaceutical
tomposition comprising the same. The various forms of cancer may be chosen from the group
consisting of multiple myeloma disease (MM), renal cell carcinoma {RCC), plasma cell isukasmia,
lymphoma, B-iymphoproliferative disorder (BLPD}, and prostate cancer.The inflammatory diseases
may be chosen from the group consisting of rheumatoid arthritis, systemic onsat juveniie idicpathic
arthritis, hypergammagiobulinemia, Crohn's disease, ulcerative colitis, systemic lupus erythematosus
{SLE}, muitiple sclerosis, Castieman’s disease, igM gammopathy, cardiac myxoma, asthma, allergic
asthma and auteimmuna insulin-dependent diabetas mellitus.

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

Again, in such a pharmaceutical compaosition, the one or more amino acid sequences,
Nanobodies, polypeptides, compounds or constructs of the invention may also be suitably combined

with one or more other active principles, such as those mentioned herein,

The present invention is further illustrated by the following Examples, which in no way shouid
be construed as further limiting, The entire contents of all of the veferences {including lterature
references, issued patents, published patent applications, and co-pending patent applicaticons) cited
throughout this application are hereby expressly incorporated by reference, in particular for the

teaching that is referenced hereinabove.
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Amine atid sequence directed against IL-6R, that comprises one or more stretches of

amino acid residues chosen from the following:

a) SEQID NO's: 80-82; or

b} a stretch of aming acid residugs that has no more than 2, preferably no more than 1

amino acid difference with one of SEQ ID NO's: 80-82, provided that the amino acid
sequence comprising said stretch of amino acid residues binds IL-6R with about the
same or g higher affinity compared to the amino acid sequence comprising said

stretch of amino acid residues without the 2 or 1 amine acid difference, said affinity

as measured by surface plasmon resonance;

and/or

¢}

SEQ D NO's: 84-91; or

d} a streich of aming acid residues that has no more than 2, preferably no more than 1

amino acid difference with one of SEQ ID NO's: 84-91, provided that the amino acid
seguence comprising said stretch of amino acid residues binds 1L-6R with about the
same ar a higher affinity compared to the amino acid sequence comprising said

stretch of amine acid residues without the 2 or 1 amino acid difference, said affinity

as measured by surface plasmon resonance;

and/or

e) SEQID NO's: 93-95; or

f)

a stretch of amino acid residues that has no more than 2, preferably no more than 1
amino acid difference with one of SEQ D NO's: $3-95, provided that the amino acid
seguence comprising said stretch of amine acid residues binds IL-6R with aboui the
same or a higher affinity compared 1o the amino acid sequence comprising said

stretch of amino acid residues without the 1 or 2 amino acid difference, said affinity

as measured by surface plasmon resonance,

Amino acid seguentce according te aspect 1, that comprises two or more stretches of

amino acid residues chosen from the following:

a) SEQID NO's: B0-82; or

b} a stretch of amino acid residues that has no more than 2, preferably no more than 1

amino acid difference with one of SEQ 1D NO’'s; 80-82, provided that the amino acid
sequence comprising said stretch of amino acid residues binds 11-6R with ahout the

same ar a higher affinity cc;mpared ta the amino acid sequence comprising said

PCT/EP2010/654764
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streteh of amino acid residues without the 2 or 1 amino acid difference, said affinity
as measured by surface plasmon resonance;

and/or

c} SEQID NO's: 84-81; or

d} & stretch of amino acid residues that has no more than 2, preferably no more than 1
amino acid difference with one of SEQ 1D NO's: 84-91, provided that the amino acid
sequence comprising said stretch of amino acid residues binds IL-6R with about the
same or a higher affinity compared to the amino acid sequence comprising said
stretch of amine acid residues without the 2 or 1 amino acid difference, said affinity
as measurad by surface plasmon resonance;

and/or

e} SEQID NO's: 93-85; or

f}y  astretch of amino acid residues that has no more than 2, preferably no more than 1
amino acid difference with one of SEQ 1D NO’s: 93-95 nrovided that the amine acid
sequence comprising said stretch of amino acid residues hinds IL-6R with about the
same or a higher affinity compared to the aminp acid sequence comprising said
stretch of amino acid residues without the 1 or 2 amino acid difference, said affinity
a5 measured by surface plasmon resonance.

sich that (i} when the first streteh of aminn acld residues corresponds to one of the

gming acid sequences aceording o a), or b), the second stretch of amino acid residues

corresponds 1o one of the amino acid sequences according to ¢), d), e) or ); {if} when the

first stretch of amine acid residues corresponds to one of the amino acid sequences

according to ¢} or d), the second stretch of amino acid residues corresponds to one of the

aming acid sequences according to aj, b], e) or f); or (iii) when the first stretch of amino

acid residues corresponds to one of the amino acid sequences according to e} or f}, the

second stretch of amino acid residues corresponds to one of the amino acid sequences

according to a), b), ¢} or d),

Amino acid sequence accarding to any of aspects 1 or 2, that comprises three or more

stretches of amino acid rasidues, in which the first streteh of amino acid residues is

chosen from the group censisiing of:

a) SEQ D NO's: 80-82; or

b} a stretch of aming acid residues that has no more than 2, preferably no more than 1
amino acid difference with ane of SEQ,ID NQ's: 80-82, provided that the amino acid

sequence comprising said stretch of amino acid residues binds IL-6R with about the
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same or a higher affinity compared to the amino acid sequence comprising said
stretch of amino acid residues without the 2 or 1 amino acid difference, said affinity
as measured by surface plasmon resonance;

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

c) SEQID NC's: 84-91; or 7

d) & stretch of amino acid residues that has no more than 2, preferably no more than 1
amino acid difference with one of 3EQ 1D NO's: 84-91, pravided that the amino acic
sequence comprising said stretch of amino acid residues binds IL-6R with about the
same or a higher affinity compared to the amino acid sequence comprising said
stretch of amino acid residues without the 2 or 1 amino acid difference, said affinity
as measured by surface plasmon resonance;

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

e) SEQID NO's: 93-95; or

f} astretch of amino acid residues that has no more than 2, preferably ne more than 1
amino acid difference with one of SEQ 1D NO's: 93-95, provided that the amino acid
sequence comprising sald stretch of amine acid residues binds iL-6R with about the
same or a higher affinity compared to the amino acid seguence comprising said
stretch of amine acid residues without the 1 or 2 amino acid difference, said affinity

as measured by surface plasmon resonance.

Amino acid sequence according to any of aspects 1 {o 3, which comprises an
immunoglobulin fold or which under suitable conditions is capable of forming an

immunogtobutin fold.

Amino acid seqguence according to any of aspects 1 to 4, which is an iramunogiobulin

sequence.

Amino acid sequence according to any of aspects 1 to 5, which essentially consists of 4

framework regions (FR1 to FR4, respectively) and 3 complementarity determining regions

(CDR1 ta CRR3, respeactively), in which:

- CDR1is chosen from the group consisting of

al SEQID NQ's: 80-22; or

b) a stretch of amino acid residues that has no more than 2, preferably no more than 1
amino acid difference with one of SEQ ID NO's: 80-82, pravided that the amino acid

sequence comptising said stretch of amino acid residues binds IL-6R with about the
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same or a higher affinity cornpared to the amino acid sequence comprising said
stretch of amino acid residues without the 2 or 1 amino acid difference, said affinity

as measured by surface plasmon resonance;

andfor
5 - CDR2is chosen from the group consisting of:
c} SEQID NO's: 84-91; or
d} astretch of amino acid residues that has no more than 2, preferably no more than 1
amino acid difference with one of SEQ 1D NO's: 84-91, provided that the amino acid
sequence comprising said stretch of amino acid residues binds IL-6R with about the
16 same of a higher affinity compared to the amino acid sequence comprising said
stretch of amino acid residues without the 2 or 1 amino acid difference, said affinity
as measured by surface plasmon resonance;
and/or
- CDR3 is chosen from the group consisting of:
15 e) SEQ D NO's: 93-95; or
f) astretch of amino acid residues that has no more than 2, preferably no more than 1
amino acid difference with one of SEQ 1D NO's; §3-95, provided that the amino acid
sequence comprising said stretch of amino acld residues binds IL-8R with about the
same of a higher affinity compared to the amino acid sequence contprising said
20 sireich of amino acid residues without the 1 ar ? amina acid difference, said affinity
as measured by surface plasmon resonance.
Aspect 7. Amino acid sequence according to aspect 6, which essentially consists of 4 framework
regions {FR1 to FR4, respectively) and 3 complementarity determining regions {CDR1 to
25 CDR3, respectively), in which:
- CDR1is chosen from the group consisting of:
a}l SEQID NO’s: 80-82; or
b a stretch of amine acid residues that has no more than 2, preferably no more than 1
amino acid difference with one of SEQ 1D NO's; 80-82, provided that the amino acid
30 sequence comprising said stretch of amino acid residues binds IL-6R with about the
same ar a higher affinity compared to the amino acid sequence comprising said
stretch of amino acid residues without the 2 or T amino acid difference, said affinity
as measured by surface plasmon resonance;
and
33 - CDR2Z is chosen from the group consisting of:
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¢} SEQ D NO's: B4-81; or

d) a streteh of arino acid residues that has no more than 2, preferably no more than 1
aminc acid difference with one of SEQ ID NO's: 84-81, provided that the amino acid
sequence comprising said stretch of amine acid residues binds 1-6R with about the
same or & higher affinity compared to the amino acid seguence comprising said
stretch of amine acid residues without the 2 or 1 amino acid difference, said affinity
as measured by surface plasmon resonance;

and

- {DR3is chosen from the group consisting of:

&) SEQID NO's: 93-95; or

fI  a stretch of amino acid residues that has no more than 2, preferabiy no more than 1
amino acid difference with one of SEQ 1D NOQ's; 93-95, provided that the amino acid
seguence comprising said stretch of amine acid residues binds 1L-6R with about the
same or a higher affinity compared to the amino acid sequence comprising saig
stretch of aming acid residues without the 1 or 2 amino acid difference, said affinity

as measured by surfage plasmon resenance.

Amino acid sequence according to any of aspects 1 to 7, which comptises at least:

a) SEQ D Ngx: 80; or

b} & stretch of amino acid residues that has no more than 2, preferably no more than 1
aming acid difference with SEQ, 1D NO: 80, provided that the amino acid sequence
comprising said stretch of amine acid residues binds iL-6R with about the same or a
higher affinity compared to the aminc acid saguence comprising said stretch of
amine acid restdues without the 2 or 1 amino acid difference, said affinity as

measured by surface plasmon resonance.

Amino acid seguence according 1o any of aspects 1 to 8, which comprises at feast a

stretch of amino acid residues chosen from the following:

a) SEQ D NO's:84,8%or81;0r

by astretch of amino acid residues that has no more than 2, preferably no more than 1
amino acid difference with cne of SEQ 1D NO's: 84, 89 or 91, provided that the aminc
acid sequence comprising said stretch of amino acid residues binds IL-6R with about
the same or a higher affinity compared to the amino acid sequence comprising said
stretch of amino acid residues without the 1 or 2 amino acid difference, said affinity

as measured by surface plasmon resonance.
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Aspect 10. Arnine acid seguence according to any of aspects 2 to 9, which comprises at least:
a} SEQ D NO: 84;0r
b} a stretch of amino acid residues that has no more than 2, preferably no more than 1
J amineo acid difference with SEQ ID NO: 84, provided that the amino acid sequence
comprising said stretch of amino acid residues binds IL-6R with about the same or a
higher affinity compared to the amino acid sequence comprising said stretch of
amino acid residues without the 2 or 1 amino acid difference, said affinity as

measured by surface plasmon resonance.

16
Aspect 11. Amino acid sequence according to any of aspects 1 to 18, which comprises at least a
stretch of aminc acid residues chosen from the following:
a) SEQID NO's: 93-94; or '
b} a stretch of amino acid residues that has no more than 2, preferably no more than 1
135 amino acid difference with one of SEQ 1D NO's: 83-94, provided that the amino acid
sequence comprising said stretch of amino acid residues binds IL-6R with about the
same ar a higher affinity compared to the amino acid sequence comprising said
stretch of amine acid residues without the 1 or £ amimo acid difference, said afiinity
as measured by surface plasmon resonance.
20
Aspect 12. Aming acid sequence according o any of aspects 1 {o 11, which comprises at least:
a} SEQIDNO: 93 0r
b} a stretch of amino acid residues that has no mora than 2, preferably no more than 1
aminao acid difference with SEQ 1D NO: 93, provided that the amino acid sequence
25 comprising said streteh of amino acid residues binds iL-6R with about the same or a

higher affinity compared to the amino acid seguence comprising said stretch of
amino acid residues without the 2 or 1 amino acid difference, said affinity as

measured by surface plasrmon resonance,

30 Aspect 13, Amino acid sequence according to any of aspects 1 to 12, which comprises at least two
stretches of amine acid residues selected from:

a} SEQ ID NO: 80 and SEQ ID NO: 84;

b} SEQ 1D NO: 80 and SEQ 1D NO: 93; or

c) SEQ ID NO: 84 and SEQ 1D NO: 93,

L]
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Aminc acid sequence according to any of aspects 1 to 13, which comprises SEQ 1D NO:

80, SEQ ID NO: 84 and SEQ iD NO: 93,

Amino acld seguence according 1o any of aspects 1 to 14, which essentially consists of a
heavy chain variable domain sequence that s derived from a conventlonal four-chain
antibody or which essentiaily consist of a heavy chain variable domaln sequence that is

derived from heavy chain antibody.

Amino acid sequence according to any of aspects 1 to 15, which essentiaily consists of a
domain antibody {or an amino acid seguence that is suitable for use as a domain
antibody), of a single domain antibody {or an amino acid sequence that is suitable for use
as a single domain antibody), of a "dAb" {or an aming acid sequence that is suitable for

use as a dAb) or of a Nanobody.

Aspect 17. Amino acid sequence according to any of aspects 1 to 16 selected from the group

consisting of;

a) SEQID NO's: 60-69;

b} asequence that has no more than 2, preferably no more than 1 amino acid difference
in one, two or all of its CDRs with one of SEQ ID NO's: 60-69, provided that the amine
acid sequence with no more than 2, preferably no more than 1 amino acid difference
in one, two ot all of its CORs binds H-6R with about the same or a higher affinity
compared to the binding by the one of SEQ [D NO’s: 60-69, said affinity as measured
by susface plasmon resonance;

¢) aseguence that has no more than 2, preferably no more than 1 amino acid difference
with one of SEQ 1D NO's: 60-69, provic_ied that the amino acid sequence with nc more
than 2, preferably no more than 1 amine acid difference with one of SEQ ID NO's: 60-
69 binds IL-6R with about the same or a higher affinity compared to the binding by
the one of SEQ ID NO's: 60-69, said affinity as measured by surface plasmon

resonance.

Aspect 18. Aming acid sequence according ta agpect 17 selected from the group consisting of:

a) SEQID NO's: 65-69;
b) a sequence that has no more than 2, preferably ne more than 1 amino acid difference
in one, two or all of its CDRs with one of SEQ 1D NO's; 65-69, providad that the amino

acid seguence with no more than 2, preferably no more than 1 amino acid difference
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in one, two or ali of its CDRs binds iL-6R with about the same or a higher affinity
compared to the binding by the one of SEQ 1D NO's: 65-69, said affinity as measured
hy surface plasmon resonance;

¢} asequence that has no more than 2, preferably no more then 1 amino acid difference
with one of SEQ D NO's: 65-69, provided that the amino acid sequence with no more
than 2, praferably nc more than 1 amine acid difference with one of SEQ ID NO's: 65-
69 binds 1L-6R with about the same or a higher affinity compared 1o the binding by
the one of SEQ 1D NO's: 65-65, said affinity as measured by surface plasmon

resonance.

Amino acid sequence according to aspect 18 selected from the group consisting of:

a) SEQID NO:66;

b} asequence that has no more than 2, preferably no more than 1 amine acid difference
in one, two or all of its CDRs with SEQ 1D NO: 66, provided that the amino acid
sequence with no motre than 2, preferably no more than 1 amino acid difference in
one, two or ali of its CDRs binds IL-6R with about the same or a higher affinity
compared to the binding by SEQ 1D NO: 66, sald affinity as measured by surface
plasmon resonance;

¢} asequence that has no more than 2, preferably no more than 1 amino acid difference
with SEQ D NG 66, provided that the omine acid sequence with no more than 2,
preferably no more than 1 amino acid difference with SEQ 1D NO: 66 binds 1L-6R with
about the same or a higher affinity compared to the bhinding by SEQ D NO:66, said

affinity as measured by surface plasmon resonance.

Amino acid sequence according to any of aspects 1 to 19, that specifically binds to hiL-6R
with a dissociation constant (K5} of 1 nM to 1 pM moles/litre or less, preferably 500 pM
10 1 pM moles/litre or less, more preferably 100 pM to 1 pM moles/litre or less, or even

more preferably about 50 pM to 1 pM or less.

Amina acid sequenca according to any of aspects 1 to 20, that specifically binds toc cyno
IL-6R with a dissociation constant (Kg) of 1 nM to 1 pM or less, preferably 500 pM to 1
pM or less, more preferably 100 pM to 1 pM or less, or even more preferably about 50

pM to 1 pM or less.
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Amino acid sequence according to any of aspects 1 to 21, that specifically binds to hIL-6R
with a k,.-rate of between 10* M™s™ to about 10’ M7s™?, preferably between 20° M's™

and 10" M7s”, more preferably about 10° M s™ or more.

Amino acid sequence according 1o any of aspects 1 1o 22, that specifically binds to cyno
IL-6R with a k,,-rate of between 10 M™s™ to about 10" M™s™?, preferably between 16° M

s?and 10" M5, more preferably about 10° M s™ or more.

Amino acid sequence according to any of aspects 1 1o 23, that specificaly binds to hit-6R
with a ko rate between 107 57 {4;,,=0.69 s} and 107 s {providing a near irreversible
complex with a t,, of multiple days), preferably between 10* s™ and 10% 5™, more

preferably between 10° s and 10° s, such as about 10° 5™ or lower.

Amino acid segquence according to any of aspects 1 to 24, that specificatly binds to cyno
IL-BR with a ke rate between 107 5™ (1,,=0.69 s) and 10° 5™ (providing a near irreversible
complex with a ty,; of muitiple days), preferably between 107 s and 10° 5™, more

preferably between 107 s and 10° s, such as about 10° s* or lower,

Amino acid sequence according to any of aspects 1 to 25, that, in the TF-1 assay, has (C50
values {at 100 1U/mi IL-6) between 10 nM and 50 pM, preferably between 5 nM and 50
pM, more prefarably between 1 nM and 50 pM or less, such as about 750 or 500 pM or

less,

Amino acid sequence according to any of aspects 1 to 26, that, in the TF-1 assay, has IC50
{at 5000 IU/mL 1t-6} petween 50 nM and 1 nM, preferably between 25 nivi and 1 nij,

more preferably between 10 nivi and 1 nM or less, such as about 8 nM or less.

Aminoc acid sequence according {o any of aspects 1 {o 27, that, in the T#-1 assay, has IC50
values that are &t least the same and preferably better, at least two times, preferably
three times, more preferably four timas, even more prefarably 5 times, 7 times or more
than 7 times batter compared to the ICS0 value obtained for the reference lgG as defined

by SEQ D NO’s: 1 and 2 or the reference Fab as defined by SEQ ID NO's: 3 and 4

Aming acid sequance according to any of aspects 1 to 28, that, in the TF-1 assay, has IC50

values that are at Izast the same and preferably better, at least two times, preferably
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three times, mare preferably four times, even more prefevably 5 times, 7 times ar more

than 7 times better compared to the IC50 value obtained for Tocilizumabk [MRA).

Amino acid sequence according to any of aspects 1 to 29, that has, in a plasma potancy
assay at EC50 valyes of IL-6, [C50 values between 300 pM and 50 pM, preferably
between 250 pM and 50 pM, more preferably between 200 pM and 50 pM or less, such
as 150 oM or less.,

Amino acid seguence according to any of espects 1 to 30, that has, in a plasma potency
assay at ECYS values of IL-6, 150 values between 1000 pM and 160 pM, prefarably
petween 750 ph and 100 pM, more preferably between 500 pM and 100 pM or less,
such as 400 pM or less.

Amino acid sequence according to any of aspects 1 to 31, that has, in a plasma potency
assay of aspects 30 or 31, IC50 values that are at least the same and preferably better, at
least two times, prefarably three times, more prefarably four times, even more
preferahiy 5 times, 7 times or more than 7 times better compared to the IC50 value
obtained for the reference IgG as defined by SEQ 1D NO's: 1 and 2 or the reference Fab as
defined by SEQ 1D NQ's: 3 and 4.

Amino acid sequence accarding to any of aspects 1 to 32, that has, in a plasma potency
assay of aspects 30 or 31, 1C50 values that are at least the same and preferably better, at
least two times, preferably three times, more preferably four times, even more
preferably 5 times, 7 times or more than 7 times better compared to the IC50 value

ohtained for Tocilizumab [MRA).

Amino acid sequence according to any of aspects 1 to 33, that has, for binding 10
mambrane [L-6R on CHO cells, IC50 vatues between 10 nM and 100 pM, preferably
between 5 niv and 100 pM, more preferably between 2 nM and 10 pM or less, such as 2

nivl or less.

Compeund or construct, that comprises or essentially consists of ong or more amino acid
sequences accerding to any of aspects 1 to 34, and optionally further comprises one or
more other groups, residuas, moisties or binding units, optionally linked via one or more

linkers.
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Compound or constract according to aspect 35, In which said ane or mere other groups,
residues, moieties or binding units are chosen fram the group consisting of domain
antibodies, amino acid sequences that are suitable for use as a domain antibody, single
domain antibodies, amino acid sequences that are suitable for use as a single domain
antibody, "dAb™'s, aminoc acid sequances that are suitable for use as a dAh, or

Nanobodies.

Compound er construct according to any of aspects 35 or 36, which is a multivalent

canstruct, such as e.g. a bivalent or trivalent construct.

Compound or construct according to any of aspects 35 to 37, which is a multispecific

" construct, such as e.g. a bispecific or trispecific construct,

Compound or construct according to any of aspects 35 to 38, which has an intreased
half-life, compared to the corresponding amino acid sequence according to any of

aspects 1 to 34 perse.

Compound or construct sccording to aspect 39, in which said one or more other groups,
residues, maieties or binding units provide the compound or construct with increased
half-life, compared to the corresponding amino acid sequence according to any of

aspects 1 to 20.

Compound or construct according to aspect 39, in which said one or more other groups,
residues, moleties or binding units that provide the compound or construct with
increased haif-life is chosen from the group consisting of serum proteins or fragments
thereof, binding units that can bind to serum proteins, an Fc portion, and small proteins

or peptides that can hind to serum proteins.

Compound or construct according to aspect 38, in which said one or more cther groups,
residues, moieties or hinding units that provide the compound or construct with
increased hali-iife is chosen from the group consisting of human serum albumin or

fragments thereof.

Compound or construct according to aspect 33, in which said one or more other groups,

residues, moieties or binding units that provides the compound or construct with

PCT/EP2010/054764
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increased half-life are chosen from the group consisting of binding units that can bind to

serum albumin {such as human serum albumin} or a serum immunoglobutin {such as

g}

Compeound or construct eccording 1o aspect 39, in which said one or more cther groups,
residues, maieties or hinding units that provides the cormpound or construct with
increased half-life are chosen from the group consisting of domain antibedies, amine
acid sequences that are suitabie for use as a domain antibody, single doemain antibodies,
amino acid sequences that are suitable for use as a single domain antibedy, "dab"s,
amino acid sequences that are suitable for use as a dADb, or Nancbodies that can bind to

serum albumin (such as human serum albumin) or a serum immunoglobulin (such as

1gG).

Compound or construct according 1o aspect 39, in which said one or more other binding
units that provides the compound or construct with increased half-life are chosen from

SEQ 1D NO's: §7-99,

Compound ar construct according to any of aspects 35 to 45, selected from the following

polypeptide sequences:

a) SEQID NO's 70-72;

b} a polypeptide sequence that has no more than 2, preferably no more than 1 amine
acid difference in one, two or all of its CDRs of the invention with one of SECLID NO's:
70-72, provided that the polypeptide sequence with no more than 2, preferably no
more than 1 amino acid difference in one, two or alt of its CDRs of the invention
binds 11-6R with about the same or a higher affinity compared to the binding by the
one of SEQ 1D NOY's: 70-72, said affinity as measured by surface plasmon resonance;

¢l apolypeptide sequence that has no more than 2, preferably no more than 1 amino
acid difference with one of SEQ ID NOQ's: 70-72, provided that the amino aci¢
seguence with no more than 2, preferably no more than 1 amino acid difference with
one of SEQ 1D NO's: 70-72 binds IL-6R with about the seme or & higher affinity
compared to the hinding by the one of SEQ 1D NO's: 70-72, szid affinity as measured

by surface plasmon resonance.

Aspect 47. Compound or construct according to any of aspects 35 to 46, selected from the following

polypeptide sequences:
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a} SEQ D NO's 70-71;

b} a polypeptide sequence that has no more than 2; preferably no more than 1 amino
acid difference in one, two or all of its CDRs of the invention with one of SEQ ID NO's:
70-71, provided that the polypeptide sequence with no more than 2, preferably no
more than 1 amino acid difference in one, two or all of its CDRs of the invention
binds IL-6R with about the same or a higher affinity compared to the binding by the
one of SEQ ID NC's: 70-71, said affinity as measured by surface plasmon resonance;

¢} & polypeptide sequence that has no more than 2, preferably no more than 1 amino
acid difference with one of SEQ 1D NO's; 70-71, provided that the amino acid
sequence with no more than 2, preferably no more than 1 amino acid difference with
one of 3EQ 1D NO’s; 70-71 binds {L-6R with about the same or a higher affinity
compared to the binding by the one of SEQ 1D NO's: 70-71, said affinity as measured

by surface plasmoen resonance.

Compound or construct according to any of aspects 38 to 47, that has or essentially

consists of the amino acid sequence of SEQ 1D NO: 70,

Compound or construct according to any of aspects 35 to 47, that has or essentially

consists of the amino acid sequence of SEQ ID NO: 71,

Compound or construct according to any of aspects 25 to 49, that specifically binds to
hiL-6R with a dissociation constant {Kp} of 1 nM to 1 pM moles/litre or less, preferably
500 pivl to 1 pM mgles/litre or less, more preferably 100 pM to 1 pM moles/litre or less,

or even more preferably about 50 pM to 1 pM or less.

Compound or construct according to any of aspects 35 to 50, that specifically binds to
cyno IL-6R with a dissociation constant {Kp} of 1 nM to 1 pM or less, preferably 500 pM to
1 pM or less, more preferably 100 pM to 1 p or less, or even maore preferably about 50

phi to 4 pM or less.

Compound or construct according to any of aspects 35 to 51, that specifically binds to
hiL-6R with a k,,-rate of between 10° M''s™ to about 107 M™s™, preferably between 10°

M7 st and 107 M's™, more preferably about 10° M5 or more,
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Aspect 55,

Aspect 56.

Aspect 57.

Aspect 58,

Aspect 59.
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Compound or construct according to any of aspects 35 to 52, that specifically binds to
cyno IL-6R with a koo-rate of between 10* Ms™ to about 10" M5, preferably between

10° M ® and 107 M5, more preferably about 10° M™s™ or more.

Compound or construct according to any of aspects 35 to 53, that specifically binds to
hiL-6R with a ke rate between 107 57 (11/,=0.69 5) and 10°° s {providing & near
irreversible complex with a t1; of multiple days}, preferably between 10 st and 10 57,

more preferably between 107 s™ and 10° 57, such as about 107 s™ or lower,

Compound or construct according to any of aspects 35 to 54, that specifically binds to
cyne IL-6R with a ke rate between 107 57 (1,,,=0.69 s) and 10° s {providing a near
irreversibie complex with a 1,,; of multiple days), preferably between 10" 5% and 10° st

mare preferably between 107 s* and 10° s, such as about 10° s or lower,

Compound or construct according to any of aspects 35 to 55, that, in the TF-1 assay, has
1C50 values (at 100 iU/mL iL-8) between 10 nM and 50 pM, preferably between 5 nM and
50 pM, more preferably between 1 niM and 50 pM or less, such as about 756 or 500 pM

or less.

Compound or construct according to any of aspects 35 to 56, that, in the TF-1 assay, has
IC50 (at 5000 1U/mi 1L-B) between 5C nM and 1 niM, preferably between 25 oM and 1

nM, more preferably between 10 nM and 1 nM or less, such as about 8 nvi or less,

Compound or construct according to any of aspects 35 to 57, that, in the TF-1 assay, has
IC50 values that are at jeast the same and preferably better, at least two times,
preferably three times, more preferably four times, even more preferably 5 times, 7
times or more than 7 times better compared to the IC50 value obtained for the reference
1gG as defined by SEQ 1D NO's: 1 and 2 or the reference Fab as defined by SEQ 1D NO's: 3
and 4

Compound or construct according to any of aspects 35 to 58, that, In the TF-1 assay, has
IC50 values that are at least the same and preferably better, at least two times,
preferably three times, more preferably four times, even more preferably 5 times, 7
times or more than 7 {imes better compared to the 1C50 value obiained for Tocilizumab

{MRA).
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Aspect 64,

Aspect 65,

Aspect 66.
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Compound or construct according to any of aspects 35 to 59, that has, in a plasma
potency assay at EC50 values of iL-6, IC50 values between 500 pM and 50 pM, preferably
between 250 pM and 50 pM, more preferably between 200 pM and 50 pM or fess, such
as 150 pM or less.

Cempound or construct according 1o any of aspects 35 to 60, that has, in a plasma
potency assay at ECH5 values of Ii-6, IC50 values between 1000 pM and 100 pM,
preferably between 750 pM and 100 pM, more preferably between 500 pM and 100 pM

or less, such as 400 pM or lass.

Compound or tonstruct according to any of aspects 35 to 61, that has, in a plasma
potency assay of aspects 60 or 61, IC50 vaiues that are at least the same and preferably
better, 2t least two times, preferably three times, more preferably four times, even more
preferably 5 times, 7 times or mare than 7 times better compared to the IC50 value
obtained for the reference igG as defined by SEQ 1D NO's: 1 and 2 or the reference Fab as
defined by SEQ 1D NO's: 3 and 4.

Compound or construct according to any of aspects 35 to 62, that has, in a plasma
potency assay of aspects 60 or 61, IC50 values that are at teast the same and preferably
hetter, at least two times, preferably three times, more preferably four times, even more
preferably 5 times, 7 times or more than 7 times better compared to the IC50 value

obtained for Tocliizumab (MRA).

Compound or construct according to any of aspects 35 to B3, that has, for binding to
membrane {L-6R on CHO cells, IC50 vaiues between 10 nM and 100 pM, preferably
between 5 nM and 100 pM, more preferably between 2 nM and 10 pM or less, such as 2

nivl ar less.

Monavalent construct, comprising or essentially consisting of one amino acid sequence

according to any of aspects 1 to 34.

Use of an amino acid sequence according to any of aspacts 1 to 34 or a monovalent
construct according fo aspect 65, in prepating & multivalent compound or construct

according 1o any of aspects 37 to 64,
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Aspect 70.

Aspect 71,

Aspect 72.
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mMethod far the preparation of 2 muitivalent compound or construct according to any of
aspects 37 to 64, comprising the linking of an amino acid sequence according to any of
aspects 1 to 32 or a mongvalent construct according to aspect 65 to one or more

groups, residues, moieties or binding units,

Method according to aspect 67, for the preparation of a multivatent compound or
construct according to any of aspects 37 to 64, comprising the linking of an aming acid,
sequence according to any of aspects 1 to 34 or a menovalent construct according to

aspect 65 to other groups, residues, meleties or binding untts via one or more finkers,

Nucleic acid or nucleotide sequence, that encodes an amino acid sequence according to
any of aspects 1 to 34, a compound or construct according to any of aspects 3510 64
that is such that it can be obtained by expression of a nucleic acid or nucleotide

sequence encading the same, or a monovalent construct according to aspect 65.

Nucleic acid or nucleotide sequence according to aspect 69, that is in the form of a

genetic construct.

Host or host cell that axpresses, or that under suitable circumstances is capable of
expressing, an amino acid sesquence according to any of aspects 1 10 34, a compound ar
construct according to any of aspects 35 to 64 that is such that it can be obtained by
expression of a nucieic acid or nucleotide sequence encoding the same, or a monovatent
construct accarding to aspect £3; and/or that comprises a nucleic acid or nucleotide

sequence according 1o aspect 69, or a genetic construct according to aspect 70,

Method for preducing ar amino acid sequence according to any of aspecis 1to 34, a

compound or construct according to any of aspects 35 to 64 that is such that it can be

obtained by expression of a nuclelc acid or nucleotide sequence encoding the same, or a

maonovalent construct according to aspects 65, said method at least comprising the

steps of:

a} expressing, in a suitable host cell or host organism or in another suitable expression
system, a nucleic acid or nucleotide sequence according to aspect 69, or a genetic
construct according to aspect 70;

optionally followed by:
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h) isolating and/or purifying the amine acid sequence according to any of aspects 1 to
34, the compound or construct according to any of aspects 35 to 64 that is such that
it can be obtained by expression of a nucleic acid or nucieotide sequenca encoding

the same, or the menovalent construct according to aspect 65 thus chiained.

Method for producing an amino acid sequence according to any of aspects 1 to 34, a
compound or construct according to any of aspects 35 to 64 that Is such that it can be
obtained by expression of a nucleic acid or nucleotide sequence encoding the same, or a
monovalent construct according to aspect &5, said method at least comprising the steps
of:

a) cultivating and/or maintaining a host or host cell according to aspect 71 under
conditions that are such that said host or host celt expresses and/or produces at ieast
ang amino acid sequence according to any of aspects 1 to 34, compound or construct
according to any of aspects 35 to 64 that is such that it can be obtained by expression
of a nucleic acid or nuclestide sequence encoding the same, or a menovalent
consiruct according to aspect 65,

optionally followed by:

b} isolating and/or purifying the amino acid sequeance according to any of aspects 1 10
34, the compound or construct according to any of aspects 35 to 64 that is such that
it can be obtained by expression of a nucleic acid or nucleotide sequeance encoding

the same, or the monovalent construct according to aspect 85 thus obtained,

Comgosition, comprising at least one amino acid sequence according 1o any of aspects 1
o 34, compound or construct according 1o any of aspects 35 to 64, monovalent
construct according to aspect 65, or nucleic acid or nucleotide seguence according to

aspects 69 or 70.
Composition according to aspect 74, which is a pharmaceutical composition.

Compaosition according to aspect 74, which is a pharmaceutical composition, that
further comprises at jeast one pharmaceutically accepiable carrier, diluent or excipient
and/or adjuvant, and that optionally comprises one or more further pharmaceutically

active polypeptides and/or compounds,
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Method for the prevention and/or treatment of at least one of the diseases and
disorders associated with 1L-6, with IL-6R, with the IL-6/IL-6R compiex and/or with the
signalling pathways and/or the biological functions and responses in which {L-5, il-6R
and/or the iL-6/L-6R complex are involved, said method comprising administering, toa
subject in need thereof, a pharmaceutically active amount of at least one amino acid
sequence according to any of aspects 110 34, 8 compound or construct according to any
of aspects 35 te 54, or @ monovalent construct according to aspect 65, or cocmposition

according 1o any of aspects 75 to 76.

Method according to aspect 77, wherein said diseases and disorders associated with IL-
&R and/or with the iL-6/IL-6R complex and/or with the signaling pathways and/or the
biolagical functions and responses in which -6 and/or the IL-6/1L-6R complex are
involved are chosen froem the group consisting of sepsis, various forms of cancer, bone
resarption, osteoparosis, cachexia, psoriasis, mesangial proliferative glomerulonephritis,

Kaposi's sarcoma, AlDS-related lymphoma, and inflammatory diseases.

Method according to aspect 78, wherein sald varicus forms of cancer are chosen from
the group consisting of multiple myeloma disease {MM), ranal cell carcinoma (RCC),
plasma cell leukaemiz, lymphoma, B-lymphoproliferative disorder (BLPD), and prostate

cancey.

Meathod according to aspect 78, wherein said inflammatory diseases are chosen from
the group consisting of rheumatoid arthritis, systemic onset juvenile idippathic arthritis,
hypergammaglobulinemia, Crohn’s disease, ulcerative colitis, systemic lupus
erythematosus (SLE}, muitiple sclerosis, Castleman’s disease, I[gM gammopathy, cardiac

myxoma, asthma, allergic asthrna and auteimmune insufin-dependant diabetes meidlitus.

Method for the prevention and/or treatment of at least one disease or disorder that can
he prevented and/or treated by administering, to 2 subject in need therecf, an amino
acid sequence according to any of aspects 1 to 34, a compound or construct according
to any of aspects 35 to 64, or a monovalent construct according to aspect 65, said
method comprising administering, to a subject in need thereof, @ pharmaceutically
active amount of at Jeast one amino acid sequence according to any of aspects 1 to 34,
compound oy canstruct according to any of aspacts 35 to 64, or monovalent construct

according to asgect 65, or composition according to any of aspects 75 to 76.
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Aspect 82, Use of an amino acid sequence according to any of aspects 1 to 34, compound or
consiruct accordin_g to any of aspects 35 to 64, or monovalent construct according to

aspect 63, in the preparation of a pharmaceutical composition for prevention and/or

L

treatment of at least one of the diseases and disorders assqciated with IL-&, with IL-6R,
with the IL-6/IL-6R complex and/or with the signalling pathways and/or the biological
functions and responses in which IL-6, 1L-6R and/or the {L-6/1L-6R complex are involved;

and/or for use in one or more of the methods according to aspects 77 to 81.

10 Aspect83. An amino acid sequence according 1o any of aspects 1 1o 34, a compound or construct
according to any of aspects 35 to 64, or monovalent construct according to aspect 65 for
use in the prevention and/or treatment of at least one of the diseases and disorders
associated with IL-6, with IL-6R, with the [L-6/iL-6R complex and/or with the signalling
pathways and/or the biclogical functions and responses in which [L-6, iL-6R and/or the

i3 IL-6/1L-6R complex are involved; and/or for use in one or more of the methods

according to aspects 77 to 81,

Aspect 84. Derlvative of an amino acid sequence according to any of aspects 1 to 34,.a compound
or construct according to any of aspects 35 to 54, or monovalent construct according to

20 aspect 65,
Aspect 85. Derivative according to aspect 84, that can specificaliy bind to IL-6R.

Aspect 86,  Derivative accarding to any of aspects 84 to 85, that has a serum half-life that is at jeast
25 1.5 times, preferably at least 2 times, such as at least 5 times, for example at least 10
times or more than 20 times, greater than the half-life of the aminc acid sequence
according to any of aspects 1 to 34 per se, compound or construct according to any of

aspects 35 to 64 per se, or monovaient construct according 1o aspect 65 per se,

30 Aspect87.  Derivative according to any of aspacts 84 to 86, that has a serum half-lifa that is
increased with more than 1 hours, preferably more than 2 hours, more preferably
more than b hours, such as more than 12 hours, or even more than 24, 48 or 72 hours,
compared to the corresponding amino acid sequence according to any of aspects 1 to

34 per se, a cormpound or construct according to any of aspects 35 to 64 per se, or

L)
L

monovalent construct accarding 1o aspect 65 per se.
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Derivative according to any of aspects 84 {0 87, that has a serum half-fife in human of
&t teast about 12 hours, preferably at teast 24 hours, more preferably at least 48 hours,
aven more preferably at least 72 hours or mare; for axample, at feast 5 days (such as
about 5 to 10 days), preferably at least @ days {such as about 9 to 14 days), more
preferably at least about 10 days (such as about 10 to 15 days), or at least about 11
days {such as about 11 to 16 days}, more preferably at least about 12 days (such as

about 12 to 18 days or more), or more than 14 days (such as about 14 to 19 days).

Derjvative according to any of aspects 84 to 88, that is a pegylated derivative,

Composition, comprising at least one derivative according to any of aspects 84 to 89.
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EXAMPLES
i. Isalation of il-6R binding Nanobodies

Example 1: Materials

The materials used for the isolation of iL-6R binding Nanobodies are given in Teble C-1.

Two representative anti-human IL-6R immunoglobulins described in EP 062863% {a Fab
fragment and a full-sized igG) were generated and used as reference compounds. The Fab fragment
and full-sized IgG were constructed based on the L-chain calted “Rvja” {see EP 0628639 B1, Table 2,
version {a}) and the H-chain called “RVF {see EP C628639 Bi, Table 3, version {f)}. These particular L-
chain and H-chain were chosen for the purposes of constructing the reference compounds because,
agcording to EP 0628639 81 (see for example paragraph [0074]), a reshaped human antibody
comprising said L-chain and said H-chain exhibited an ability to bind to human iL-6R at the same level
as PM1, a mouse monoclonal antibody against human IL-6R (see again [P 0628630 B1, paragraph
[009] and the further references cited therein).

The fuli-length reference 1gG consisted of the amino acid sequences of SEQ 1D NO: 1 (heavy
chain} and SEQID NO: 2 (light chain}, The Fab fragment consisted of the amino acid sequences of 5EQ
1D NO: 3 {heavy chain regions Vb and Vf fused to the CH1 region of human 1gG1) and SEQ iij NO: 4
{reshaped human PM-1 variable light chain fused to human Ckappa).

Encoding DNA fragments were generated by assembly PCR using partially overlapping
oligonucleotides. PCR products were cloned into a single, bi-cistronic vector which enables
expression of functional, disulphide-linked Fab fragments in the periplasm of £. cofi. Full-ength I1gG
was produced in CHO cells transfected with 2 expression vectors containing the genes for the fight
and heavy chains. The gene encoding the heavy chain was created by fusing Vyf to the constant

region of human 1gG1. The light chain was as described in EP 0628639,

Example 2: Immunizations

Two llamas {81 and 82) were immunized with human IL-6R (Peprotech) according to the
immunization schedule described in Table C-2.

After completion of the immunization schedule the immune response in each animal was
analyzed by ELISA. To this end, biotinyiated IL-8R {2 pg/ml} was captured in a neutravidin coated
microtiter plate. Serial dilutions of serum samples coliected at days 0, 28, 39 and 43 were added
(starting dilution: 1/500) and bound llama igG was detected by addition of goat anti-llama 1gG HRP

labeled. TMB was used as a substrate, Resulis are shown in Figure 1.
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immune responses were aiso analyzed by FACS: serial dilutions (starting dilution: 1/100) of
serum samples collected at days 0, 28 and 43 were incubated with U266 cells (human myeloma).
Bound Hama 1gG was detected by goat anti-ilama igG FITC tabeled. Results are shown in Figire 2.

Together these data show that both animals generated a good immune response against (L-6R

and that at least a fractton of lama igG recognize iL-6R on the surface of U266 cells.

Example 3: Library construction

RNA extracted from PBLs and lymph node was used as starting materiai for RT-PCR to amplify
Nanobody encoding gene fragments. These fragments were cloned into an expression vector derived
from pUCii% which contained the tacZ promoter, a coliphage pi protein coding sequence, a
resistance gene for ampiciliin or carbeniciliim, a multicioning site and the gen3 leader sequence. In
frame with the Nanohody coding sequence, the vactor coded for a C-terminal c-myc tag and a (His)6
tag. Phage was prepared according to a standard protocol and stored after filter sterilization at 4°C

for further use. The characteristics of the constructed libraries are shown in Table C-3.

Example 4: Selections

Selections were carried out with the above libraries using various conditions as summarized in
Table C-4. _

Only a single round of selectlon was performed for all conditions. Each selection oulput was
analyzed for enrichment factor (# phage present in eluate relative to control), diversity (Hinfl
profiling) and percentage of IL-6R positive clones [ELISA}. Based on these parameters the best
selections were chosen for further analysis. Te this end, the output from each selection was recloned
a5 a pool into an expression vector derived from pUC119 which contained the LacZ promoter, a
resistance gene for ampicillin or carbenicitiin, a muiticloning site and the gen3 leader sequence. In
frame with the Nanobody coding sequence, the vector coded for a C-terminal c-myc tag and a (His)6
tag. Colonies were picked and grown in 96 deep well piates (1 ml volume) and induced by adding
IPTG for Nanobody expression, Periplasmic extracts were prepared according to the standard

protocol,

Exampie 5: Screening

The periplasmic extracts were analyzed first for their ability to inhibit the IL-6-IL-6R interaction.
To this end, 2 independent Alphasctreen assays were set up which are depicted schematically in
Figure 3. in assay 1, the periplasmic extracts were incubated with soluble IL-6 receptor {1 nM),
biotinyiated [L-6 (3 nM), streptavidin coated donor beads and MAb BN-12 coated acceptor beads {20

ug/mi). Nanobodies positive in this assay could either inhibit the 1L-6/IL-6R interaction or IL-6R-MADb
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BN-12 interaction. To discriminate batween these 2 possibilities a second assay was set up {Assay 2},
In this assay the periplasmic extract were incubated with bio-IL-6R (0.3 nM}, streptavidin coated
donor beads and MAb BN-12 ccated acceptor beads {10 pg/ml). Nanobodies positive in assay 1 but
negative in assay 2 were considered as IL-6-1L-6R inhibitors.

Periplasmic extracts were diluted 25-fold in both assays which corresponds roughly 1o a final
concentration of 40 nM. A statistical overview of the screening effort is shown in Table C-5 below.
Nanecbodies showing the strongest inhibition were selected for off-rate analysis on Biacore and DNA

sequencing. Figure 4 shows protein sequences of inhibitory Nanohodies that were selecied for

. further analysis in cell based assays. Table C-6 shows krvatues of these inhibitory Nanobodies.

Example 6: Nanobody expression and purification

Selected Nanobodies were expressed in E.coli as c-myc, {His)o-tagged proteins in a culture
voiume of 50 or 250 ml. Expression was induced by addition of 1 mM [PTG and allowed to continue
for 4h at 37°C. After spinning the cell cultures, periplasmic extracts weré prepared by freeze-thawing
the pellets. These extracts were used as starting material for immobilized metal affinity
chromatography {IMAC). Manobodies were eluted from the column with 150 mM imidazole and
subsequently dialyzed against PBS. Total yield and yield per litre of cell culture are listed in Table C-7,

SDS-PAGE of purified Nanobodies {except for PMP28E11) is shown in Figurs 5.

Exampie 7: Protein based competition assay

The 14 purifled Nanohodies were tested in Alphascreen for inhibition of the IL-6/iL-6R
interaction. Serial difutions of purified preteins {concentration range: 500 nM - 10 pM) were added o
iL-6R {0.3 nM} and incubated for 15 min. Subsequently 3 nM bio-1L-6 and BN-12-coated acceptor
beads were added and this mixture was incubated for 1 hour, Finally streptavidin donor beads were
added and after 1 hour incubator the plate was read on the Envision microplate reader. BR-6 and the
Fab fragment described in Example 1 were included as reference. Results are shown in Figure 6.

Dose-response curves were observed for all 14 Nanobodies with ICs-vatues ranging from 48
pM to 1.7 nM {Teble (-8}, The most potent Nancbodies in this assay were PMP22CS and PMP35H4.
For PMP33A3 anly partial {~50%) inhibition of IL.-6/IL-6R interaction could be achieved.

Example 8: Affinity determination of the Nanobodies obtained

Affinity constants (Kd) of individual Nanobodies and the reference Fab fragment described in
Example 1 were determined by surface plasmon resonance (SPR} on a Biacore 3000 instrument. In
brief, IL-6R was amine-coupled to a CM5 sensor chip at a density of 800-1000 RU. Nanobodies were

injected at 5 different concentrations between 1 and 50 nM. Flow rate was 45 pifmin in all
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experiments, Association and dissociation phase were 3 and 10 min, respectively. The chip was
regenerated using Glycing/HC! pH 1.5. Binding curves at different concentrations of Nanohody were

used to calculate the kinetic parameters Kon, kox and Ky {Table C-9).

Example 9: Cell based potency of the Nanobodies in XG1 assay

Al purified Nanobodies were tested in the XG1 assay. XGl is an [L-6-dependent human
myeloma calf line, Half-maximal proliferation is achieved at ~20 pg/m of H-6. Assays were essentially
parformed as descrined by Zhang et al. {1994, Blood 83: 3654-3663). The reference Fab fragment as
described in Example 1 was included as a reference. iC36 values ranged from 90 pM to 50 nM as
listed in Table C-10. A small subset of Nanobodies was also tested in this assay in the presence of 1

mg/mi HSA,

Example 10: Cell based potency of the Nanobodies in TF1 assay

Nancbodies were also tested for their ability to Inhiblt [L-6-dependent proliferation of TF-1
celis (ECACC no,93022307; 1989, J. Cell Physiol,, 140: 323; 1993, Exp. Cell Res., 208: 35) by blocking of
IL-6 binding t0 IL-6R on the cell-surface. To this end, serial dilutions of Nanobody were pre-incubated
with a fixed amount of TF-1 celfs for 2 hours at 37°C. Subsequently IL-6 was added to a final
concentration of 2 ng/mi. IL-6-dependent celf proiiferation was aliowed to continue for 72 hours and

was measured by the incorporation of tritium labeled thymidine. IC50 values are listed in Table C-11.

Example 11: Compeitition with the reference Fab for binding to IL-6R

All 14 Nanobodies were analyzed for their ability to inhibit the binding of the reference Fab as
described in Example 1 to IL-6R in an Alphascreen based assay. in this assay, 100 nM cof purified
Nanabody was incubated with 0.4 n of biotinylated iL-6R. Reference-Fab coated acceptor beads
and streptavidin coated donor beads were added and the concentration of Reference-Fab/IL-6R
complex was measured. Values obtained in the presence of Nanobody were compared t0 & control
where no Nancbody was added and the ratios between the 2 values, expressed as %, are listed in
Table C-12. All Nancbodies, except IL6R03, show no or only partizl inhibition of the reference Fab
binding to IL-6R, suggesting that their epitopes do not or only partially overlap with the epitope of

the reference Fab.

Exampie 12: Binding of the Nanobodies to U266 cells
8inding of the Nancbodies to membrane-bound IL-6R expressed on U266 cells was analyzed in

FACS. The analysis was dene for purified Nanobodies from selected ctones (IL6R04, IL6R0Y, ILER11,
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" {L6R13 and 1L&R14). Results are shown in Figure 7. All Nanobodies ware able to bind to cell-surface

expressed human I1L-6R.

Example 13; Binding of the Nanobodies to plasma-derived human IL-6R

Soluble IL-6R is present in human plasma at a concentration of 80-400 ng/ml. To determine
whether Nanobodies IL6RA3, IL6RO4 and IL6R13 are able to bind plasma derived IL-6R, the effect of
human plasma on Nanobody binding to U266 cells was evaluated. Human plasma inhibited binding to
U266 cells, indicating that all 3 Nanobodies are able to bind t0o plasma-derived human IL-6R {see

Figure 8),

Example 14: Cross-reactivity of the Nanobodies to mouse IL-6R

Cross-reactivity of the Nanobodies to mouse iL-6R was analyzed in ELISA, To this end, 500ni
of the Nanobodies was applied toc a microtiter plate coated with 1 pg/mi mouse and human I1L-6R.
Detection was performed with anti-myc and anti-mouse-HRP as first and second antibody
respectively. Optical densities are shown in Figure 10. No binding to mouse IL-6R was observed for

any of the Nanobodies tested.

Example 15; Summary of the isolation of IL-6R binding Nanobodies

Immunization of Z llamas with recambinant IL-6R resulted in a panel of 14 unigue Nanobodies
which were able to block the interaction between |L-6 and iL-6R. This panel was analyzed in detail
and based on all the experimental data Nanobodies ILBR03, ILERD4 and IL6R13 were selected for

further development. The most important Nanobody characteristics are summarized in Table C-13.

H.  Formatting of the anti-lL-6R Nanobodies

Example 18: Preparation of multivalent constructs

The anti-ILl-6R Nanobodies described in the previous paragraphs were also expressed as
bispecific constructs consisting of a C-terminal an{i-SA Nanobody (ALB1}, a 9 amino acid Gly/Ser
linker and an N-terminal anti-iL-6R Nanabody. In addition, 4 trivalent, bispecific Manobodies were
constructed consisting of a C- terminal and N-terminal anti-IL-6R Nanobedy, an anti-5A Nanchody
{ALB1) in the middle, all connected via 9 amino acid Gly/Ser linkers, The IDs of these Nanobodies are

tisted in Tahle C-14.



10

20

30

35

W0 2010/115998 PCT/EP2010/054764
148

Example 17: Expression of bispecific anti-IL-6R Nanobodies.

Bispecific Nanabody constructs were expressed in E. coli as c-myg, {His)6-tagged proteins and
subsequently purified from the culture medium by immaobilized metai affinity chromatography
(IMAC) and size exclusion chromotagraphy (SEC). Total yield and yield per litre of cell culture are

listed in the Table C-15. SDPS-PAGE of purified Nanobodies is shown in Figure 13.

Example 18: Protein based competition assay

The purified bispecific Nanobodies were tested in Alphascreen for inhibition of the 1L-6/IL-6R
interaction. Serial dilutions of purified proteins {concentration range: 250 nM - 5 piM) were added to
IL-6R (0.3 nM} and incubated for 15 min. Subsequently 3 nM bic-IL-6 and BN-12-coated acceptor
beads were added and this mixture was incubated for 1 hour. Finally streptavidin donor beads were
added and after 1 hour incubator the plate was read on the Envision microplate reader, BR-6 and the
Fab fragment described In Exampie 1 were included as reference. Resuits are shown in Figure 12.

Dose-response curves were observed for afl Nanobodies with ICyp-values ranging from 123 pb

to 1.67 nM {Table C-16).

Example 12; Celi hased potency of the Nanobodies in XGI assay

Bispecific Nanobodies were tested in the XG1 proliferation assay. IC50 values ranged from 60
pM 1o 65 nM. Nanobodies were also analyzed in this assay in the presence of 1 mg/mL human serum
atbumin. 1250 values range from 190 pM to 90 nM for bispecific Nanobodies. The reference lgG as
described in Example 1 was incluged as reference, IC50 values are listed in Tabie C-17.

A foss i potency was observed when formatted Nanohodies were tested In the XG1 assay in
the presence of albumin. Potencies of formatted Nanobodies W6R24, IWER44 and ILER4AS were

superior to or in the same range as the reference 1gG in the presence of serum albumin.

Exampte 26: Determination of affinity for iL-6R
Binding of bispecific Nanobodies to IL-6R was analyzed by surface plasmen resonance. Kinetic
parameters were determined and are listed in Table C-18. No significant loss in affinity for IL-6R was

ohserved for the Nanobodies in bivalent format (IL6R23, [LER24, ILGR33).

Example 21: Determination of affinity for serum albumin

Binding of formatted Nanobodies to serum albumin was analyzed by surface plasmon
resonance. Affinity constants (Kd) were determined and are listed in Table C-19. The albumin binding
Nanobody Alb-1 {SEQ 1D NO: 97} was inciuded for comparison. The affinities were in the range of

pravicusly formatted Ranobodias containing the same anti-serum albhumin building block, however in
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general a lower affinity was observed. This was particularly the case for mouse serum albumin

affinity,

Exampie 22; Binding of the formatted Nanobodies to U266 celis

Binding of formatted Nanobodies from selected clones (IL6R23, ILBR24, IL6R2%, IL6R33, IL6R44
ahd HG6R53} fo U266 celle was analyzed by FACS. Results are shown in Figures 13 and 14, Blvalent
Nancbodies ILBR23, [L6R24, #6R29 ahd ILGR33 show reduced binding as compared to the
monovalent building blocks, whereas similar binding was chserved for trivalent Nanobodies ILGR44

and EBR53.

IN. Sequence optimization of anti-IL-6R Nanobodies

Example 23: Sequence optimization strategy

Protein sequences of Nanobodies IL6R(G3, IL6RO4 and ILBR13 were each aligned with the 5
closest human germlines sharing the highest degree of homology (Figure 15). Aming acid differences
in the framework regions relative to the human germline consensus sequence are color coded.
Amino acid differences highlighted in light gray were selected for conversion into the human
counterpart whereas amino acids highlighted in dark gray were left untouched, Initiaily a panel of 4
sequence optimized variants was generated for each of the 3 Nanohodies (Stage 1}. These variants
were analyzed for a number of parameters and the results obtained were used to design a second set
of Nanobodies (Stage 2). Protein sequences of all sequence optimized variants are shown in Figure

18.

Example 24: Sequence optimization stage 1
in staga 1 of the sequence optimization process the following 12 variants were created and
analyzed:
iL6RO3: IL6RG1, IL6R62Z, ILBREG3 and ILOR64
ILEROA: IL6R71, ILBRT2, IL6R73 and IL6R74
IL6R13: IL6R81, ILBRBZ, ILBRE3 and ILSR84

Aminao acid sequences of these differant variants are shown in Figure 16.

Evaluation of seguence optimized Nanobodies in the {L-6/IL-6R comipetition assay
Sequence optimized clones of ILGR03, (L6R04 and IL6R13 were tested in Alphascreen for

inhibition of the IL-6/IL-6R interaction. Serial dilutions of purified Nanocbodies were added to IL-6R
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(0.3 nM) and incubated for 15 min. Subsequently 3 nM bio-IL-6 and BN-12-coated acceptor beads
wers added and this mixiure was incubated for 1 hour. Finally streptavidin donor beads were added
and after 1 hour incubation the plaie was read on the Envision microplate reader. Parental clones
were ingiuded as reference. Resuits are shown in Figure 17, Figure 18 and Figures 19.

The sequence cptimized variants of ILBRG3 {ILBRE1, 62 and 64) have IC50 values all within 2-
fold of the IC50 value of ILBRO3, whereas ILERE3 displays a ~4-fold lower IC50 value.

For the sequence optimized variants of IL6RO4, no significant differences were observed in
IC50 values hetween [L6R04 and the 4 sequence optimized variants.

For the saquence oplimized variants of IL6RL3, the 1C50 values of ILBR8L and ILBRB3 were
almost identical to that of IL6R13 while the 2 variants carrying the RAT-> KGL mutation in framewaork
2 {IL6RB2 and ILER84) had a drop in potency.

Affinity determindtion

The sequence opilmized varianis of IL6RO3, ILBRO4 and ILBR13 were also analyzed on Biacore
for binding to IL-6R. Kingtic parameters are listed in Table C-20.

For the sequence optimized variants of iL6R03, K, values of ILBREL, 62 and 63 were all within 2-
fold of the K, value of ILBROR. The Ky of iLBRE4 was not determined.

For the sequence optimized variants of ILBRG4, no significant differences were observed in Kg

values between H6RC4 and the 4 sequence optimized variants,

to the Kq of iL6R13 while the 2 variants carrying the RAT—> KGL mutation in framework 2 {IL6R82 and
IL6R84} displayed a serious drop in affinity.
COverall, these observations are In perfect agreement with the resuls obtained in the

Alphascreen based competition assay.

Example 25: Sequence optimization stage 2
Based on the affinity and potency data of stage 1 it was decided to generate the following set
of variants:
s For 1L.6RO3 all mutations present in variants 1L6R&E, 62, 63 and 64 were combined to vield
{LRBS.
e For [L6R04 all mutations present in variants ILER71, 72, 73 and 74 were combined to vield
ILR75.
¢ For |L6RI3 a set of 6 new variants (IL6R85-90) was created carrying different {combinations

of) mutations in the RAT sequence in FR2. These mutations wers introduced in the ILBRE3

__For the sequence optimized variants of IL6R13, K, values of WER8] and IL6R83 are very similar



10

135

20

25

30

WO 2010/115998 PCT/EP2010/054764
151

background as this sequence optimized variant was indistinguishahle from WW6R13 in both

affinity and potency.

Off-rute gnalysis of seguence optimized IL6R13 varignts

Seguence optimized variants (L6R85-90 were analyzed as periplasmic extracts on Biacore,
Dissociation curves were used to calcuiate Ky values (Table C-21). Off-rates of Nanohodies ILBR87-89

were similar 1o that of ILBR13 while Nanobodies IL6RE5, 86 and 20 had 2 10-fold higher off-rate.

Evaluation of sequence optimized Nanohodies in the IL-6/1L-6R competition gssay

Sequence optimized variants IL6RB5-80 were tested as peripfasmic extracts for their ability 1o
block the IL-6/IL-6R interaction in Alphascreen. Results are shown in Figure 20.

Nanoboedies IL6RE87, 88 and 89 were more potent than IL6R23 variants 85, 86 and 90 in
btocking the IL-6/1L-6R interaction. These results are in perfect agreement with the observations on
Biacore. Comparison of the amino acid sequence of the sequence optimized 1L6R13 variants revealed
that mutation TASL was responsible for the reduction in off-rate and potency. Therefore the most
human variant without the T45L mutation, i.e. IL6R88, was selected for further characterization.

This variant was expressed, purified and analyzed for inhibition of the IL-6/IL-6R interaction
along with purified clones ILBRGS and ILGR7S. No significant differences between the different
sequence optimized clones (ILGRES5, I6R75 and [L6R88) and their corresponding non-sequence

optimized versions (IL6RG3, IL6R04 and ILE6R13, respectively) was abserved {Figure 21},

Affinfty determineation

Affinity constants {Kj) of ssequence optimized clones of HLGRES, 75 and 88 for human iL-6R
were determined by surface plasmon resonance on a Biacore 3000 instrument. in brief, humanr [L-6R
was amine-coupled to a CM5 sensor chip at a density of 8G0-1000 RU. Remaining reactive groups
were inactivated. Nanobody binding was assessed at various concentrations ranging from 0.5 to 30
nM. Each sample was injected for 4 min at a flow rate of 45 pl/min to allow far binding to chip-bound
antigen. Next, binding buffer without Nanobody was sent over the chip at the same flow rate to
allow for dissociation of bound Nanobody. Kinetic parameters of the sequence optimized variants of
ILERO3, 04 and 13 are given in Table C-22.

Mo major differences in affinity constants were observed between parental and sequence

optimized Nanobodies.
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Cell-based poltency assay

Sequencze optimized Manobodies were analyzed in the XG-1 assay. Results are shown in Figure
22.1C50 values are summarized in Table C-23. Sequence optimization had no significant effect on the

potency to neutralize iL-6-induced proliferation in cell-based assay.

V. Additional characterization of seguence optimized Nancbodies

Example 26: Affinity determination for cyno IL-6R

Affinity of IL6RO3-ILERES, ILERDA-IL6RTS and ILER13-IL-6RBS for cyno IL-6R was determined by
SPR on a Biacore 3000 instrument. In brief, cyno 1L-6R was amine- coupled to a CMS sensor chip at a
density of 760 RU. Remaining reactive groups were inactivated. Nanobody binding was assessed at
various concentrations ranging from 1.25 to 100 nM. Each sampie was injected for 4 min at a flow
rate of 45 ul/min to allow for binding to chip-bound antigen. Next, binding buffer without Nanobady
was sant over the chip at the same flow rate to allow for dissociation of bound Nanobody. The kinetic
parameters are summarized in Table C-24.

Although there was quite some difference in the affinity constants of [L6R04 and ILER7S, from
this experiment it was clear that the affinity of both molecules for cyno H-6R was much lower than
far human. In contrast, the affinity constants of ILGR03 and ILGRES for cyno IL-6R were in the same
range as for human IL-6R. Strikingly, the crystat structure of the IL-6/1L-6R/gp130 complex {Boulanger
et.al).reveals that.the IL-6 binding site.on.IL-6R is.completely. conserved between human and.cyne,

suggesting that IL6RO4 is binding to a different epitope.

Example 27: Testing of the sequence optimized Nanobodies in plasma potency assay using human
and eyno plasma

in order to assess the cross-reactivity of ILBRE5 and 1LBR75 with cynomolgus monkey iL-6R tha
plasma potency ELISA was performed using either human or cyno plasma as a source of siL-6R. In this
assay, a dilution series of the Nanobodies was pre-incubated with plasma and human -6 {50 ng/mL}.
Subsequently, plasma slL-6R was captured on a BN-12 coated plate and bound 1L-6 was detected
using biotinylated peolyclonal-antibodies and streptavidin-HRP.

As can be observed in Figure 23A, both IL6R201 and IL6RE5 were able to completely block the
binding of IL-6 to human sIL-6R, but 1L6R5ES appeared to be less potent than IL6R2(1, and than the
reference lgG and reference Fab described in Example 1. As can be observed in Figure 23B, ILE6R65
was akle to completely block the binding of IL-6 to cyno sIL-6R with a potency comparable to the

reference Fab described in Exampie 1.



ih

10

15

20

30

35

WO 2010/115998 PCT/EP2010/034764
153

Fxample 28: Testing of the sequence optimized Nanohodies in plasma potency assay at high IL-6
concentration

The plasma potency assay in human plasma was also used to test the ability of the Nanobodies
to block high concentrations of -G, {LBR04, IL6RES and the reference Fab described in Example 1
were tested at the ECS0 of IL-6 (50 ng/ml) and at the £C95 of -6 (885 ng/mL). The results are
depicted in Figure 24. Clearly, IL6R04 appearad to be the most potent compound at the ECS0 of IL-6.
At the £CO5 the reference Fab and ILBR65 could still completely biock plasma sIL-6R, alieit at higher
concentrations, indicating that these 2 molecules bind to an epitope that overlaps with the IL-6
binding site. The IC50 of the reference Fab increased from 0.55 nM to 8.47 nM and the IC50 of ILBRES
increased from 2,61 nM t0 66.25 nM,

Example 29: Blacore competition studies

Biacore experiments were carried out to investigate whether IL-6 and 1.6R65 were able to bind
to IL-6R simultaneously. The refarence Fab {Figure 25A}, ILBR201/75 (Figure 25B) or IL6R&S (Figure
25C) were captured on IL-6R, after which 1L-6 was allowed to bind to the complex. With the reference
Fab and IL6R65 almest no binding of 1i-6 could be observed. When IL-6 was captured on IL-6R and
the Nanobodies were injected, all three Nanobodies seemed to be able to bind to the complex.
However, in the case of the reference Fab and IL-6RE5 this was probably because IL-6 was displaced
due to the lower affinity of IL-6 for IL-6R.

Finally, IL-6R was allowed to bind to an IL-6 coated chip in the presence or absence of
Nanobodies {Figure 250). This confirmed the earlier results, namely 1L-6R could not be captured in
the presence of the reference Fab or [LGRE5.

in conclusion, the Biacore epitope mapping experiments showed that both the reference Fab
and IL6RES target the same epitope as IL-6. While ILBR65 and the reference Fab were able to block
the binding of IL-6 to IL-6R completely, L6R201 was unabie to prevent binding of 11-6 to IL-6R when

this Nanobody was bound to the recepior.

V. Affinity maturation of IL6RGS

Example 30: Diversification strategy for affinity maturation
CDR regions of the Nanobody IL6RG5 were randomized using the 2 following strategies:
1. Each CDR residue was replaced by a set of residues with similar side-chain chemistries:
K&>R
ALDS&T
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Loy
F&Y
N<=>D
0>t
G>A
ML
H,C,W,P were kept constant
2. Each CDR residue was replaced by a panel of amino acids which naturally occur on that position.
Only the most frequently occurring amino acids on each position were introduced in order to
limit the diversity per position. This approach was only used for randomization of CDR1 and
CDR2.

Concurrent randomization of CDRT and 2 was performed using the 2 strategies described
above and CDR3 was randomized separately following strategy 1 resulting in a total number of 3
fibraries. Alt 3 libraries were made in-house by PCR overlap extension using degenerate oligos.
Theoreticat diversity for each of the libraries was approximately 1x10e&. Fragments encoding the
Nanobady variants were cloned into the phage display vector. The actual size of all 3 libraries was
around 1xi0e8 (100x coverage of theoretical diversity). One round of selection was performed using
different concentration of biotinvlated iL-6R {0, 1, 10 and 100 pM]} in scluticn. Mo enrichment was

atserved for the CDR3 library under these conditions while dose-dependent enrichment was

-observed for beth CDR1/2-libraries, Quiputs from the COR1/2 Jibraries. were analyzed as periplasmic

extracts in ELISA and clones with highest signals were subsequently tested on Biacore. The top 30
clones in ELISA showed off-rates between 2.1x10e-3 and 2.6x10e-4 s-1. The 5 Nanobodies with the

slowest off-rates were sequenced, expressed and purified {Figure 26},

Example 31: Nanobody expression and purification

Affinity matured Nanobodies were expressed in E.colf as e-myc, [His}é-tagged proteins in a
cutture volume of 250 ml. Expression was induced by addition of 1 mM IPTG and allowed to continue
for 4h at 37°C. After spinning the cell cultures, periplasmic extracts were prepared by freeze-thawing
the pellets, These extracts were used as starting material for Immobilized metal affinity
chromatography {IMAC). Nanobodies were eiuted from the column with 150 mM imidazole and

subsequently desalted on a Hiprep26/10 column.

Example 32: Affinity determination of the affinity matured variants on Biacore
Nanobody IL6RE5 {sequence optimized) and the § affinity matured variants were analyzed on

Biacore. Binding curves at different concentrations of purified Nancbody were recorded and used to
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calculate the affinity constants. Kd-values for thase 5 clones ware between 0.34 and 0.895 nM which
carresponds to a 13 -fold improvement refative to ILBRES (parent Nanobody) for the best variant

(Figure 27).

Example 33: Evaluation of the affinity matured variants in plasma potency assay

All 5 affinity matured Nanobodies and the sequence optimized Nanobody were aiso tested in a
ptasma potency assay. In this assay different concentrations of Nanohody were mixed with soluble |-
6R containing plasma from either human or cynomolgus monkey and a fixed concentration of human
IL-6 [2.4 or 42 nM). After 1 hour of incubation the mixture was transferred to a Maxisorp plate
coated with the anti-IL-6R MAb BN-12 (Diacione). The amount of [L-6 bound was determined by
subsequent addition of blotinylated anti-iL-6 polyclonal antibody {R&D Systems) and streptavidin-

HRP. TMB was used as substrate. Substrate conversion was measturad at 450 nm {Figure 28).

Example 34: Evaluation of the affinity matured variants in TE-1 assay

The affinity matured Nanchodies were aiso tested for their ability to inhibit {L-6-dependent
proliferation of TF-1 celis (ECACC n0.93022307; 1983, 1. Cell Physial. 140: 323; 1993, Exp. Cell Res.
208: 35) due to blocking of IL-6 binding to IL-6R on the cel-surface. To this end, serial dilutiens of
Nanobody were pre-incubated with a fixed amoeunt of TF-1 celts for 2 hours at 37C. Subsequently 1L-6
was added to a final concentration of 2 ng/ml. [L-6-dependent cell proliferation was allowed to
continue for 72 houwrs and was measured by the incorporation of tritium labeled thymidine {Figure
29).

IC50 vatues of affinity matured Nanobodies were up to 17-fold better than that of iILER65 but

all variants were still less potent than the reference-igG.

Example 35: Biacore campetition studies

Biacore experiments were carried out 1o investigate whether IL-6 is able to bind to H-6R
simulianepusly with ILBRE6S5 and with 2 of its affinity matured variants (7D& and 7C4). In these
experiments IL-6R was captured on a BN-12 coated chip and saturated with Nanobody IL6RE5 {Figure
30A), 7D6 (Figure 30B) or 7C4 (Figlsre 30C). Next, binding of IL-6 to the [L-BR-Nanobody complex was
assessed by injection of the cytokine at a concentration of 100 nM. in addition, also binding of the 3
Nanobodies to [L-6R in complex with [L-6 was determined.

The results for ILER65 {Figure 30A) are comparable to the results observed praviously and
canfirm that ILBR65 and IL-6 recognize the same epitope on IL-6R. As expected the ILBRBS affinity

matured variants and IL-6 also recognized the same epitope on L-6R {Figure 30B-C).
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Example 36: Further affinity maturation

Next, a panel of 47 Nanobodies was generated containing different combinations of beneficial
mutations in COR1/2 and CDR3. Thaese mutations were identified by thorovgh analysis of protein
sequences and off-rates of all Nanobody clones isolated from the CDR randomization libraries. Off-
rates of these 2™ generation ciones ranged from 4.2E-04 to 4.5E-05 5%, 5 clones showing the slowest
off-rates were selected for further analysis (20F6, 20A11, 20E10, 21A10, 21D21). Saquences are listed

in Figure 31,

Exampie 37: Nanobody expression and purification of second round variants

Affinity matured Nanobodies were expressed in £.coli as c-myc, (His)o-tagged proteins in a
culture volume of 250 ml, Expression was induced by addition of 1 mM IPTG and allowed o continue
for 4h at 37°C. After spinning the cell cultures, periptasmic extracts were prepared by freeze-thawing
the pellets. These extracts were used as starting material for immobilized metal affinity
chromatograpby (IMAC), Nanobodies were eluted from the column with 150 mM imidazole and

subsequently desatted on 2 Hiprep26/10 column.

Exampie 38: Determination of melting temperatures
Temperature stability of the Nanobodies was analyzed in the thermai shift assay. The Tm
values were simitar for all affinity matured Nanobodies and shightly higher as compared to ILGR65. Tm

values are listed in Table C-25,

Exampie 39: Affinity determination of 2™ round variants on Biacore

Kinetic parameters for Nanobody IL6RBS (sequence optimized} and the 5 affinity matured
variants were determined on Blacore T100. Assodiation rates (k) were determined from binding
curves at 2 different concentrations of purified Nanobody and a fixed concentration of IL-GR which
was captured on the chip via mAb BN-12. Off-rates were determined at a single Nanobody
conceniration using JL-6R covalently coupled to the chip. Values for ka, kd and Kd are listed in Table

C-26.

Example 40: Evaiuation of 2™ round variants in TF-1 assay

Biological activity of the 2™ round variants was evatuated in the TF1 assay and data are
presented in Figure 32, The 2nd round affinity matured clones had a 5-8 fold higher potency than 1st
round clone 7C4 and were 2.5-4 fold more potent than the benchmark reference igG described in
Examnple 1. Best performing clone was 20A11 with an IC50 of 0.4 nM {4-fold more potent as

compared o benchmarl).
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Example 41: Evaluation of 2™ round variants in plasma potency assays

Inhibition of solubte IL-6R was analyzed in the plasma potency assay at high and low IL-6
concentrations. The 2™ round variants were at least as potent as the reference 1gG in the plasma
potency assay (0.1-0.2 nM}, which was at the sensitivity limit of this assay. At high iL-6 concendration
(ECSS5), the affinity mutants were still able to block binding of IL-6 to siL-6R and appeared to be 3.4
fold more potent than the reference 1gG. No difference could be observed between 1st and 2nd

round variants in this assay. As expected, all tested clones were cyno cross-reactive {Figure 33}

Exampie 42: Binding to human PBMCs in full biood

Purified Nanchodies IL6RE5 and PMP20A11 ware tested in FACS for binding to human PBMCs.
Cell binding was detected using a biotinylated anti-His mAb and PE-labefled streptavidin {Figure 34).
Both IL6R6S and the affinity matured variant PMP20ALL could bind to neutrophils, monocytes and a

subpopuiation of lymphocytes, This is in agreement with the expression profile of IL-6R.

Vi. Formatting of affinity matured Nanobody

Example 43: Preparation of multivalent constructs
PMP20ALL was formatted as bivalent and trivalent Nanobodies with the albumin-binding

Nanobody ALBS. An overview of the different Nanobodies is presented in Table C-27.

Exampie 44: Neutralization of membrane IL-6R in the TF-1 assay

In a first experiment, it was verified if the formatted Nanobodies inhibit the signalization
through tL-BR using the TF-1 cell line as model system. Nanohodies 20A11, IL6R304, ILBR305 and
IL6R306 dose-dependently and completely block the iL-6 induced proliferation of TF-1 cells mediated
by membrane [L-6R (Figure 35, Table C-28).

These resuits demonstrate that all formatted Nanobodies are more potent compared to the
reference 1gG as described in Example 1 for inhibiting membrane 1L-6R activity. Compared to its
monovalent eguivalent [LBR304, 1L6R305 inhibits ~ 7-fold more potently the IL-6 mediated respaonses,
demonstrating avid interaction of ILGR305 with membrane {L-6R. ILER30E is less potent than ILER305
and only shows a 2-fold better potency than IL6R30(4. This demonstrates that the format of ILGR306
is iess favorable and moreover indicates that avid binding of {L6R306 is not possibie.

Next, it was varified if the formatted Nanobodies could still completely inhibit the signalization

through IL-6R at pathological concentrations of i.-6. Indeed, 20411, IL6R304, IL6R30S5 and ILER3DEG
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dose-dependently and completely blocked the proliferation of TF-1 cells induced by 5000 #J/mt IL-6
(Figure 36, Table C-29). As expected, IC50s did shift compared to the experiments performed with
106 {U/mi. In agreement with the previous results, ILBR305 was most potent in biocking the 1L-6
induced signalization through membrane IL-6R.

As the Nanobodies do interact with 1L-6R, it was verified if binding of Nanobodies to this
recepior might induce cell activation ieading to cell proliferation, TF-1 cells were incubated with an
excess of Nanobody in the prasence or absence of 100 JU/mi IL-6 {Figure 37). As expected, both
ILSR304 and 1L6R305 completely prevented the IL-6 mediated proliferation. indeed, ILBR305 and
IL6R306 inhibited the IL-6 proliferation to the same level as the background [*H-thymidine
incorporation measured in the absence of growth factors), demonstrating that ILBR304 and 1L6R305
completely blocked the effect of |L-6.

ILER304 and JLBR305 did not induce proliferation of TF-1 cells in the absence of growth factors,

suggesting that these compounds do not have an agenistic effect on Tr-1 cells,

Example 45: Neutralization of siL-6R in ELISA by the formatted affinity matured Nanobodies

The ability of the building block IL6R20A11 and its formatted variants to prevent binding of
human -6 to plasma 3IL-6R was analyzed in the plasma potency ELISA. Since the concentration of
plasma slL-5R is variable, the same plasma needed to be used across the different assays for
cormparing the potency of the Nanobodies. Also, a titration of 1l.-6 was first incubated in the plasma
10 determine the concentration of IL-6 that would be used with the Nanobodles. The EC50 and EC95
values of IL-6 in human plasma were determined to be 27.29 ng/mi and 885 ng/mL, respectively.
These concentrations were subsequently used 10 test the potency of the Nanobodies at normal and
high concentrations of IL-6.

IL6R20ALT and the formatted variants were compared to the reference IgG as described in
Example 1. The resulting IC50 values for the different Nanobodies are summarized in Table C-30. At
the EC50 of IL-6 {Figure 38A, B) both the monovalent and hivalent IL-6R Nanohodies were in the same
range as the reference igG. Although IL6R304 has only one binding site, it had a similar 1C50 as the
reference 1gG (0,229 nM vs. 0.258 nvi}. ILBR305 appeared to be twice as potent as IL6R304 (IL50 of
0.137 nb), which is in fine with its two binding sites. However, ILBR30E appeared to be |ess potent
than IL6R304 and the reference 1gG and had an 1C50 of 0.412 nM.

Most probably the assay limit was reached in terms of sensitivity. Indeed, the concentration of
plasma siL-6R was ~30 ng/mL or 0.6 nM. Therefore, only 0.3 nM of slL-6R needed 1o be blocked by
the Nanobodies {50% plasma}, which means that the minimum IC50 that can be obtained is 0.15 nM.
This carresponds to the 1C50 values that were obtained. Howaver, if the IL-6 concentration would be

increased to 885 nag/mi it would be more difficult for the Nanobodies to compete with IL-6 and a
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larger difference in peotency could be detected. Indeed, at high iL-6 concentrations |LER20A11,
[L6R304 and ILBR3D5 were ciearly more potent than the reference IgG, whereas ILGR306 was not
{Figure 38 C, D). The ratio of the |C50 at high and low concentrations of IL-6 is shown in Table C-30.
Clearly, the reference igG and ILGR30& were more affected by increasing IL-6 than the other

Nanobodies. This was atso observed in the TF-1 assay (see Example 44).

Example 46: Binding of the formatted affinity matured Nanobodies to membrane IL-6R
In order to block signaling of -6, both soluble and membrane IL-6R need 1o be neutralized by
the Nanobodies. Therefore, binding of the different formatied Nanobodies to IL-6R-expressing cells

was analyzed by flow cytomaetry.

Binding to {L-6R-expressing CHO cells

Stably transfected CHO cells expressing human 1L-6R were used to analyze the binding of the
anti-IL-6R Nanobodies to membrane [L-6R {Figure 39A). IL-6R negative CHO cells were used as a
negative control (Figure 39B). All 4 Nangbodies showed saturated binding to IL-6R-expressing celis,
whereas only very fow signals were detected at high Nanobody concentrations on |L-6R-negative
cells,

The median PE fluorescence was exported to GraphPad and 4PL curves were fitted o
determine the EC50 values. These are summarized in Table C-31. In contrast to the TF-1 assay,
IL6R305 did ﬁot seem to benefit from an avidity effect in this setup: it was eniy a factor 2 more
potent than 1L6R304 (0.8284 vs. 1.939 niv). As was alsc the case in the TF-2 and in the plasma ELISA,
ILER306 bound less well to {L-6R-positive calls,

Binding to peripheral blggd leukocytes

Human PBL were used to demonstrate binding of the Nanobodies to membrane [L-6R under
physiological conditions. This matrix is highly relevant for the in vivo situation, since it contains HSA
{~50 mg/ml}, siL-6R {~30 ng/ml}, cells expressing membrane IL-6R {CD4" T cells, monocytes,
granulocytes) and IL-6R-negative cells {most circulating B cells, CDB' T celis). The Nanobodies were
incubated in EDTA-treated blood from 2 donors and bound Nanobeody was detected by flow
eytometry. Lymphocytes, monocytes and granulocytes were gated based on FSC/SSC properties
(Figure 40} and bound Nancbodies wera detected in the PE channel,

As can be observed in Figure 40 {right}, the granulocytes and monocytes were uniformly
stained by the Nanohodies, In contrast, only a part of the lymphocytes were stained. This can be

observed as a double peak in the PE histogram. The mean fluorescence of the 3 gated populations
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after incubation with different concentrations of the MNanobodies is depicted in Figure 41 and the

resulting EC50 values are summarizad in Table C-32.

Example 47: Affinity of the formatted affinity matured Nanobodies for human and cyno serum
albumin

inetic analysis of the bi-specific, bivalent and trivalent Manobodies ILBR304, ILBR3D5 and
iL6R306 an human and cyno serum albumin was performed by SPR on a Biacore 3000 instrument,
Resuits are shown in Figure 42 and swmmarized in Table C-33. Nanobodies I1L6R304, 305 and 306
showed similar kinetic rate constants and affinities (17-23 aM} for human and cyno 3A. The affinity of
the formatted 1i-5R Nanobodies for SA was 6.5x lower as compared to the monovalent ani-5A
Nanobody ALB11 by a decrease of a factor 2.5 in association rate and an increase of a factor 2.5 in

dissociation rate.

Example 48; Affinity for human and cyno IL-6R

Kinetic analysis on human and cyna IL-6R was performed by SPR on a Biacore T100 instrument.
Because of indications of a conformational change of IL-6R when immobilizing 1t direcily to the chip
on-rates were measured on IL-6R captured by BN-12. Off-rates were measured on directly
immaobilized 1L-6R, because of the lack of avaiiability of a capturing tool with a lower dissociation rate
Uian the Nanobody-1-6R interaction. Resclis are shown in Table C-34 and Figure 43,

The on-rate of Z0A11 {ILER300; SEQ, 1D NO: 66) decreased by less than a factor 2 by formatting
with an anti-SA building block (ILER304). The off-rate for IL6R304 on human [L-BR was at or helow the
detection limit of the Biacore instrument, The off-rate on cyno IL-6R was 2 2 times higher than on
human IL-GR, but still near the detection limit. Calculated affinities for ILBR304 were < 14 pM on

human IL-68 and 25 pM on cyno IL-6R.

Exampile 49; Species cross-reactivity of LGR20A1L
Cross-reactivity of ILBR20ALL and its formatted variants with cynomaolgus sil-6R was analyzed
in the plasma potency ELISA using cyno plasma. Also, a competition ELISA was used to determine the

cross-reactivity of ILBR20A11 with cyno and mouse siL-6R.

Plgsma potency ELISA

A titration of human iL-6 was first incubated in ¢yno plasma and the ECS0 value of iL-6 was
determined to he 50.11 ng/mL. This concentration of IL-6 was subsequently used 10 test the cross-
reactivity of the Nancbodies with cyno plasma siL-6R. As can be chserved in Figure 44, IL6R20A11

and the formatted variants ware clearly cross-reactive with cynomolgus siL-6R. The same ranking can
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be cbserved as in human plasma and the ratio of the IC50 values in human vs. cyno plasma was

similar for all compounds {Table C-35}.

Competition ELISA

The plasma potency ELISA can only be used if BN-12 is able to capture plasma stL-6R from that
particular species and if binding of [L-6 to sil-6R can be detected, Therefore, a more generic
competition ELISA was developed. This assay was hased on binding of ILBR2Z0A11 o neutravidin-
captured IL-6R-bio. Briefly, 0.4 nM of ILBR20A11 was pre-incubated with a titration series of plasma
from the different species containing endogenous sIL-6R, after which free |LER20A11 was captured
on bioctinylated human siL-6R immobilized on a neutravidin-coated plate, and detected with an anti-
VHH mAL:FITC and anti-FITC-HRP. The concentration of {LBR20A11 of 0.4 nM corresponds to the
concentration that yields 50% of the maximal signal {(ECs; of 0.35 £0.021 nM; n=4}.

As can be observed in Figure 45, (L6R20A11 was clearly cross-reactive with cyno slL-6R, which
confirms the Biacore results. in contrast, no binding to mouse sIL-6R could be shserved. Human and
cyno plasma also competed with binding of [L6R20A11 to recombinant siL-6R, whereas mouse
plasma did not. In fact, increasing signals were observed at high concentrations of mouse piasma,

which was probably due to the detection of mouse immunogiobulins in the assay.

Example 50: Specificity of ILGR20A11 for IL-6R

IL-6R belongs to the family of type | cytoking receptors. Since the cytokine binding region of
these receptors is conserved, the specificity of IL6R20A11 for IL-6R was analyzed by analyzing binding
to receptors related 1o IL-6R. Binding of 1ILBRZ0A1L to LIF-R, CNTF-R, OSM-R and IL-11R/Fc was
analyzed in a competitive hinding ELISA. As can be cbserved in Figure 46, the positive controf slL-6R
inhibited binding of IL6R20A11 1o the plate. The 1C50 for slL-6R {0.03niM) was in line with the
expected IC50 based on the amount of ILGR20A11 that was used {0.025 nM vs. 3.05 nh). None of the
IL-6R-refated proteins seemed to compete with binding of ILBR20A11 to slL-6R, even at a 100-fold
molar excess {5 nM}. In a similar setup, it was shown that CLF-1/CLC, IL12-p40, iL-27B and gp130/F¢
also did not interact with 0.05 nM of IL6R20A11, even at concentrations as high as 100 nM (results

nat shown).

Vil. In vive PK/PD anaiysis of IL6R304 and iL6R305

The aim of this study was to analyze the plasma pharmacokinetics (PK}, pharmacodynamics

(PD) and immunogenicity of two seguence optimized, affinity maturated anfi-interieukin & receptor
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{IL-BR} Nanohodias, namely 1L6R304 and ILBR30S, in cynomelgus monkey after a single intravenous
bolus administration. Administration of Nanobodies was foliowed by 7 daily subcutaneous injections
of recombinant human (h) [L-6 starting 24 hours post Nanobody administration. The ultimate goal of
this in vivo efficacy study was to assess the ability of these anti-Il-6R Nanobodies to inhibit hiL-6-
induced parameters and compare their efficacy with each other and with the benchmark reference
of Example 1.

In noh-human primates and in humans, recombinant hit-6 has been reported te induce the
synthesis of acute phase preteins. Acute phase proteins are defined as 2 class of piasma proteins,
such as C-reactive protein (CRP}, serum amyloid A, haptogiobin, fibrincgen, albumin and transferrin,
whose plasma concentrations increase or decrease by at least 25% In response to inflammation,
mainiy due to changes in their proguction by hepatocytes. Pattarns of cytokine production and acute
phase response differ in different inflammatory conditions. Therefore, acute phase changas reflect
the presence and Intensity of inflammation, making them diagnostically relevant. The main
stimulators of the production of acute phase proteins are the inflammation-associated cytokines,
which are produced during inflammatory processes: -6, IL-18, tumor necrosis factor-a (TNF-a),

interferon-y (INF-y), transforming growth factor B [TGF-B} and passibly 1L-8.

Example 51: Study design

e lnthhq?udy ﬁ..greups.(groups ﬁroil,Tab‘EC’*?)s) of-2-2-animals FEEEWEdaSEngIE'.V.ln]ection e

of ILER304 or ILBR30%. OF both Nanobodies, 3 different doses were tested, namely 014, 2 or 10
mg/kg. in addition, animals in group 12 {n = 3) received vehicle and served as negative controt, while
animals of group 13 (n =3) were injected with 5 mg/kg reference iglG {Table C-36).

Starting on TD1, .. 24 hours after test itern adrministration, all animals were injected once
daily for 7 days with hil-6 (5 pg/ke; Figure 47).

Blood samples were coliected via the vena cephalica or saphena magna hefore and after
infection of hil-6 on predetermined time paints (see Figure 47). Extra blood samples were taken on

TDO for PK analysis (see Table C-37).

Example 52: The effect of the Nanobodies on an hil-6-induced acute phase response (phase 2)

The effect of the Nanobodies and the positive reference |gG was analyzed on the induction of
an acuie phase response by 7 consecutive daily injections of hil-6. Read-outs were CRP levels,
fibrinogen levels and platelet count,

in the negative control group (group 12}, CRP levels were immediately elevated after the first

injection of hiL-6 and maximum levels were already reached on day 2. The maximum levels attained
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were between 0.2 — 0.8 mg/mi and this plateau was maintained until day 8, which is the day after
the last hiL-6 injection (Figure 48A), '

These changes were completely inhibited by pretreatment with 5 mg/kg reference igG {Figure
488). Also a single pretreatment with a comparable dose (2 mg/kg) or a 5-fold higher dose {10 mg/kg)
of the Nanobodies iL6R304 and ILBR305 gave aimost complete inhibition of CRP induction during the
whole course of the experiment {Figure 48C and D). Only animal No.18 in the highest dose group of
IL6R304 showed some induction, reaching maximum serum CRP levels around 0.1 mg/mL. In the
lowest dose group {0.4 mg/kg), both Nanobodies gave compiete inhibition for 7 days. CRP levels
increased only on day 8 to comparabie levels as in the negative control group (Figure 48) The mean
CRP levels of all groups can be found in Figure 49,

Fibrinogen levels increased slowly in the negative control group to an average maximum of 5
times the basal levels {Figure 50A} This maximum was reached on day 6 and was maintained for 2
‘more days. On dav 14, fibrinogen levels were back to basal levels. The reference igG was capable 1o
completely inhibit the induction of fibrinogen (Figure 50B). Both Nanobodies showed a dose-
depandent inhibition of fibrinogen induction {Figure 50C and D}, In the highest dose groups,
inhibition was almost complete for both animals pretreated with IL6R304 and for 1 out of 2 animals
pretreated with ILGR305. There was some minor increases in fibrinogen levels of animal No. 25 {10
mg/kg ILBR305) and of all animals of the middle and lowest dose groups of both Nancbodies. In these
animals, however, fibrinogen levels never exceeded 2-3 times the basal levels. The mean fibrinogen
levels of all groups can he found in Figure 51,

For alf animals in the negative control group, platelet counts increased stowly from day 5
onwards. Maximum levels were reached at day 8§ to day 14 and were between 160-190% of basal
levels. The effect of hil-& on platelet counts was completely blocked by a single pretreatment with 5
mg/kg reference 1gG or = 2 mg/kg of the Nanobodies. An induction in platefet count was only
observed in the lowest dose groups of the Nanobodies, starting i all animals on day 8. Maximal
induction was around 120-150% of basal ievels for IL6R304, while maximum platelet counts for
ILBR305 were between 160-180% of basal levels (Figures 52 and 53).

n conclusion, 1L6R304 and ILER3D5 showed a similar dose-dependent and complete inhibition

of all three acute phase response parameters,

Exampile 53: Piasma concentrations after i.v. administration of IL6R304 or ILBR305 (0.4-2-10 mg/kg)
in cynomolgus monkeys

Biood samples for plasma pharmacokinetic {PK) analysis ELISA sample analysis were taken at
pre-dose and at following time points post administration of ILBR304 or ILGR305: 5 and 30 minutes, 3
and 8 hours, day 1, 2, 3,4, 5,6, 7, 8, 14, 21 and 29,
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Individual observed plasma concentration-time plots after i.v. administration of ILBR304 (C.4-2-
10 me/kg) and ILER205 [0.4-2-10 mgfkg) to cynomolgus monkeys are shown in Figurs 54 and Figure

55, respectively.

Example 54: Non-compartmental pharmacokinetics analysis of IL6R304 and 1L6R305 {0.4-2-10
mg/kg) in cynomoigus monkeys

An overview of the basic PK parameters obtained by non-compartmental PX analysis of
ILBR304 (0.4-2-10 mg/kg) and ILBR305 {0.4-2-10 mg/ke) in cynomolgus monkeys is given in Table C-
38, Table £-39, Table C-40, Table C-41, Table C-42 and Table C-43. The PK pararneters discussed
herein are ohtained using non-comparimental analysis (NCA} using WinNonlin Professional Software
Version 5.1 (Pharsight Corp). The terminat parameters far same of the animals were calcuiated with
two data-points only (R is 1 by default),

For both Nanobodias administered intravencusly in cynomolgus monkeys, plasma
concentrations seemed to decline in a triphasic manner. During the first two days post administration
there was an initial disposition phase, followed by a slower dominant phase. A gradual decline at the
lower concentrations resulted in a terminal phase characterized by a short half-life,

Since anti-drug antibodies were detacted in the plasma samples of most cynomolgus monkeys,

the change in terminal haif-life at lower concentrations could be linked to an immune-mediated

—clearance-mechanlsm.. This-ls - however. unlikely-upon-examining the-RX. profilas: at.the Jowest dose

the shortest hailf-life has been abserved at time points where no immunogenicity is detectad.
Moreover, despite the presence of detectable titers at the higher doses, there is still a tendancy
towards longer half-lives ({.e. ILBR304 10 mg/kg i.v.).

Based on PK profile observations, it is expected that both Nanobodies are cleared from the
circulation via at least two mechanisms. In such a situation, a linear non-saturable clesrange
mechanism would represent the necn-specific degradation of compound. A second saturable
clearance mechanism would be target mediated {f.e. internalization of drug binding to membrane
bound IL-6R and subseguent clearance). At higher Nanobody concentrations, the latter clearance
mechanism is expected t¢ be saturated and negligible compared with the non-saturable finear
clearance: the linear clearance is dominant (resubting in 2 dominant nhalf-iife}. However, at lower
concentrations the rate of metabolism is higher for a given Nanobody concentration, resulting in 2
change of tarminal sfope.

Because of target maediated clearance, PK parameters obtalned via NCA analysis such as
clearance and half-life appear to be dose and time dependent. The total clearance is the highest at

the lowest dose: 24.8 and 35 mi/day/kg for ILBR30O4 and ILER305 after 0.4 mg/kg 1.v. compared with
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10.4-9.00 and 5.93-7.76 mi/day/kg for IL6R304 and ILER305 5t the higher doses. Correspondingly,
the dose normalized exposure will be lower at the lowest dose [Dose = CL x AUC).

The dominant half-life of ILBR304 decreased from 6.61 days to 5.00 days and 1.73 days after
i.v. administration of 10, 2 and 0.4 mg/kg. The dominant half-life of ILBR3(5 decreased from 7.37
days to 4.29 days and 1.64 days after i.v. administration of 10, 2 and 0.4 mg/kg. Since more data
points are available at eariier time points, the ferminal phase was best charactarized at the lowest
dose: a short terminal half-life of 0.530 days and 0.470 days was observed after i.v. administration of
0.4 mg/ke ILBR304 and ILGR30S, respectively.

Based on these PK findings, the pharmacokinetic properties of IL6R304 and IL6R305 are
considered to be similar.

At test day 29 for monkey 14m and monkey 15f {i.v. 2 mg/kg} low IL6R304 concentration levels
were stifl detectable. Based on the PK profiles of the other monkeys, these observations were
unexpected. It is possible that this indicates a second type of saturable target binding, which only
becomes apparent at very low concentrations. However, these cbservations could alse be an artifact
of the PX ELISA sampie analysfs.

The reported volumes of distribution calculated via NCA analysis were low ranging from once
to twice the plasma volume of approximately 40 mi/kg for both Nanobodies, suggesting iimited
distribution outside the vascular space. However, the true Vss may be underestimated due fo
methodological errors finked to NCA (f.e. Nanobody distribution and subsequent degradation in the
peripheric space would not be attributed to the distribution term but to the toral systemic
c!earance).'The Vss seems fairly constant across the different dose levels.

To iHlustrate the possible effects of target binding on the PK profile, Figure 56 compares the
mean PK profiles of IL6R304 {iv. 0.4-2-10 mg/kg) and ILGR202 {i.v. 2 mg/kg, SEQ 1D ON: 73}, For
iflustrative purposes the ILBR202 (iv. 2 mg/kg) PK profile was normalized to a 0.4 me/kg and 10
mg/kg dose as weil, 1L6R304 was shown to bind to [L-6R in cynomolgus monkey, while for ILER202
there was a lack of targat binding in cynomolgus monkey (WO 08/010538}. Correspondingly, at high
concentrations where lingar clearance is dominant, the profiles (and corresponding half-lives) of both
Nanobodies are similar. At fower concentrations, a gradual change in siope is cbserved for ILER304
maost likely due to target mediated clearance, while for ILBR202 there is no change in terminal slope.
However, the lower concentrations of IL6R304 and ILBR305 could also be somewhat underestimated

due to IL-6R interference in the PX ELISA, especiaily if high IL-6R levels are present.

Exampie 55: Detection of anti-IL6R304 and anti-IL6R305 antibodies
A series of plasma samples taken at predose and at different days post administration of

ILBR304 or iLBR30S were screened for the presence of monkey artibodies (IgG isctype} capable of
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binding to the Nanobody or one or mare of its building blocks. Samples from- anfmals dosed with
IL6R304 were analyzed on plates coated with either ILBR304 (Figure 57}, ILBR300 {Figure 58) or ALBS
(Figure 59). Sampies from animails dosed with iLER305 were analyzed on plates which were coated
with either ILER305 {Figure 60}, {L6R300 (Figure 61) or ALBS [Figure 62).

A summary of the anti-drug antibody (ADA) appearance to fuli Nanobody (ILBR304 and
IL6R305) Is given in Table C-44. Lower or no response was observed to ILBR300 and Aib8. in
conclusion, after i.v. injection of ILBR304, ADA were detectable in all monkeys (except for Animal No.
16 in which no ADA determination could be determined due to high predose values}). Antibodies
appeared after 1 week post administration for the monkeys dosed at 0.4 mg/kg and aftar 2 weeks
post administration for the monkeys dosed at 2 mg/kg and 10 mg/kg. Highest ADA titers were
ohtained in animals No. 11 and 13 [both from the 0.4 mg/kg dose). After Lv. injection of ILBR305,
ADA were detectable in all monkeys (except for animal No. 23 in which no ADA was detected).
Antibodias appeared after 1 week post administration for the monkeys dosed at 0.4 wg/kg and after
2 weeks post administration for the monkeys dosed at 2 mg/kg and 10 mg/kg. Highest ADA titers
were obtained in animals No. 22 and 24 (both fram the 2 mg/kg dose} and in animals No. 25 and 26

{both from the 10 mg/ke dose).

Example 56: The effect of the Nanobodies on sit-6R ievels

S EXPECEEG based on publicly available data {Nishimoto et al,, 2008, Blood 212(10}: 3359640, ot

treatment with Ref [gG lead to an increase in plasma slL-6R, whereas treatment with vehicle did not
{Figure 63A). Similarly, the low dose of ILBR304 induced a rapid increase in siL-6R levels in ali three
monkeys (Figure 63B). In the IL6R305-treated animals plasma siL-6R also increased, but not as

pronounced as in the other treatment groups (Figure 83C).

Vil Efficacy of ILBR304

Example 57: The effect of the Nanohodies on siL-6R levels n the efficacy study
The total siL-6R levels in plasma (free, Nanobody-bound and IL-6-bound) were measured via
ELISA. As expected based on published data (Nishimoto et al, 2008, Blood 112{10): 3958-64),
treatment with Ref igG led to an increase in plasma slL-BR, whereas treatment with vehicle did not
{Figure 644). Similarly, all Nanobody-treated animals showed a rapid increase in siL-6R leveis, This
can be explained by a slower clearance of the Ref igG- or NB-siL-6R complex compared to free slL-6R.
The maximum siL-6R8 level and the duration of the effect were clearly dose dependent, Also,

the effect of the Nanobodies seems to be maore pronounced than for the Ref IgG {compare the 2
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mg/kg dose of the Nanohodies to Ref IgG in Figure 64). This can possibly be explained due to faster
Fo-mediated clearing of antibody immune complexes. Surprisingly however, the increase in siL-6R
and the duration of the effect were more pronounced for IL6R304 {Figure 644A) compared to ILGR305
(Figure 64B).

Example 58: The effect of the Nanobodies on 1L-6 levels in the efficacy study

The total IL-6 levels in plasma (free, sIL-6R-bound) were measured via the Gyrofab platform.
For this assay, a biotinylated rat anti-human IL-6 mAb was used to capture -6 and an Alexa-fabeled
mouse anti-human IL-6 mAh for detection. The assay measures both endogenous cynomolgus
monkey IL-6 and recombinant human IL-6 that is injected daity from days 1-8. Therefore, a distinction
needs to be made between the |L-6 that can be measured until day 1 {= only endogenous cyno IL-6)
and from days 2-29 (= administered human iL-6 + endogenous cyno 1L-6).

As can be cbserved in Figure 65, administration of ILBR304, IL6R305, Ref 1gG and 1o a minor
axtent placebo, led 10 a transient increase in IL-6 which peaked at Bh post administration. However,
this increase was markedly higher in the Nanobody-treated groups. The effect on IL-6 did not seem to
be specific for iL-6R targeting Nanobodies, since administration of an irrelevant Nanobody aiso fed to
a transient IL-6 response (Figure 850). The early increase in IL-6 can mast prabably be explained by
stress because of handling of the animals and potentially a further increase in [L-6 production by
minute amounts of endotoxins in the Nanobody preparations,

During the -6 treatment phase, biood was sampied before each daily injection of L-6. In the
ptacebo group, which received 1L-6 but not the Nanobodies or Ref 1gG, almaost no 11-6 was detected
[Figure 65C). This is in line with the short half life of human (-6 after SC injection {Tsigos, et al., 1997,
L Clin. Endocrinol. Metab. 82: 4167-70). However, in aif animals treated with 2-10 mg/kg Ref igG,
ILER304 or ILBR305, -6 was detected from days 2-B. This can he explainad by blocking of receptor-
mediated clearance of IL-G, thereby prolonging its half life (Nishimoto et al., 2008, Blood 112(10):
3959-64). Hence, circulating IL-6 could serve as a pharmacodynamic biomarker for neutralization of

IL-6R.

IX. Pharmacodynamics of ILER304

Example 59: Pharmacodynamic effacts after single dosing in Cynomeolgus monkey
Changes in sILGR plasma concentrations were also measured after single i.v. administration of
{L6R304 in healthy (i.e. non-stimuiated! cynomolgus monkeys. In this single dose PK/PD study, doses

ranged from 1-100 mg/kg. Blood sampling was performed for pharmacokinetic, immunogenicity and
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pharmacodynamic analysis. An ELISA-based assay was used 1o measure total sIL6R levels and a ligand

binding assay using the Gyrolab™

platform was used to measure free sIL6R levels, For the total sILER
assay, a non-neuiralizing anti-ILBR monocional antibody was used to capture slL6R {free + in
compiex) and a polyclonal biotinylated anti-iL6R tool in combination with streptavidin-HRP for
deiection. For the free sil6R assay, the bictinylated 20A11 building biock was used to capture the
free sILER and an Alexa-labeled non-neutralizing anti-IL6R monocional antibody far detection.

The results of the single dose PX/PD study confirmed the dose-dependent effect of ILBR304 on
{i) the maximal total siLBR concentrations {Figure 66A), (i} the duration of [increased totfal slLGR
(Figure 66A) and (i) the duration of the suppression of free sIL6R (Figure 668). In general, total and
free sIL6R concentrations returned to baseling levels after a given time (dependent on the dose,
longest elevation and suppression is seen with highest dose). Concentrations of free sILBR after
administration of a low dose of £ mg/kg iIL6R304 were decreased for approximately 8 days and then
increasad 10 concentrations above those of vehicle treated animals.

A good inverse correiation was obsaerved between total siLER levels, free siL6R levels (PD) and
IL6R304 concentrations confirming that siL6R can be used as a biomarker for the presence of active
drug. Figure b7 shows one example 1o elucidate the inferplay between the 3 parameters {the mid
dose group was selected as the return to basefine can be demonstrated in this group): administration

of IL6R304 lead to an incraase in total sILER concentrations and a stabilized drug-siL6R complex was

~formed: As 1L6R301-plasma concentrations decreased, concentrations-of 1otal-slAR-AlSo-deeraased-in s

parailel as most of the (otal SILER constituted of complexad receptor. This is confirmed by low free
siL6R concentrations which return to baseline levels upon elimination of IL6R304 from the
circutation. Low free sIL6R concentrations confirm that measured totat sILER is indeed inactive and

compiexed with IL6R304 (Figure 67).

Exampie 60: Description of Pharmacodynamic Effects via P/PD Modeling

The influence of IL6R304 administration on total sILGR levels can be explained by direct binding
of LBR304 to the receptor- the complex stays in circulation via the half-life extension molety of
IL6R304 (i.e. albumin binding). As the measurable changes in total sIL6R concentrations follow a
time-delayed kinetic, an indirect response model best describes the PK/PD relationship and was used
o describe the effect of Lv. administered IL5R304 on the accumulation of sIL6R- IL6R3D4 complex
ievels, The mode! describes a drug response that results from the inhibition of the efimination of
sIL6R when bound to IL6R304. In this indirect response model, the rate of change of total siLBR-

IL6R304 compiex (Response R} is described by:
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With K, the zero order synthesis rate; R, the total SIL6R; |y, the maximum inhibition; C, the ILBR304
plasma concentration; n, the dose-response shape factor; and Ky, the first order elimination rate
constant of sIL6R.

Al avallable Lv. total sIL6R datas from the single dose PK/PD study were fitted simultaneously o
the model {WinNeontin Professional Software Version 5.1, Pharsight Corporation, Mountain View
California, USA) using the pharmacokinetic function as described in Example 61 as input function for
the indirect response PK/PD model.

Figure 68 shows the individual observed and medel-predicted total sIL6R concentration-time
data in cynomolgus monkey after iv. administration of 1, 5, 10, 25 or 100 mg/kg. The estimated
pharmacodynamic parameters of HL6R304, in cynomolgus monkey, are listed in Table C-45. All
parameters weare estimated with a sufficient degree of precision as indicated by CV% values below
50 %.

All data after i.v. administration, from the single dose PK/PD study, were fitted simultaneously
1o an indirect response model describing the behavior of siLER, IL6R304 and the compiex of sILGR-
{LBR304.

The average hali-life of siLBR was estimated to be approximately 5.8 h (=In2/K,, with
Kou=Kin/Rol and an estimated production rate of 2,49 ng/mb/h. ILGR304 was able to almost
completely inhibit the eiimination of sIL6R via the primary pathway {i,.=97%). Therefore the
elimination rate changed to a new maximum decreased ko, which correlated with that of
cynomolgus monkey serum albumin. Subsequently a new baseline jevel of total siL6R was
established. With an estimated ICs, of 125 ng/mL or 4.48 nM, IL6R304 was shown to be a potent

inhibitor of the elimination of non-complexed siL6R in cynomoigus monkey,
X. Pharmacokinetics of IL6R304

Example 61: Pharmacokinetics in the Cynomolgus Monkey

This section summarizes data characterizing the pharmacokinetic behavior of i.v. administerad
ILBR304 in 1 cross-reactive species {cynomolgus monkey},

in healthy {non-induced) cynomolgus monkeys, the concentrations of IL6R304 were measured
using a gualified DELFIA (dissociation enhanced lanthanide fluoro-immunoassay} method. Total

active 1LER304 concentrations were measured by means of an iL6R dependent assay.
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I a single dose PK/PD study, 1L6R304 was administered to healthy male cynomolgus monkeys
as a single iv. bolus of 0, 1, 5, 10, 25 and 100 mg/ke. Biood samples for PK, ADA (anti-drug
antibodies) and PD analysis purposes were collected from all animals at predose and at selected time
points postdose. Samples were analysed for K, PD and ADA (see also Example 62).

A validated electrochemituminescent [ECL) bridging screening and confirmation assay was used
to detect anti-ILBR304 antibodies. Briefly, ILBR304 was used to capture and detect antl-drug
antibodies {ADAs) in an homogenous assay format using a MSD Sector Imager 2400,

For the PIC analysis, IL6R304 was captured via a biotinylated anti-Nanabody 100l {3E8biv-bio) on
streptavidin coated plates. After a complexation step with the target IL6R, an Europium-labeled mAb
against ILER was used to generate a fluorescence signal in enhancement solution.

The mean plasma concentration-time profiles of IL6R304 are displayed in Figure 53. A summary
of the key pharmacokinetic parameters of IL6R304, after a single i.v. bolus of 1, 5, 10, 25 ar 100
mg/kg, are provided in Table C-4&.

The pharmacokinetic profile, after i.v. administration, showed a triphasic decline. During the
first two post administraiion days, a distribution phase was ohserved followed by a slower dominant
phase and a faster terminal phase. The distribution phase can be further divided in a fast {shallow
compartment) and a slow distribution (deep compartment). Based on the elimination phase, iL6R304

is presumably cleared via two mechanisms, a linear non-saturable {non-specific elimination or Clygy.

~gerb-and--at-noninear--saturable  {target- mediated - or - specific-elimination..or. Clyg) - ClearanEe s

mechanism, The latter could be the result of the internalization of 1L6R304 bound to membrane
bound ILER and subsequent clearance of the [L6R304-miL&R complex.

As the clearance of 1L6R304 is a combination of saturable and non-saturable pathways, the
plasma kinetics in cynomoigus monkey showed a non-iinear behavior with a haif-life which is dose-
dependent and at a given dose level, also time-dependent.

When the Clgy, is saturated, and the overall CL is mainly determined by Cingnisr, the reported
half-life of IL6R304 in cynomolgus monkey ranged from 5.8 to 8.9 days and was similar to that
reported for cynomolgus monkey serum albumin {Nguyen et al., 2006, Protein Eng. Des. Sel. 10: 291},
This was in line with expectations and with the confirmed cross-reactivity of 1LBR304's albumin
hinding moiety tc cynomolgus monkey albumin.

Avarage exposures, after single dose administration, increased somewhat more than dose-
proportional between 1 and 5 mg/kg and 10 and 25 mg/kg and dose-proportional between 5 and 10
mg/kg. The result of the 100 meske dose group has to be taken with caution as only one animal was
included in this dose group. Overal, due to the iimited number of monkeys per dose group, the dose-

proportionality assessment was expioratory.
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The binding of IL6R304 to sILBR resulted in an increase of the measured total concentration of
sILGR, which comprised of siLGR and sILER-IL6R304 complex; this increase ts thought to be due to &
slower clearance of the complex compared to the sILGR alone.

Based on the available immunogenicity, PK and 2D data, it was concluded that emerging ADAs
likely have impacted the PK/PD profite of [LER304 in two animals from the highest dose group {animal
15 and 17). Both animals showed an unexpecied decrease in IL6R304 plasma levels concurrent 1o the
emergence of measurable ADA and with a reduced pharmacodynamic effect, Therefore, these
animals were not considered in the PK/PD analysis. Emerging ADAs in the other animals did not seem
to have an obvious effect on the PK/PD profiles, therefore these data were included in the analysis.

For one animal (animal 3) in the 1 mg/kg dose group, no target mediated clearance was
observed, although this was expacted for this low dose. For one animal (animal &} in the 5 mg/kg
dose group, target mediated clearance was still observed despite the higher dose and expected
saturation of this pathway. As the variability for endogenous ILBR concentrations between animals
can be high, the target mediated clearance can be subjected 10 a2 high inter-individuai variability.
Additionally, when the IL6R3D4 concentrations are close to the estimated KM value {hers: 0.718
ug/ml), a small change in the 1L6R304 concentration results in a large change in nonlinear clearance.
The combination of both can lead to a measurabie evidence of target or only non-target mediated
clearance in the lower dose groups which is reflected in a high varighility in terminal half-life values.
The PK parameters of the animals 3 and & were excluded from descriptive statistics as the biclpgic
variability excludes meaningful assessment of the precision of applied methods (Table C-46).

None of the animals from the placebo group were systematically exposed to ILBR304. All
predose samples of the 1L6R304 treated animals were below the lower limit of quantification {LLOQ).
Animals from the active treated groups, showed an increase in plasma concentrations of ILGR304
with an increase in dose level, The highest mean tota! exposure {AUC;y) was observed in the highest
dose group {100 mg/kg) and was 540612 ug.h/mL.

Mean dose-normalized AUC,values increased dose proportionally over the 5 to 20 mg/kg dose
range and somewhat more than dose proportional between 1 and 5 mg/kg and 10 and 25 mg/kg {1.3
and 1.4, respectively). The more than dose-proportional increase from 25 to 100 mg/kg has to be
taken with caution as only one animal was included in the highest dose group. Overall, due to the
limited number of monkeys per dose group, the dose-proportionélity assessment was exploratory.

Natably, data from the non-compartmental analysis indicated a difference in half-life at the 1
mg/kg dose level compared to higher dose levels tested. This is attributabie to the higher
contribution of saturatable target mediated clearance mechanisms as compared to higher doses

where non-saturable mechanisms prevail,
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Based an the slimination phase, ILSR304 is presumably cleared via two mechanisms, 8 linear
and a non-linear clearance mechanism. The linear clearance mechanism is likely related to the non-
saturable, and non-IL6R mediated removal of L6R304 and corresponds 1o the slow and non-specific
proteolytic degradation of IL6R304. The non-linear and |LG6R-mediated clearance process is a
saturable clearance mechanism; most probably reprasenting binding of ILBR304 tc membrane bound
IL6R and subsequent internalization and clearance.

The non-linear pharmacokinetic behavior of LER304 in the cynomolgus monkey was captured
by fitting the data to an open three-compartmental pharmacokinetic model with linear and a ron-
linear ciearance from the central compartment. The structural model is depicted in Figure 70.

All avaitable individual v, plasma concentration data from 2 single dose PK/PD study were
fitted simultaneousty to the model {(WinNonlin Professianal Software Version 5.1 (Pharsight
Corporation, Mountain View California, USA) using iterative re-weighting {1/¢*y), where ¢ is the
predicted plasma concentration. Figure 71 displays the individual observed and model-predicted
plasma concentration-time plots of {LBR304 in cynomoigus monkey after i.v. adminisiration of 1, 5,
10, 25 or 100 mg/ke. The estimated pharmacokinetic parameters of iL6R304 are listed in Table £-47.

All data from single dose PK/PD study, were fitted simualtaneously to an open thrae-
compartmental model with linear {Clysyag) and non-linear (Clyg) clearance from the central

compartment. At low ILBR304 concentrations [C<<<K,} the contribution of the tL6R-mediated

-.clearance. {Clyg}-is-predominant. and. equals Ve /Ka. At high {L6RI04. concentrations. (Ca»=Kp), dhe .

WLER-mediated clearance pathway becomes saturated and will proceed at the maximum mass
turnover {i.e. Vn.,). Consequently, the overall clearance (CL) k& dominated by the linear, non-iLGR
mediated pathway {Clyon.wer)

The non-iinear IL6R mediated component in the clearance explains both the time- and dose-

dependency in the half-life of ILBR304 in cynomolgus maonkey.



TABLES

Tahle A-1: Preferred combinations of COR sequences

Nanobody |SEQ | FRL SEQ |CDR1 |SEQ | FRZ SEQ | CDR2 SeQ | FR3 SEq | cDR3 SEQ | FR& | SEQ

1 ID D I 10 D 1w (1D

PMPTFa 60 | EVOLVESGGGLVOPGGSL |74 | VNVMA |81 | WYROAPGKG |83 | GIINGGSTTYAD |90 | RFTISRDNAKNTLYLOM |92 | VITNSDYD |95 |WGQGT |96
RLSCAASGTTFK RELVA SVKG NSLRPEDTAVYYCAF LERDY LYTVSS

PMP7CA 61} EVOLVESGGGLVQPGGSL |75 [INVMA {81 | WYRQAPGKG |83 | GUFNGSTSYAD |85 | RFTISADNAKNTLYLQM |92 [VTTNSDYD (85 | WGQGT |96
- RLSCAASGTTFR RELVA SYKG NSLRPEDTAVYYCAF LGRDY LVTVSS

PMPYDE 62 | EVQLVESGGGLVOPGGSL |76 |VNVMA {81 | WYROAPGKG |83 | AVINGGITTYA |86 | RFTISRDNAKNTLYLOM |92 | VITNSDYD |95 |WGQGT |96
RLSCAASGSIFR RELVA DSVKG NSLRFEDTAVYYCAF LGROY LVTVSS

PMPTG7 53| EVOLVESGGGLVOPGGSL | 74 |INIMA {82 | WYRQAPGKG |83 | GWITGBNITYA |87 | RFTISRONAKNTLYLOM |92 | VITNSDYD |35 |WGQGT |96
RLSCAASGITFK RELVA DSVKG NSLRPEDTAVYYCAF LGROY LYTVSS

PMP7G3 64| EVOLVESGGGLVOPGESL |77 | INVMA (80 | WYRGAPGKG |83 | GVINDGSTTYA |88 [ RFTISRDNAKNTLYLOM |92 |WTTNSDYD |95 [WGQGT |96
RLSCAASGSTFR RELVA DSVKG NSLRPEDTAVYYCAF LGRDY LVTVSS

PIMP20EG 65 | EVOLVESGGGLVOPGESL |78 | INVMA {80 | WYROAPGKG |83 | GIVSGGSTSYA |89 | RFTISRDNAKNTLYLON |82 | FTTNSDYDL {94 { WGOGT |96
» | RLSCAASGSYFK RELVA DSVKG NSERPEDTAVYYCAF GRRY LVTVSS

PMPZDAL1l | 66| EVOLVESGGGLVOPGGSL |78 | INVMA (80 | WYRGAPGKG |83 | GIISGGSTSYAD |84 | RFTISRDNAKNTLYLOM |82 |JTEESDYDL |93 |WGQGT |96
RLSCAASGSVFK RELVA SVKG NSLRPEDTAVYYCAF GREY LVTVSS

PMPR0EIG | 67| EVOLVESGGGLVAPGGSL | 78 | INVMA 180 | WYRQAPGKG |83 | GIVSGGSTSYA |80 | RFTISRDNAKNTLYLQMN: |92 |FTTESDYDL 193 [wGQGT |96
RLSCAASGSYFK RELVA DSVKG NSLRPEDTAVYYCAF GRRY LYTVSS

PMPZLALD | 68 | EVOLVESGGGLVOPGGSL | 78 | INVMA |80 | WYRQAPGKG |83 | GIVIGGSISYA |91 | RFTISRONAKNTLYLQM |92 | ITTESDYDL |93 | WGQGT |96
RLSCAASGSIFK RELVA DSVKG NSLRPEDTAVYYCAF GRRY LVTVSS

PMP2ID1T | 69 | EVOLVESGGGLYOPGGSL {78 |INVMA {80 | WYROAPGKG |83 | GIVIGGSTSYA |91 | RFTISRDNAKNTLYLQM (32 {ITEESDYDL ;93 |WGQGT [96
RLSCAASGSYVFK RELVA DSVKG NSLRPEDTAVYYCAF GRRY LVTVSS

£LT
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Table B-1: Amino acid sequences that make up the reference compounds

REFERENCE IGG HEAVY CHAIN, SEQ ID NG: 1
QVQLOESGPGLVRPSOTLELTCIVSGYSI T SDHAWSWVROEPGRGLEWIGYISYSGITTYRES LKSRY
TMLRDTSKNCFSLRLS3VTAADTAVYYCARSLARTTAMDYWGOGSLYTVSSASTEGPSVFPLAPSSKES
TSGETAALGCLVKDY FPEPVIVSWNSCGALT SGVHTFPAVLS SGLYSLISVVIVPSSELCTQTYICNY
NHKPSNTEVDERVEPKSCDKTHTCPPCPAPELLGGPSVELFPPRPKDTLMISRTPEVICYVVDVSHED
PEVKFNWYVDGVEVHENAKTK PREEQYNS TYRVYSVLTVLEQDWLENGKEYKCKVSNKALPAPTIERTIS
AKGOPREPQVYTLPRSRDELTENOVS LTCLYRGEFYPSDIAVEWE SNGOPERNYKTTPPVLDSDESFFL
YSKLITVDKSRUWOQGNVFSCSYMHEALHNEY TOKSLSLS PGK

REFERENCE IGG LIGHT CHAIN, SEQ ID NO: 2
DIOMTOSPSSLAASVGDRVTITCRASQDISSYLNWYQOQKPGRAPKLLIYYTSRLHSGVPSRES GGG
TR TRTISSLQPERTATYYCOOGNTLPYTFGQGTKVEIRKRTVAARSVITI FPPSDEQLESGTASVVYCLL
HNFYPREAKVOWKVDNALOSGNSOESVTEQDRSKDSTYSLSSTLTLSKADYEKHEVYACEVTHQGLS P
VTESFNRGEC

REFERENCE FAB HEAVY CHAIN, SEQ ID NO: 3

OVOLQESGPGLVRPSQTLILTCTVEGY SITSDHAWSWVROPPGRGLEWIGYISYSGITTYNPSLESRV
TMLRDTSKNQFSLRLSSVTARDTAVYYCARSLARTTAMDYWGQGELVTVISASTKGPSYFFLAPSSKS
TSGGETAALGCLVEDYFPEPYTVSWNSCALTSGVHT FPAVLOSSGLY SLESVVTVPESSLGTQTYICNY
NHEKPSENTEKVDEKVEPKSC

REFERENCE FRB LIGHT CHAIN, SEQ ID NO: 4
DIOMTQSPSSLSASVGDRVIITCRASODISSYLNWYQOKPGKAPKLLIYYTSRLHSGVPSRFSG8GSG
TOFTETISSLOPEDIATYYCQQGHNTLPYTFGOGTKVEIKRTVARPSVF I FPPSDEQLKSGTASVVCLY
NNFPYPREAKVOWKVDNALQSGNSQESVTEQDSKDS TYSLSSTLTLSKADYEKHKVYACEVTHQGL ISP
VIKSEFWNRGEC

Table B-2: Protein seguences of anti-[L-6R Nanobodies

PMP40HD, 3EQ ID NO: 5
EVQRILVESGGGLVQPGGESLRLSCAASGFSLDYYAIGWFRGAPGKEREGYV SCMDESSGTTETYYS
DSVEGRFTISRDDARNTVYLOMRSLKPEDTAVYYCAADGHLNWGORYVPCSOLSWRGHWNDYWG
QGTOVTVSS

PMP2EE11, SEQ ID NO: 6
EVQLVESGGGLVOAGGSLRLICAASGFTFDDYAIGWFRDAPGKEHREGVSCISEEDESTYYADS
VKGRFTISSDNAKNTVYLOMNSLEPEDTAVY YCARERDVPARSLCGSYYWYDYRGOGTQVIVSS

PMP32C8/IL6R0O4, SEQ ID mNO: 7
EVQLVESGGGLVOAGGELRLSCAASGFTEIDDYDIGHFROAPGKEREGVSGISSSDENTYYADS
VEKGRFTISSDNAKNTVYLOMNSLRPEDTAVYYCAAEPPDS SWYLDGSPEFFKYWGQGTOVIVES

PMP35H4/IL6R13, SEQ ID NO: &
EVQLVESGGGLVOPGGSLRLSCAASGPTFDDYGMEWVRDAPCRATEWVSAISWNGNNTYYTES
MEGREFTISRDNAENTVYLOMNS LKPEDTAVYYCVEGSTAIVEVPPTYPDEYDYWGQGETQVTVES

PMP3IZELCQ, SEQ ID NC: 9
EVQLVESGGGLVOPGESLRESCAASGFIFGSYDMSWVROAPGKGPENVSAINSGGGSTYYADS
VKGRFTISRDNAKNTLYLOMNSLKPEDTAVYYCATDWRYSDYDLPLPPPGDYWGOGTOVIVSS

PMP30CE1, SEQ ID NO: 10
EVOLVESGGGLVQAGGSLRLSCAASGRTFSSYDMGWYRQAPGKEREFVAVISRIGSSTYYADS
VEGRFTISRONAKNTIVYLOMNS LEPEDTAIYYCKARVVAGDY DYWGQGETQVTVSS

PMP35CL0, 3EQ ID NO: 1l :
EVOLVESGGGLVOAGGSLRLSCAASGRTIFSSYDMGWYRQAPCKEREFVAVIHWSSGSTYYADP
VEGRFTISRDNAKNTVYLQMNSLEPEDTATIYYCNAFLPGPEGFHEYWGOGTOVTVSE S

PMP34G9, SEQ ID NO: 12
EVQLVESGGGLVOAGGSLRLSCARSGRTS S5 YDMTWYRQY PEKEREF VAV SWSGGSTYYADS
VKGRITISRDNAKNTVYLOMNSLKPEDTAI YYCNAYTGGGDD YHGOGTOVTVS S
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PMP3124/IL6R0O3, SEQ ID NO: 13
EVQLVESGGGLVOAGGSLRLSCAASGS I FEVNAMGW YRQAPGKQRELVAGIISGGSTNYADS
VKGRLTISRDNAKNTVYLOMNSLEKPEDTAVYYCSFVTINSDYDLGRDYWGQGTQVTVSS

PMP3ZEZ, SEQ ID NO: 14
EVOLVESGGGLVOAGGSLRLECAASCGNITDDNTMGW TWNRQPPGKORELVAL TATDGSTNYA
DEVEGRFTISRDNAKNTVYLOMNSLKPEDTAVYYCNLFSLRLGRDYWGOGTOVIVSS

PMP32A3, SEQ ID NO: 15
EVOLVESGGELVOPEGSLRLECAASGFTLDYGAI GWFROAPGKEREGVSCISSSTGETYYAD
SVKGRFTISRDNGKNTVYLOMNSLKPEDTAVY YCARDKMWS PCLVARNEERLFEYDYWGOGTOVIVSS

PMP34412, SED ID NO: 16
EVQLVESGGGLYVOPGGSLRLESCVASGFPSLDYYVIGWFRQAPGKEREGVSCISSSDGSTYYAD
SVEGRFTISRDNAKNTVYLOMNSLEPEDTAVYYCARADLLRTPEFCVDSAPYDYRGEOGTOVIVSS

PMP28EL1l, SEQ ID NO: 17
EVOLVESGGGLVQPGGSLRLSCAASGFPLDYYAIGWERQAPGKEREGVICISSIDGSTYYAD
SVREGRFTISRDNAKNTVYLOMNSLEPEDTAVYYCALVHTTAQATGVPOREYEYEWWGOGCTOQVTVSS

PMP35F4, 3EQ ID WCO: 18
EVOLVESGGGLVOAGGSLRLSCARSGRTFESYDMGWYRQAPGKEREFVAT I TWNSSTYYADS
VEGRFTISRONARNTVYLOMNSLRKPEDTATI YYCNAQYGLGYABDYWGOGTOVIVIS

Table B-3: Protein sequentces of multivalent anti-1L-6R Nanohodies

ILBR22, 8EQ ID WG: 18

EYOQLVESGGGLVQAGGSLRLSCAASGRTES SYDMGWYRQAPGEEREFVAVISREGSSTYYAD
SVEGRETISRDNAKNTVYLOMNSLEKPEDTAIYYCRKAEVVAGDYDYWGOGTAQVIVISEGGGGEG
GGSAVOLVESGEGLVOPGNSLRLSCAASGEFTERSFGMSWVROAPGHKEPEWVSS13G3GSDTL
YADSVEGRFTISRDONAKTTLYLOMNSLEPEDTAVYYCTIGGSLERESOGTOVTVSES

ILEGRZ3, SEQ ID NO: 20

EVQLVESGGGLVOAGGSLRLSCAASGS IFKVNAMGWYRQAPGEQRELVAGIISGGSTNYADS
VEGRLTISRDNAKNTVYLOMNSLKPEDTAVYYCSEVITNSDYDLGRDYWEQGTOVIVSSGEGE
GSGEGSAVQLVESGGGLVOPGNSLRLICAARSGFTFRSFGMSWYROAPCGKEPEWVSIT3GSGES
DTLYADIVEGRFTISRDNAKTT LYLOMNELKPEDTAVYYCTIGGSLERISQGTOVIVSS

ILG6R24, SEQ ID NO: 21
EVQLVESGGGLVOAGGSLRLSCAASGFTFDDYDIGWFROAPGKEREGVSGISSSDGNTYYAD
SVKGRFTISSDNAKNTVYLOMNSLKPEDTAVYYCAABPPDSSWYLDGSPEFFREYWGQGTOVT

{ VSBGGEGESGGGSAVOLVESGGGLVOPGRSLRLSCAASGRT FREFGMSWVRQAPGREPEWVSS
ISGSGSDTLYADSVEGRFTISRDNAKTTLYLOMNSLEPEDTAVYYCTIGGSLSRISQGTIOVIVSS

IL&R25, SEQ ID NO: 2Z
EVQLVESGGGLVOPGGSLRLSCAASGFTFGSYDMSWVROAPGKGPEWVSAINSGGGSTYYAD
SVKGRETI SRDNAKNTLYLOMNSLEPEDTAVYYCATOWRYSDYDLPLEPP PEDYWEQGTQOVTV
SSGGLGSEGEIAVOLVESGGGLYVOPEN SLRLECAASGEFTFRSFGMSWVROAPGKEPEWVSSI
SGSGIDTLYADRSVEGRET ISRDNAKTTLYLOMNSLEKPEDTAVYYCTIGGESLERSSQGTQVIVES

TL6RZ26, SEQ ID NO: 23
EVQLVESGGGLVQAGGSLRLSCAASGN I FDDNTMGWTWNRQPPGEQRELVAIIATDGSTNYA
DSVEGRFTISRONAKNTVYLOMNSLKPEDTAVYYCNLFSLRLGRDYWGQGTOVTVESGEGEGS
GGGEAVQLVESGGGLVOPGNSLRLSCAASGFTFRSFGMSWVROAPGKEPEWVSSISGSGSDT
LYADSVEGRFTISRDNAKTTLYLOMNSLEPEDTAVYYCTIGGSLSRSSOGTRVIVSES

ILER28, SEQ ID NO: 24
EVOLVESGGGLVOPGGSLRLSCVASGFSLDYYVIGWFROAPGEEREGVSCISSSDGSTYYRD
SVKGRFTISRDNAKNTVYLOMNSLKPEDTAVYYCAADLLRTPEFCVDSAPYDYWCQGTOVTV
ESGEGEEGEESAVOLVESGGGLVQPGNSLRLECAASGFTFRIFGMEWVROAPGKEPEWVS ST
SGESESDTLYADSVKGRFTISRDNAKTTLY LOMNSLKPEDTAVYYCTIGGSLIRESQGTOVIV
83

TL6R28, SEQ ID NO: 25
EVQLVESGGGLVQAGGSLRLSCARSGRTISS YDMTWYROVPGKEREFVAVISWSGGSTYYAD
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SVKGRFTISRDNAKNTVYLOMNSLKPEDTAIYYCHRAYTGGGDDYWGRGTQVIVESGEGGESGE
GSAVOLVESGGGLYVOPGNSLRLSCAASCFTFRSFGMSWVROAPGKEPEWVSSISGSGEDTLY
ADSVKGRFTISRDNAKTTLYLOMNSLKPEDTAVYYCTIGGSLSRSSQGTOVIVSS

ILeR30, SEQ ID NC: 26
EVOLVESGGGLVQAGESLRLSCAASGRIFSSYDMGRYRQAPGKEREFVAVIHWSSGETYYAD
PVKGRETISRDNAKNTVYLOMNSLKPEDTAIYVYCNAFLPGPEGFRDYWGQGTQVTVESGGGE
SGGESAVOLVESGECLVOPCHSLRLSCAASGFTPRIFGMSWVROQAPCKEPEWVES T 5G3G3D
LYARDSVKGRFTISRONAKTTLYLOMNSLRPEDTAVYYCTIGGSLSRSSQCTOVTIVSS

ILG6R31, SEQ ID WO: 27
EVQLVESGGGLVOAGGSLRLSCAASGETFDDYALGWFRQAPGRKEHEGVSCISSSDESTYYAD
SVEGRETISIDNAKNIVYLOMNSLKPEDTAVYYCARERDVPARSLOGEYYWYDYRGOGTOVT
VESGEEESGEGEAVOLVESGEGLVOPGNSLRLSCAASGFTFRS FOGMSWVROAPGKEPEWVSS
ISGEGSDILYADSVEGRETISRDNAKTTLYLOMNSLEKPEDTAVYYCTIGGEILSRESQGTQVTVES

ILER2Z, SEQ ID NO: 28
EVOLYVESGGGLVOAGGSLRLESCAASGRTFSSYDMGWYROQAPGKEREFVAITTWNSSTYYADS
VEGRETISRDNAKNTVYLQMNSLKPEDTAIYYCNAQYCLEYAEDYHGOGTOVTIVSSGGEGSE
GGSAVOLVESGGGELVOPGHNS LRLSCAASGFTPREFPGMSWVROAPGREPEWVSSTSGSGEDTL
YADSVEGRETISRIDNAKTTLYLOMNSLEPEDTAVYYCTIGGSLIRESQETOVTVSS

ILGR33, SEQ ID NO: 29
EVQLVESGGGLVQPGESLRLSCAASGFTFDDYCMSWVROAPGRATEWVSATSWNGNNTYYTE
SMKGRFTISRDNAENTVYLOMNSLKPEDTAVYYCVKGETAIVGVPPTYPDEYDYWGQGTQVT
VEBGGGESGEESAVILVESGGGLVQPGNSLRLICAASGITFRIFGMSWVRQAPGKEPERVSS
ISGSGSPTLYADSVRKGRFTISRDNAKTTLYLOMNSLKPEOTAVYYCTIGESLERSSQGTQVIVSS

ILER34, SEQ ID NO: 30
EVQLVESGGGLVOPGESLRLACAASGFSLDYYATGWFROAPGKEREGVSCMDSSSGTTSTYY
SDSVEGRFTISRDDAKNTVYLOMNSLKPEDTAVYYCAADGHLNWGORYVPUSQI SWRGWNDY
WOQE LV LY ESGEGESGEESAVOLYES GGG LV PORSLRLSCAASGFTFRSFGMSWVROAPG
KEPEHVSSISGSGSDILYADSVKGRFTISRDNAK T T LY LOMNSLEPEDTAVYYCTIGGELSR
S30GTOVIVES

LLER43, 8EQ ID NO: 31... L
EVQIVE?CCGLVQAGGSLRLSCAASGSIFKVNAMGWXRQAPuKQRWLVAG ISGGS‘I‘“\JVPDq
VEGRLTISRDNAKNTVYLOMNS LKPEDTAVY YUSEVEITNS DY DLGHOYWEQGETQVEIVISGGG

| GEGGGSAVOLVESGGGLYQPCNSLRLSCARSGFTFREFGMSWVROAPCKEPEWVSSTISGSGS

{ DTLYADSVKGRETISRDNAKTTLYLOMNSLKPEDTAVYYCTIGGSLER3Z3QGTQVIVIEEVY
LVESGGGLVQAGGSLRLSCAASGS ITEVNAMGW YRQAPGRORELVAGIISGGETNYADSVEG
RLTISRDNAKNTVYLOMNSLKPEDTAVYYCSFVTTINSDYDLGRDYWGQGTOVTVSS

ILG6R44, SEQ ID NQ: 32
EVOLVESGGGLVQAGGSLRLSCAASGETFDDYDIGWFROARPGKEREGVIGISSSDGNTYYAD
SVKGRFTISSDNAKNTVYLOMNSLKPEDTAVYYCAREPPDSSWYLDGSPEFFXYWGQGTQVT
VS SGGGESSGESAVQLVESGGELVOPGNSLRLSCAASGFTFRS FOMSHVROAPGKEPENVSS
ISGSGS DT LYADSVKGRFT ISRDNAKT TLY LOMNS LKPEDTAVY YCT T GG LERSSQGTQVT
V3SGGGESGGESEVOLVESGGGLVQAGGSLRLSCARSGFTFDDY DI GWFRQAPGKEREGYSG
ISS3DENTYYADSVKGRFTISSDNAKNTV YLOMNS LKPEDTAVY YCAAEPPDSSWYLDGS PR
FRKYWGQGTQVTVSS

IL6R49, SE¢ ID NO: 33
EVQLYVESGGGELVOAGGSLRLSCRASGRTSS SY DMTWYROVPGEEREFVAVI SWEGGSTYYAD
SVEGRFTISRDONAKNTVYLOMNSLKPEDTAIYYCNAY TGGGDDYWEQGTOQVTVSSGGEGEEGE
CSAVOLVESGGGELVOPGNSLRLSCAASGFTFRSFPGMEWVRQAPGREPEWVSSISGSGEDTLY
ADSVHGRFTISRDNAKTTLYLOMNSLKPEDTAVYYCTIGGSLSRSSQCETOVTIVSSGGHEGS5GG
GSEVOLVESGGGLVQAGGSLRLSCARSGRTSSSYDMTWYROVPGREREFVAVISWSGESTYY
BDSVEGRFITI SRDNAKNTVYLOMNSLEPEDTAIYYCHNAYTGGGRDLDYWGQCTOVTVES

IL6R53, SEQ ID WO: 34

“VQTVESGCGIVOPGGSERI TCAASGPTFDDYGMSWYROAPGRATEWVSAT SWNGNNTYYTE
SMEGRFTISRDNAKNTVYLOMNSLKPELTAVYYCVEGSTAIVGYPPTYPDEYDYWGQETQVT

DSSuGCuSuGuSAVQuVESGGGLVQPGVSLRTSCAA&CFTTRSrCMSWVRQAPCKEPEWV
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ISGSGSDTLYADSVEGRFTISRDNAKTTL Y LOMNSLEPEDTAVYYCTIGGSLSRSSQGTOVT ]
VE3GGEGESCEESEVOLVEIGEELVQPGGSLRLSCAASGFTFDDY GMSWVROAPGRATEWVEA
ISWNGHNTYYTESMEGRFTI SRDNAKNTVYLOMNSLKPEDTAVYYCVKGSTAIVGVEPPTYED
EYDYWGOGTQVTVSS

Tahle B-4: Protein sequences of sequence optimized Nanobodies

ILEREL, SEQ ID NO: 40
EVOLVESGGGLVOPGGSLRLSCAASGSIFRVNAMGHWYRQAPGKGRELVAGTIISGGSTHYADS
VEGRLTISRDNAKNTVYLOMNSLRPEDTAVYYCSEVITNSDY DLORDYWGQGTLVTVES

ILGREZ, SEQ ID NO: 41
RVOLVESGGGLVQPGGSLRLSCARSGSIPRVNAMGWYRQAPGKGRELVAGIISGCSTNYADS
VKGRFTISRDNAKNTVYLOMNSLRPEDTAVYYCEFVTTNEDYDLGRDYWGHGTLVTVSS

TL6R63, SEC ID NO: 42
EVOLVESGGOLVQPGGSLRLACAASGST FKVNAMGWYRQAPGKGRELVAGT ISGGSTNYADS
VKGRLTISRDHAKNTLY LOMNSLRPEDTAVY YCS FVTTNS DY DLGRDYRGOGTLVTVSS

ILORG4, SEQ ID NO: 43
EVQLVESGGGLVOPGESLERLSCAASGS I FRVNAMGWYRQAPGKGRELVAGI ISGGSTNYADS
VKGRLTISRDNAKNTVYLOMNSLRPEDTAVYYCAFVTTNSDYDLGRDYWGQGTLVIVSS

TLG6R6S5, SEQ ID NO: 44
EVOLVESGGGLVOPGGESLRLSCARSGES I FRVNAMGH YROAPGKGRELVAGLISGGSTNYADS
VEGRFTISRONAKNTLYLOMNSLRPEDTAVY YCAFVTTNS DY DLERDYWGOGTLVTVSS

IL6RY1, SEQ ID NO: 45
EVQLVESGGGLVQPGGSLRLESCAASGPTFDDY DI GWFRQAPGEGREGVIGISSSDGNTYYAD
SVKGRETISSDNARNTVYLOMNSLRPEDTAVYYCAAEPPRSSWYLDGSPEFFKYWGQGTLVIVES

ILG6RTVZ, SEQ ID NO: 46
EVQLVESGGEGLVOPGEESLRLECAASGFTFEDYDIGWIFRQARPGKGREGVEGIBESSDGNTYYAD
SVRGRFTISSDNARNTVYLOMNSLRPEDTAVYYCAREPPDSSWY LDGSPEFFRYWGQCTLVTIVES

ILG6R73, 3EQ ID NO: 47
LVQLVESGGELVOPGCSLRLSCAASGFTFDDYDIGWFROAPGRGREGVSGISSSDENTYYAD
SVKGRETISRDNARNTVYLOMNSLRPEDTAVYYCAAEPPDSSWYLDGSPEFFRKYWGQGTLVIVSS

TLER74, BEQ ID NO: 48
EVQLVESGGELVOPGESLRLSCAASGEFTFDDYDIGWFROAPGKGREGVSGIZESDENT Y YA
SVKGRFTISSDNAKNTLYLOMNSLRPEDTAVYYCAAEPPDSSWYLDCEPRFFEYWGOGTLVTIVES

ILGR75, SEQ ID NO: 49
EVOLVESGGGLVQPGGELRLSCAASGEFTFSDY DEGWFROAPCKGREGVSGISSSDGHTYYAD
SVEGRFTISRDNAEKRTLYLOMNSLEPEDTAVYYCAREPEFDNSSWYLDGSPEFFKYWGOGTLYTVSE

TT6RE1, SEQ 1D NO: 50
EVOLVESGGGLVOPGGSLRLSCARSGFTFDDYGMSWYRQAPGRATEWVSAL SWNGNNT YYTE
SMKGRFTI SRDNAKNTVYLOMNSLRPEDTAVY YCVKGS TATVGYVPETYPDEYDYWGOGTLVIVES

ILGORBZ, SEQ ID NO: 51
EVOLVESGGOLVOPGGSLRLSCAASGFTEDDYGMSWVROAPGKGLEWVSAI SWNGNNTYYTE
SMEGRFTISRDNAKNTVYLOMNSLRPEDTAVYYCVKGSTAIVGVPPTYRPDEYDYWGQGTLVIVES

ILERB3, SEQ IB NG: 52
f EVQLVESGGGLVOPGGSLRLECAASGFTFDDYGMSWVRQAPGRATEWVSAT SWNGNNTYYTE
{ QUEGRETISRDNAKNTLYLOMNSLRPEDTAVYYCVKGETRAIVGVPPTYPDEYDYWGQETLVTVS

TLERB4, SEQ ID NO: =53
EVQLVESGGELVQPGEGES LRLSCAASGFTFDDYGCMSWYROAPGEKGLEWVSAISWNGRNNTYYTE
SMEGRITISRDNARNTLYLOMNSLREEDTAVYYCVEGSTAIVGVPPTYPDEYDYWGQGTLYVTVSS

IL6R85, SEQ ID NO: 54
EVQLVESGGLLVQPGGS LRLSCAASGFTFDDYGMSWVRQAPGRGLEWVSAISWNGNNTYYTE
SMEGRFTISRDNARKNTLYLOMNSLRPEDTAVYYCVEGSTAIVGVEPPTYPDEYDYWGQGTLVTVSS

IL6REE, SEQ IR NO: 5%
EVOLVESGGELVOPGGSLRLSCAASGFTFDDYGMSWVROAPGRALEWVSAT SWHENNTYYTE
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SMEGRFTISRDNAKNTLYLOMNSLRPEDTAVYYCVKGSTAIVGVPPTYPDEYDYWGOGTLVIVES

ILGRB7, SEQ ID NC: 56
EVQLVESGGGLVQPGGESLRLSCAASGFTFDDYGMSWVROAPGEATEWVSAT SWNGHNTYYTE
SMEGRETISRDNAKNT LY LOMNSLRPEDTAVYYCVEGSTATIVGVPPTYPDEYDYWGOGTLYTVSS

TL6RB8, SEQ 1D NO: 57
EVQLVESGGGLVOPGGSLRLSCAASGFT FDDYGMSHVROAPGKGTEWVSAL SHNGNNT Y YTE
SMKGRETISRDNAKNTLYLOMNS LRPEDTAVYYCVKGSTAIVGY P BT YPDEYDYWGOGTLYTVS S

TL6RES, SEQ ID NO: 58
EVOLVESGGGLVOPGGSLRLECAASGFTFDDYCGMEWVROAPGRGTEWVSAISWNGHNTYYTE
SMEGRFTISRDNARNTLYLOMNSLRPEDTAVYYCVREGSTATVEVEPTYPDEYDYWEOGTLVTVSES

TLeR20, SEQ ID NO: 58
EVOLVESGGGLVQPGGS LRLSCAASGEFTFLDDYGMSWVROAPCKALEWVSAISWNCGNNTYYTE
SMEGRFTISRDNAKNTLYLOMNS LRPEDTAVYYCVKGSTAIVGEVPPTYPDEYDYWEQGTLVTVES

Table B-5: Proiein sequences of affinity matured Nanobodies

PMPT7F4, SEQ ID NG: &0
BVOLVESGGGLVQPGGSLRLICAASGTTFRVNVMAWYROAPGKGRELVAGT INGESTTYADS
VEGRETISRDNAKNTLYLOMNSLRPEDTAVYYCAFVETNSDYDLGRDYWGOQGTLVIVSS

PMPIC4, SEQ ID NO: 61
EVOLVESGGCLVQPGGSLRLSCAASCTTFRINVMAWYRQAPGKGRELVAGIITNGSTSYADS
VRGRFTISRDNAKNTLYLOMNSLRPEDTAVYYCAFVTINSDYDLGRDYWGQGTLVTVIS

PMPTDE, SEQ ID NO: 42
EVOLVESGGGLVOPGGSLRLSCAASGS IFRVNVMAWYRQAPGKGRELVAAVINGGTTTYADS
VRGRETISERDMARNTLYTOMNSLRPEDTAVYYCAFVTTNSDYDLGRDYWGOGETLVTVSS

DMP7G7, SEQ LD NO: 63
EVQLVESGGELYOPGESLRLSCAASGTT FKIWIMAW YROAPGKGRELVAGY T TGGNTTYADS
VKGRFTTSRONAKNTTL.YLQMNS T RPRDTAVYYCAFVTTNEDYDLGRDYWEQGTLYTVSS

BMPT7GE, SEQ ID NO: 64
EVOLVESCCCLYVOPCCELRLECANSCSTPRINVMAWYROARCREGRELVACVINDGETTYADS
VRGRETISRINAXNTLYLOMNSLRPEDTAVY YCAFVTTNSDYDLGRDYWGQGTLVTVES

PMPZ0OF6, SEQ ID NO: 63
EVQLVESGGGLVOPGES LRLSCAASGSVFKINVMAWYRQAPGKGRELVAGIVSGGSTEYADS
VEGRFTISRDNAXNTLYLOMNSLRPEDTAVYYCAFITTNSDYDLGRRYWGQGTLVTVES

PMP20A1Y, ILSR300, SEQ ID NO: %6
BVOLVESGGELVOPGGSLRLSCARSGSVEKINVMAWYROAPGKGRELVAGI I 3GGSTSYADS
VEGRFPTISRDNAKNTLYLOMNSLRPEDTAVYYCAFTTTESDYDLGRRYWGQGTLVIVSES

PMPZOELIQ, SEQ ID NO: 67
EVQLVESGGELYQPGGESLRLICAASCGIVEEINVMAWYRQAPCGRGRELVAGIVSGGES

TEYADS
VEGREFTISRDMNAKNTLYLOMNSLRPEDTAVYYCAFITTESDYDLGERYWGQGTLVEVSE

PMP21A10, SEQ ID NO: 68
EVOLVESGGELVOPGGELRLSCAASGS IFKINVMAWYRQAPGKGRELVAGIVTGGESTIYADS
VEGRFTISRONAKNTLYLOMNELRPEDTAVYYCAFITTESDYDLGRRYWGOGTLVEVSS

PMPZIDLY, SBEQ ID NO: 62
EVQLVESGGCLVOPCGSLRLSCALSGSVIREINVMAWYRQAPGEGRELVAGIVTGGETSYADS
VEGRFIISRDNAKNTLYLOMNSLRPEDTAVYYCAFITTESDY DLGRRYWGOQGTLVTVES

Table B-6: Protein sequences of formatted affinity matured/sequence optimized Nanobodies

ILERICA, GSEO 10 NQ: 70
BVOLVESGGELVOPGESLRLSCAASGSVFEINVMAWYROAPGRGRELVAGI I SGGSTSYAD
SVKGRPTISEDNAKNTLYLOMNSLRPEDTAVY YCAFITTES DY DLGRRYWGQGTLVTVSSG




WO 2010/115998 PCT/EP2010/054764
179

GGG3GGGSEVOLVESGGGLVPENSLRLSCAASGFTFSSFOMSWVROAPGKGLEWVSSISG
SCEDTLYADSVEGRFTISRONAKTT LY LOMNSLRPEDTAVYYCTIGGELERISQETLVIVES

IL6R3205, SEQ ID NO: 71
EVQLVESGGGLVQPGGSLRLSCARSGSVFRKINVMAW YROAPGEGRELVAGIISGGITIYAD
SVEGRFTISRDNAENTLYLOMNSLRPEDTAVYYCAFITTESDYDLGRRYWGOGTLVIVESG
GGGSGELSEVOLVESGEGEIVOPGGS LRLSCARSGSVIKINVMAWYRQAPGKGRELYAGIIS
GSTSYADSVKGRETISRDNAKNTLYLOMNSLRPELTAVYYCAFITTESDYDLGRRYWGQG
TLVTVSSGEGESCEESEVOLVESGGGLVYPGNELRLECAASGFT PSS FCMESWVROAPGKGL
EWVSSISGSESDTILYADSVKGRFTISRDNAKTTLYLOMNSLRPEDTAVYYCTIGGSLIRES
QGTLVTVES

IL6R30E, SEQ ID NO: 72

EVOLVESGGGLVOPGGSLRLSCAASGSVEKINVMAKR YROAPGKGRELVAGIISGGSTSYAD
SVEKGRFTISRDNAKNTLYLCMNSLRPEDTAVYYCAFITTESDYDLGRRYWGOGTLVIVSES
GGESGGESEVOLVESGGGLVOPGNSLRLSCAASGFT PSS FCMSWVRQAPGRGLEWVSS 188G
SGSDTLYADSVREGRFTISRDNAKTTLYLOMNSLRPEDTAVYYCTIGGSLIRISQGTLVIVS
SGGEEIGGESEVILVESGGCLVRPGESLRLSCAASGSVFKIRVMAWYROAPGKGRELVAGT
ISGGSTEYADSVKGRFTI SRDNAKNTLYLOMNSLRPEDTAVYYCAFITTESDY DLGRRYWG
QECTLVTVSS

IL&R202, SEQ ID NO: 73

| BVOLVESGGELVOPGGS LRLSCARSGFTFSDYDIGWFROAPGKGREGVSGISSSDGNTYYA
DEVREGRITISRDNAKNTLYLOMNSLRPEDTAVYYCAAEPPDSSWYLDGESPEFFKYWGQGTL
VIVSSGGGGEGEGSEVRLVESGGGLVQPGNSLRLSCAASGFTFSSFGMAWVROAPGKGLEW
VGSISGESGEDTLYADSVEGRFTISRDNAKT TLYLOMNSLRPEDTAVYYCTIGEELSRSE0SE
TLVTVSS

Table B-7: Preferred, but non-limiting examples of albumin-binding Nanohodies

ALE-1, SEQ ID NO: 27
AVOLVESGGGLVQPENSLRLSCARSGFTFREFGMIWVROAPGKEPEWVSSISGSGSDTLYADSVK
GRFTISRDNAKTTLYLOMNSLEPEDTAVYYCTIGGSLIRESQGTQVTVES

ALB~-8 (humanizsd ALB-1), SEC 1D NO: SE
EVOLVESGGGLVOPENSLRLSCAASGFTFSSPGMSWVROAPGKGLEWVS B3I 8GEGEDTLYALDSVE
GRETISRDNAKTTLYLOMNSLRPEDTAVYYCTIGGSLSRSSQGETLVTVSS

LB-Z, SEQ ID NO: 99
AVQLVESGGLLVQGGESLRLACARSERIFRLNLMGWYRCGPGNERELVATCITVGDSTNYADS VY
CRFTISMDYTKOTVYLHMNSLRPEDTGLYYCKIRRTWHSELWGQGTQVTIVSS

Table B-8: Sequence lisfing of linkers

G330, SEQ ID NO: 102 i
GEGGIGEGEEGEGESGEEESGEEGE3GGGES

G515, SEQ ID NO: 102

GGEESCEGESGEEES
GS9, SEQ ID NO: 103
GGGGEGGES

G857, BEQ ID NO: 104
SGGBEGS

Llama upper long hinge rsglcen, SEQ ID NO: 105
EPKTPKPQPALR
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Tabie C-1: Materials used for the isolation of IL-6R binding Nanobodies

[ Supplier Description
Human iL-6 Diaclone Recombinant nrotein preduced in . colf
Human bio-iL-6 Diaclone/PE Human k-6 from Diaclone bictinylated by PE (6
biotins/motacuie)
Huran scluble iL-6R Peprotech Recombinant protain produced in HEK293 cells {cat#
200-068) i
Human soluble 1t-68 R&D Systems Recombinant protein produced in 5721 cells (cat.# 227-
SR)
MAb BR-G Diaclone Neutralizing anti-IL-6R MAb
| MADb BN-12 Diaclone Non-neutralizing anti-IL-6R MAb
MAb M182 BD Biosciences Biotinylated anti-iL-68 MAb
Liama igG {h&}} Bethyl Labs PAb against lama IgG raised in goat
Antibody HRP
conjugatad
TF-1 cell line ECACC J Cell Physiol 1989;140:323; Exp Cell Res 1993:208:35
ne.93022307

Tabile €-2: Immunization schedule

Davy Liama 081 ! Llama og2 Tissue collection

8] 100 pg 100 png 10 ml pre-immune blood

7 100 g 100 ug -

14 50 ug 50 ug

28 50 ug 50 g 1} mil immune binod

35 50 pg 50 ug -

39 150 ml immune biood PBLL
lyraph node how biopsy

43 150 ml immune blood
PBL2

52 50 ug 50 pg

5o 100 mi immune bleod NC1

Table C-3; Characteristics of the Nanobody lHbraries obtained frem the immunized llamas

Library size % insert
Llama 81 Bx10" 87
Liama 82 5x107 78
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Table C-4: Conditions used for the selection of the Nangbodies
Methad tmmohbilization/ I Antigen Concentration/ Elution
capture amount
Magnetic Streptavidin bio-iL-BR 0,1, 10, 100 ng Trypsin
beads
Salution Streptavidin beads | bio-lL-6R 0,001,014, 1nM Trypsin
Plate BN-12 IL-6R (Peprotech) | Q, 1, 10, 100 nM Trypsin
Plate BN-12 IL-6R (R&D) 0, 1, 10, 160 nM Trypsin
Table £-5: Screening statistics
Assay Number of Number of Numbet of clones RNumber of unigue
clones screened | inhibitors {%%) seqguenced sequences
IL-6-1L-BR 1536 72 {A4.7%) 46 14
Table C-6: kg-values of inhibitory Nancbodies
10
Nanobaody 10 Nanobody 1D kg {5} 1 Nanobody ID Nanobody P kst (5™
PMPAOHS [L6R14 1,14E-04 PMP34G9 iL6ROS 1.38E-03
PMP35ELL [L6RI1 A4,17E-04 PMPI1A4 IL6RO3 1,60E-03
PMP32L9 ILERO4 1,50E-04 PMP32E2 IL6ROG 8,86E-04
PMPIASH4 ILBR13 1,78E-04 PMP33A3 IL6RO7Y 2,82E-04
PMP32E10 ILOROS 1,27E-03 PMP34A12 iLBROS ND
PMP30CL1 ILOR0Z 2,94E-03 PMP28ELL ILBRO1 ND
BMP35CI0O ILBRIG 5,00E-04 | PMP35F4 WoR12 &.968-04
Tahie C-7: Yields of Nanobody cell cultures
Nanobody ID vyield {mg} vield {mg/) | Nanobody ID vieid (mg) vyield {mg/l)
PMPAOHS 0.14 0.6 PMP34GY p.0¢ 1.8
PMP35£11  0.65 2.6 PMP31A4 1.06 4.2
PMP32C9 0.33 6.5 PMPI2E2 157 6.3
BMP35H4 0.45 8.8 PMP33A3 0.33 1.3
PMP32E1L0 0.78 3.1 PMP34A12 057 2.3
PMP30C11 0.63 2.5 PMP2BELY 0.08 1.6
PMP35C10 0.53 2.1 PMP35F4 0.24 1.0
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Table C-8: IC50-values of selected Nanobodies

Nanobody ID Sample 150 (M)
1LBRO1 PMP2BELL 7.26E-10
LERO2 PMP30C11 1.68E-09
ILBROZ PMP31A4 7.16E-10
ILBRO4 PMP32CY 9.30E-11
ILBROS PMP32E10 6.26E-10
IL6ROG PMP32E2 1.21E-09
ILEROT PMP33A3 1.44E-09
ILGRO8 PMP34A12 1.18BE-09
ILEROS PMP34Go 2.38E-10
[L6R10 PMP35C10 5.96E-10
ILGRI1 PMP35E1L 1.58E-10
IL6R12 PMP35F4 5.17E-10
ILBR13 PMP35H4 4.77E-11
ILGR14 PMP4OHS 2.22E-10

PCT/EP2010/054764
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Table £-8: Kinetic parameters for a selected subset of 14 inhibitory anti-IL-6R Nanobodies

Nanobody iD | Nanobody ID | ku {s7) Ken{1/Ms) | K, {nivi)
IL6ROL PMP28E11 1.10E-04 | 2.62E+05 | 0.4

2.94E-03 | 8.40E+05 | 5.9
IL6RO2 PMP30C11 4 95503

147E-03 | 4.84E+05 | 3.0
IL6RO3 PMP31A4 1 BOE.02

9.428-05 | 3.65E+05 0.3
IL6RO4 PMVIP32C9 1 E0E-00

1.41E-03 | 1.44E+05 | 9.8
ILGROS PMP32E10Q 127503

. 8.86E-D4 | 1.076+06 | 7.1

ILBRO6 PMP32E2 7 7E-03
ILERO7 PMP33A3 2.42F-04 | ND ND
ILBRO8 PMP24A12 1.97E-03 | 1.94E+05 | 10.2

129803 | 6.41E+05 | 2.0
IL6R0Y PMP34GY 1.30E-03 | 1.11E+06 | 1.2

1.39E-03

5.26£-04 | 4.14E405 | 1.3
IL6R10 PMP35CI10 5 09E-04

3.40E-04 | 3.91E+05 | 0.9
IL6R11 PMP35E11 3.96£-04 | 2.158405 | 1.9

4,17E-04

1.166-03 | 6.78E+05 | 1.7
IL6R12 PMP35F4 2 96E-04

1.21E-04 | 2.31E+05 | 0.5
fL6R13 PMP35H4 1.098-D4 | 1.37E+05 [ 0.8

1.78E-04

1.006-04 | 4.02E+05 1 0.3
IL6R14 PMPACHS 114504




WO 2019/115998

184

Table C-10: IC50 values for Nanohody inhibition of XG-1 celi proiiferation

Nanobody iD IC50 (nM} IC50 {nii) + HSA

ILEROL ND

IL6ROZ 31.0

ILBRO3 16.2 17.5

ILGRC4 0 0.1
IL6ROS 7.3 '

IL6RO6 42.1

IL6RC7 50.5

IL6R0OB 36.6

HLGROS 2.7 3.0

tLoR1D 2.5

ILBR11 5.4

IL6R12 2.8

1L6R13 1.4 1.3

1L6R14 0.6 0.8

Reference Fab 6.0

Table C-11: 1€50 values for Nanobody inhibition of TF1 cell proliferation

Nanobody ID IC50 (i) |
IL6RO1 ND
ILERC2 34.7
ILBRO3 62.1

T
IL6ROS 38.0
IL6ROG 137.9
IL6RO7 374.9
ILBROS 24.3
IL6ROS 8.7
IL6R1D 9.9
ILGR1L 9.9
IL6R12 6.8
IL6R13 5.2
IL6R14 15

Reference Fab 5.2

PCT/EP2010/054764
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Table C-12: Competition with the reference Fab for binding 1L-6R as determined in an alphascreen

assay
Residual reference-Fab
Nanobody ID |\ ding to 1L-6R (%)
ILGROL 49
(LERO2 86
{ ILERO3 5
! ILGRO4 50
IL6RO5 64
"IL6RO6 36
ILEROT 80
ILEROB 99
{L6ROY 62
ILERLO 102
1ER11 | 40
IL6R12 103
IL6R13 25
ILER14 a6

Table C-13: Summary Nanocbody characteristics

io Ky (b1} 1C50 (nli) 1C50 {aMi) 1C50 {nM} Ref Fab competition
(1i-6/1L-6R)  XG-I TF-1 {%}
IL6ROL |04 0.73 NG ND 43
IL6RO2 5.5 1.69 31.0 94.7 86
ILGRO3Z {3.0 0.72 16.2 62.1 5
ILBRD4 | 0.3 0.08 0.1 0.4 50
ILBROS | 8.8 0.63 7.3 38.0 64
HLB6R0G 7.3 1.21 42.1 137.9 36
ILERO7 ND 1.44 505 3749 80
LEROB | 10.2 118 366 24.3 99
HHBRD9 | 2.0 0.24 2.7 8.7 62
iLGRIO | 1.3 0.60 2.5 9.9 102
IL&R11 |09 0.18 5.4 5.9 40
ILER12 1.7 0.52 2.8 6.8 103
ILBRL3 | 0.5 0.05 1.4 5.2 25
ILoR14 0.3 0.22 0.6 i5 96 -
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Table C-14: Nomenclature {ID) of formatted Nanobodies

1D farmat SEQID NO

ILER22 PMP30C11-0GS-ALBL o 19

ILBR23 PMP1A4-0GS-ALBL 20

IL6R24 PMP32C3-5GS-ALB1 21

1LER25 PMP32E10-9G5-ALBL 22

ILBRZ6 PMP32E2-9G5-ALB1 23

L6R28  PMP34A12-9G5-ALB1 24

ILER2S PMP34G9-9GS-ALB1 25

IL6R30 PMP35C10-5G5-ALB1 26

ILBR31 PMP35E11-9GS-ALB1 27

iL6RA2 PMP35F4-0G5-ALBY 28

IL6R33 PMP35H4-9GS-ALBL 29

ILER34 PMP40OH5-9GS-ALB1 30

IL6R43 PMP31A4-9GS-ALB1-9GS-3144 31

IL6RA4 PMP32(9-9G5-ALB1-9GS-32C8 32

iL6RAY PMP34G9-9GS-ALB1-9GS-34GY 33

IL6R53 PMP35H4-9G5-ALB1-9G5-35H4 34

Table C-15: Expression vields of bispecific anti-iL-6R Nanobodies

Nanobody D yield-  yield Nanobody o Yield yield

ID {mg)  {mg/l} D {mg) {mg/l)

PMP30CI1  ILBR2Z 1.3 472 PMP34GS IL6R29 3.3 13.2

PMP31A4 IL6R23 0.3 0.6 PMIP35CI0  ILBR30 0.9 3.7

PMP32C9 IL6R24 0.5 2.0 PMiP3SELL ILBR31 1.8 7.3

PMP32E10  ILGR25 1.3 5.0 PMP35F4 ILBR3Z 0.5 1.1

PMIP32E2 [L6R26 1.1 4.2 PMP35H4 ILBR33 1.9 7.5

PMP34A12  ILBR28 2.1 8.4 PMP4AOH5 [LGR34 0.4 0.9
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Table C-16: IC50 vaiues of bivalent Nanobodies in alphascreen competition assay

Nanchody iD | IC50 {M]}
ILGR22 5.59E-10
ILBR24 1.45E-10
IL6RZS 6.43E-10
ILER26 1.67E-09
ILBR28 3.26£-10
ILBR2S 1.23E-16
IL6R30 3.43E-10
IL6R31 1.31E-20
JL6R32 2.68E-20
I1L6R33 1.39£-10
{L6R34 31.46E-10
reference-Fab | 5.92E-10

Table C-17:1C50 values of formatted Nanobodies in the XG-1 proliferation assay

1D €50 {(nM) | IC50 (nM) + HSA
ILBRZ2 | 50.2

ILBR23 | 16.9 90.4
IL6R24 | 0.2 0.5
ILGR2ZS § B.4

ILBR26 | 65.3

IL6R28 | 4.4

ILER22 | 3.6 13.4
iLBR30 | 27.2

IL6R31 | 4.6

IL6R32 | 1.6

iL6R33 | 2.6 15.4
IL6R34 | 0.8 2.5
HeR44 | 0.O7 0.17
IL6R4AS | 0.06 0.19
fL6R53 | 0.13 0.61
Ref-igG 0.47
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Table C-18: Kinetic parameters of IL-6R binding

| Nanobody 1D | ke (s™) | k,{1/Ms) | K4 (a1}

L ILBR22 5.76-03 | 3.3E+05 | 16.8
iLER23 1.5E-D3 | 3.2E+05 | A6
LeR24 1.1E-04 | 2.7E+05 | D.3
fLGR25 1.2E-03 | 1.2F+05 § 10.3
ILER2B 6.9t-03 | 45E+05 {155
HLERZB 5.3E-04 | 248405 | 2.2
|L6R2Y 1.56-03 | 7.1E+05 | 2.1
IL6R30 1.2E-03 | 1.6E+05 | 7.5
{LE6R31 3.8E-04 | 1.65+05 2.3
[LER32 1.3E-03 | 1.0E+06 ;1.3
IL6R33 1.25E-04 | 1.1E+05 | 1.1
16R34 1.1E-04 | 2.6F+05 |04

PCT/EP2010/034764

Table €-19: K, values of formatted Nanobodies for binding to serum albumin from different spacies

0 Hurnan Mouse Cyno Rhesus Baboon
KofoM] | Kofnid] Ko (oM | Kafnb] | Ky (o)

ILER22 11.1 108

ILBR23 16 275 276 23.8 23,2

ILBR24 15 122 28.3 28.3 40.3

IL6R25 13.9 122

L6R26E 9.4 73

IL6R28 10.6 180

ILER29 10.8 83 19 20.6 26.8 7

11 6R30 12.1 113

iL6R31 13.4 86.8

iL6R32 10 179

IL6R33 37.3 98.6 24.5 246 22.3

| ILBR34 .2 111 15 14,7 18.9

IL6RA4 51.4 993 43

IL6RS3 35 497

ALB-1 0.6 6.5
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Table C-20: Kinetic parameters of sequence optimized variants of IL6R03, 04 and 13

[LER6Z KD {nh) 2
ka (1/Ms) 8.50E+05
kd (1/s) 1.70E-03
IL6R62 KD [nM} 2.2
ka {1/Ms) g.25E+D5
IL6RO3 kd {1/5) 2.07e-03
(3.0 nivt) ILERG3 KD {nM) 3.7 10
ka (1/Ms) 9.90E+05 '
kd (1/s) 3.65E-03
ILERES KD {nM) ND
ka (1/Ms) ND
kd {1/s) 1.008-G3
IL6R71 KB [nM) 0.2
ka {1/Ms} 7.03E+405
kd {1/s) 1.53E-04
IL6R72 KD {nM) 0.3
ka {1/Ms} 5.43E405 20
ILERO4G kd (1/s) 1.80E-04
(0.3 Vi) IL6RT3 KD (nivt) 0.3
ka {1/Ms) 6.98E+05
kd (1/5) 2.33E-04
1L6R74 KD {nM) 0.2
ka {1/Ms) 7.67E+05
kd {1/s) 1.22E-04
IL&RB1 KD (nM) 0.4
ka'{1/ds) 3.20E+05 30
kd {1/s) 1.28E-02
L6RS2 KD (nM) 5.1
ka {1/Ms) 6.19E+05
IL6R13 ket {1/5) 3.14E-03
{0.7 nVI} (L6R83 KD (aM) 0.3
ka (1/Ms) 3.50E+05
kd (1/5) 1.Z0E-04
IL6R84 KD (niva) 5.4
ka (1/Ms) 7.62E+05
id (1/s) 4.09E-03 A6
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Tahble C-21: k. values of sequence optimized variants of IL6R13

iD 5]
ILeR13 2,1E-04
ILGR85 2,1E-C3
ILBREB6 1,7E-03
ILGR87 1,1E-04
ILBRER 2,604
ILERES 1,98-04
iL6RO0 1,98-03

Table C-2Z: Kinetic parameters of sequence optimized variants of IL6R03, 04 and 13

190

ILERO3 lLaRa&5 KD (nM) 4

{3.0 nM) ka (1/Ms} &,00E+05
kd {1/5) 2,35E-03

ILEROA [{6R75 KD (ni) 01

{0.3 nivi) ka (1/Ms) 1,00E+06

; kd (1/5} 1£-04

IL6R13 ILERBE KD {nd} 0,9

(0.7 nM) ka (1/Ms) 2,30E+05
kd {1/s} 2,13E-04

Table C-23: 1C50 values of sequence optimized and WY Nanobodies in XG-1 assay

iC50 values {(nM)

Parental ' Sequence optimized
HLBRO3 17 ILGRGS 26
tLoRO4 0.1 ILGR75 0.04
iL6R13 1.4 iLORE8 3.3

Table C-24; Kinetic parameters of Nanobody binding to cyno [L-6R

PCT/EP2010/054764

D ke {1/Ms) | kg (1/5) Kp {ni)
HL6RO3 3 70E+05 | 1.64E-03 4.4
IL6RES 1.65E+05 | 1.57E-03 12
IL6RO4 : 5.86E+04 | 1.00E-02 171
[L6R201* 2.18£+05 1 6,11E-03 2B.1

¥IL6R201 is the tagless version of ILBR7S
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Table €-25: Tm values of ILRG5 and affinity matured [L-6R Nanobodies

PCT/EP2010/054764

ILBRES

PMP7F4 76,68 76,55 76,58 76,44
21A10 74,56 74,22 74,39 74,39
20E10 75,29 75,22 75,31 75,38
26A11 74,42 74,03 74,12 74,19
21011 74,03 74,29 74,45 74,25
20F5 74,36 74,29 74,45 74,32

Tahie C-26: Kinetic parameters for affinity of ILBR65 and affinity matured variants

Nanobody |k (M s ) |k is) | K, (M)
ILGRB5 1.0£+06 3.8E-03 | 3800
20E10 1.OE+06* 33605 | 33
21D11 1.0E+06* 38605 | 35
21410 1.0E+06* 126-05 |12
20F6 1.08+06% 3.38-05 33
20A11 1.0E+06 1.8E-05 |19
*estimated

Tabia C-27: Formats of affinlty matured anti-IL6R Nanobodies

Format Seguence optimized Nanohbody Name
anti-fL6R £ 20A11 - 5G5 — ALBE ILER304
amiHSA
niti-1L6R % ant-HSA 20A11— 9GS — 20A11 — 9GS — ALBS ILER305
anti-IL6R
% mtiILER 20A11 - 9GS — ALB8 — BG5S - 20A11 ILER306
anti-[H5A
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Takle C-28: Potency of formatted Nanohodies vs. references in TF-1 proliferation assay at 100

/mil IL-6

Compound IC50 {ni) Stdev (nM)} Repeats
20A11 0.283 0.256 3
IL6R304 0715 0.350 2
IL6GR305 0.098 0.046 4
IL6R30G6 G341 0,162 3
referance Fab 6.262 0.706 2
referance 1gG 0.921 | 0.275 4

Tabie C-29: Potency of formatted Nanobodies in TF-1 proliferation assay at 5000 [U/mLil-6

Compound 1080 {nvi)
ZOAT1 15.22
IL6R304 15,48
IL6R305 5,49
ILGR306 23.18
Refarence 1gG 144.5

Table C-30: 1€50 values {n1) of formatted Nanobodies for neutralization of 1L-6 binding to $11-6R In

human plasma

Compound IC50 at normal 1-6 IC50 at high 1L-6 Ratio [high/low)
reference igG 0,258 L.69 6.54
L6R2Z0A11 0.198 0.356 1.80
IL6R304 0.22% 0.634 2.77
ILGR3CS 0.137 0,335 2.44
IL6R306 0.412 2.39 | 5.80

Table C-31: EC50 values {nM) for binding of the formatted affinity matured Nanobedies to CHO 4D5

{4pL)
Compound EC50 {nM}
ILBR20AL1 1.396
H6R304 1.83%
[L6R305 0.8984
IL6R306 6.154
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Table C-32: EC50 values [nivi) for binding of the formatted affinity matured Nanobodies to PBL

from 2 donors

Compound L1 L2 M1 M2 61 G2
ILER20AL1 3.65 2.924 3.621 4.777 2.415 5.614
ILER304 9273 20.68 8.241 14.17 5.985 17.32
ILER305 4.282 25.79 2.506 4.262 2.434 4.927
ILER306 60 49.59 | 49.38 59.34 53.95 | 77.68

L: lymphaocytes, M manocytes; G: granulocytes

Table C-33: Kinetic parameters for binding of formatted affinity matured Nanobodies to human
and cyno serum albumin

Nanobody Human serum atbumin Cyno serum albumin
ke (M757) ko (s7) Ko(nM) | ke (M | ke (57 Ko (i)
AlB11 5.45E+05 1.68E-03 3.08 5.11E+05 1.53E-06 2499
{LE6R304 2.15E+05 4,75E-03 22.1 1.95E+05 4,56E-03 23.4
M}}G?BGS 2.01E+05 4.07E-03 20.3 2.03E+05 3.87E-03 191
IL6R3D6 2_25E4+05 3.83E-03 17.1 2.12E+05 3.70E-03 i7.4

Table C-34: Kinetic parameters for binding of the formatted affinity matured Nanobodies to human

and cyno IL-6R

Nanobody | Human IL-6R Cyne IL-6R |
ke (M7s7) ke {s”) Ko {pM]) Ky (M52 T kg (s7) Ke (pMI)

IL6R300 1E+06 ND ND 1E+06 ND ND

IL6R304 7E+05 < 1E-D5 * <14 8E+05 | 2E-05 25

*Detection limit of the instrument

Table C-35; Comparison of 1C50 values {nM] for neutralization of binding of hil-6 to plasma sIL-6R
in cyno and human plasma

Tast items IC50 in human IC54 in cyho Ratio (human/cyno)
referance fgG 0.258 0.166 1.55
IL6R20A11 0.128 0.117 1.69
iLER334 0.225 0.137 1.67
ILER305 0.137 0.0791 1.73
[LER30S 0.412 0.321 1.29
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Table C-36: Dose groups for in vive PK/PD analysis of IL6R204 and ILBR305
i . INanobodydose Jil-bidose ['Nandsexof | o

Group 7 Testitem | (mgfkgbw, 1) [uglegbaw.cc) | animals ‘| Reference no.

6 0.4 2m,1f 11,12, 13

7 ILGR304 2 im, 27 14,15, 16

8 10 g ug[kg. Im,1f 17,18

9 0.4 once daily for 7)1 q{m, 2f 19,20, 21

10 IL6R30S |2 days, starting 24 57T 22,23, 24

hours post
12 Negative o administration am,1f 27,28, 29
control
13 ‘Pasitive 5 mg/kg reference 1em, 2§ 30,31, 32
canirof igG
Tabie C-37: Sampling times for PK analysis
1 Group Sampling times per animal Number of
samples
- Day O: pre injection of Nanobody, and 5 min, 30
min, 3 h, and 8 h post Nanobody injection
G -
PupsO-13 1 Days1,2,3,4,5,6,7 : pre injection of IL-6 352
- Days g, 14,21 and 29

Table C-38; Basic PK parameters of IL6R304 after a single i.v. bolus administration at 0.4 mg/kg in

cynomolgus monkey

IL6R304: IV 0.4 mg/ke

Parameter Unit 11m 12m 13f Mean Qv %%
Vss ml/kg 45,1 44,6 38.8 42.8 8
(%R mb/day/ke 124.8 28.2 21.5 24.8 14
WIRT tay 1.831 1.58 1.80 1.73 8
a2 Azl day 192 1.54 1.72 1,73 11
Azl Lower |day 1 1 1 1.00 O
Azl Upper | day 4 4 5 4.33 13
Rty Azl 0.998 0.997 0.999  {0.998 10
2 AZ2 day 0.566 0.504 0.521 0.530

Az2 Lower | day g ‘4 5 4,67 12
hz2 Upper | day 7 ‘5 7 6.67 9
R? ty, Az2 0.967 1.00 0.938  [0.968 I3
AUClast  ;day*ug/mL|16.0 4.1 18.6 16.2 14
AllCexirap | % 0.372 0.365 0.325 0.354 7
AUCinf day*ug/ml | 16.1 14.2 18.6 16.3 14
AUCInF/D | day*kg/ml | 0.040 0.036 0.047 0.041 14
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Table C-38: Basic PK parameters of 116R304 after a single i.v. bolus administration at 2 mgfkg in
eynomolgus monkey. The terminal parameters for soma of the animals were calculated with two
data-points only (R? is 1 by default)

ILER304: IV 2 mg/ke
Parameter Unit 14m 15f 16f Wean V%
Vss mt/kg 56.0 55.9 48.3 53.7 7
CL mifday/kg 19.99 1.0 i0.1 10.4 &
MRT day 8.60 5.06 4.86 5.17 7
ty0 h21 day 5.78 4.34 4.87 5.00 15
Azd Lower |day 2 2 2 2 0
Azl Upper | day 14 14 14 14 0
R% typp Azl 0.954 0.975 0.991 0988 |1
t,; Az2 day 1.51 1.52 1.30 1.44 9
Az2 Lower |day i4 14 14 14 0
Az2 Upper | day 21 21 11 21 ¢
Rty A22 1.00 1.00 1.00 1.00 0
tiyz Az3 day 5,61 595 - 5.78 4
Az3 Lower | day 21 21 - 21 0
Az3 Upper | day 29 128 - 29 0
R* ty; Az3 1.00 1.00 1.00 1.00 0
AlClast  |day*pg/mL | 20D i81 187 192 5
AUCextrap | % 0.285 0.247 0.090 0.211 51
AUCinf day*ue/ml | 200 181 157 193 5

i AUCInf/D | day*kg/mL {0,100 0.001 0.099 0.096 5
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Table C-40: Basic PK parameters of IL6R304 after a single i.v. bolus administration at 10 mg/kg in
cynomolgus monkey

IL6R304; IV 10 ma/ke

Parameter Unit 17m 18f Mean CV %
Vss mL/kg 76.5 |88.8 82.7 10
CL mL/day/kg 17.66 10.35 9.00 21
MRT day 10.0 3.57 9.29 11
tyz Azl day 7.15 6.08 661 11
Azl Lower | day 1 1 1 0
Azl Upper | day 29 29 29 0
R? 1y Az2 0.990 0.990 0990 {0
AUCtast | day*pg/ml | 1230 932 1081 19
AlUCextrap | % 5.79 3.50 4.64 a5
AUCInf day*pg/mL | 1306 966 1136 21
AUCINE/D | day*kg/mL | 0,131 0.0%7 0.114 21

Table C-41: Basic PK parameters of IL6R305 after a single i.v. bolus administration at 0.4 mg/kg In
cynomaolgus monkey. The terminal parameters for some of the animals were calculated with two
data-points only (R* is 1 by default)

IL6R305: IV 0.4 mg/kg

Parameter Unit 19m 20f 21f iViean V%
Vss  |ml/ke 59.2 725 63.9 65.2 10
CL mb/day/kg {33.5 38.0 35.0 35.8 ]
MRT day 1.77 191 177|182 4
112 AZ1 day 1.79 1.25 1.89 1.64 21
Azl Lower jday 1 1 1 1 8
Azl Upper | day 5 5 4 4,67 12
R? &3 Azl 0.997 0.981 0.997 0992 |1
ty2 Az day 0.446 - 0.495 0.476 7
Az2 Lower | day 15 - 5 5 0
Az2 Upper | day & - 6 6 0
B tys A22 1.00 - 1.00 1.00 o]
AUClast | day*ug/ml | 11.84 9.84 11.02  [108 09
AlCextrap | % 0.765 £.58 0.855 273 132
AUCInf day*pg/mb | 11.9 10.5 11.1 11.2 6
AUCInE/D | day*kg/mL | 0.030 0.026 0.028 0.028 8
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Table C-42: Basic PK parameters of ILGR305 after a singie i.v. bolus administration at 2 mgfkg in
cynamalgus monkey. The terminal parameters for same of the animals were calculated with two
data-points only (R*is 1 by default)

IBR305: IV 2 mg/kg

Parameter Unit 22m 23m 2af Wiean vV %
Vss ml/kg 27.5 28.0 1304 28.6 5

CL ml/day/kg 15.81 5.30 6.58 5.93 12
MRT day 473 5.28 4.55 485 |8 U
iz Azl day 4.26 4.56 4.04 4.29 b

Azl Lower | day 2 2 2 2 0

Azl Upper | day i4 14 14 14 0
Rty Azl 0.085 0.954 0.986 0.975 Z

typ hz2 day 1.33 2.34 116 1.61 aj

Az2 Lower | day 14 14 14 14 0

Az2 Upper | day 21 21 21 21 0
Rty h22 1 1 1 1 G 20
AUClast | day*ug/mlL | 344 374 293 339 11
AUCexirap| % 0.089 0791 0.041 .207 137
AUCInf day*ug/mtL | 344 377 299 34D 11
AUCInf/D ;day*kg/mlL 10,172 0.189 0.150 ¢.170 11
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Tahle C-43: Basic PK parameters of ILGR30S after a single L.v. bolus administration at 10 mg/kg in
cynemoigus monkey. The terminai parameters for some of the animals were caleulated with two
data-points only (R% s 1 by default}

ILBR305: IV 10 me/kg

Parameter Unit 25m 2pf Mean CV %
Vss ml/kg 38.3 59,2 48.7 30

cL ml/day/kg |6.91 8.60 7.76 15
MRT day 554 5.88 6.21 15 10
(ty2Az1 i day 5.63 5.10 7.37 33

hzl Lower | day 2 2 2 0

hz1 Upper | day 14 i4 14 0

R 1y, Azl 0.941 0.968 0.955 |2
f,Az2 | day 1.26 1.16 1.21 5

hz2 Lower | day 21 21 21 0]

Az2 Upper | day 28 29 29 8]
Rty Az2 1.00 1.00 100 jo 2
AUClast | day*pg/ml | 1447 1162 1305 15
AUlextrap | % 0.008 0.009 0.008 11
AUCIn day*pg/mi | 1447 1162 1305 15
AUCIn/D | day*kg/mL 0.145 0.116 0.130 15

Tabie C-44: Sumraary of the anti-1L6R304 and anti-IL6R305 antibody appearance to full Nanobody

ILBR3D4 [ Cyno ADA positive™® ILeR305 | Cyno ADA positive*
0,4 Iim > 7 days 0,4 18m > 7 days
12m > 7 days 20f > 7 doys
mg/kg mg/kg
13f > 7 days 21f > 7 days
i4m > 7 days 22m > 14 days
p
2 mg/ke 15f > 14 dc.'ysj - 2 mg/ke 23m No ADA detected
16¢ No results due o 24f > 14 days
high predose values
10 17m > 14 deays 10 25m > 14 days
mg/kg [ 18f > 14 dovs mglky | 26¢ » 14 days

* > 7 days: TD 7 Negative, 2TD 14 Positive; » 14 days: TD 14 Negative, 2TD 21 Positive
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Table C-45: Pharmacodynamic parameters of ILBR304 in the cynomolgus mankey

Parameter Estimate pARY
Kin {ng/mlL/h) 2.40 7.37
Re {ng/mb} 214 5.23
lrnax (%6} 0.970 0.34
ICso (pg/mL} G.146 15.8
1Cso{NM) 5.23

n 1.43 153 10




Tabie C-46: Summary of mean {* SD) key PK-parameters of {L6R304 in the cynomolgus monkey after a single Lv. bolus at 1, 5, 10, 25 or 100 myg/kg

Parameter Unit 1 mg/kg 5 mgfkg 10 mg/kg 25 mg/kg

n Mean sp r Mean sD n Mean sD n Mean SD
Co ug/mi 3 26.2 38 3 108.7 24.0 3 196.5 30.8 3 562.3 66.4
AUC; pg-h/mi, 2 2015 180 2* 12338 768 2 25883 440 3 89526 28466
Lz d 218 0.00 2" 501 0.76 2 6.37 0.18 3 6.24 .76
cL mL/h/kg T 850 0.04 b pal 0.02 2 039 0.01 3 030 0.11
7 mi/kg 1465 3.0 b 673 18.5 2 823 1.7 3 726 18.1
DN AUCy peh/ml 2° 2015 2 2468 . 2 2598 - 3 3581 -
Parameter Linit 100 mg/lkg

n Mean sD
Ca pg/mb 1 2840.5 -
AUC, ¢ pg.h/ml i3 540612 -
tin d 1 89
CL ml/d/kg 1 018
Vz mifkg 1 576
DN AUC pgh/ml 1 5406

DN: Dose-narmalized to 1 mg/kg

3 Arimal 3 excluded from descriptive statistics as ne target mediated clearance was observed: 115+ 4.3 days
 anirnal 6 excluded from descriptive statistics as target mediated clearance was observed: ty,, = 2.2 days

00z

8G6STL/0T0T OM

VOLPSO/0TOTdA/LDd
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Tabie C-47: Pharmacokinetic parameters of IL6R304 in cynomolgus monkey.

Parameter Estimate %OV
V, (mL/kg) 45.6 5.23
V4 (ml/kg) 148 152
¥, (mikg) 249 16.1
Viss (mL/kg) 833

CLnow-wer (nL/bke) 0.237 3.3%10
CLg (mL/D/kg} 0.0475 29.9
CL, (mU/Mh/kg) 2.86 40.4
Ve {118707kE) 1971 11.2
Ky (ug/mi) 0.714 304
CLyier {mmi/hkg) 2.76
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CLAIMS

1.

Amino acid sequence that binds to IL-6R which consists of 4 framework regions {FR1 to FR4,

respectively) and 3 complementarity determining regions (CDR1 to CDR3, respectively), in

which:

- CDR1is chosen from the group consisting of:

a} SEQID NO: 80; or

b} a stretch of amino acid residues that has no more than 2, preferably no more than 1
amino acid difference with one of SEQ ID NO: 80, provided that the amino acid sequence
comprising said stretch of amino acid residues binds IL-6R with about the same or a
higher affinity compared to the amino acid sequence comprising said stretch of amino
acid residues without the 2 or 1 amino acid difference, said affinity as measured by
surface plasmon resonance;

and

- CDR2 is chosen from the group consisting of:

c) SEQID NQO: 84; or

d) a stretch of amino acid residues that has no more than 2, preferably no more than 1
amino acid difference with one of SEQ ID NO: 84, provided that the amino acid sequence
comprising said stretch of amino acid residues binds IL-6R with about the same or a
higher affinity compared o the amino acid sequence comprising said stretch of amino
acid residues without the 2 or 1 amino acid difference, said affinity as measured by
surface plasmon resonance;

and

- CDR3is chosen from the group consisting of:

e) SEQID NO:93;or

f}) astretch of amino acid residues that has no more than 2, preferably no more than 1
amino acid difference with one of SEQ ID NO: 93, provided that the amino acid sequence
comprising said stretch of amino acid residues binds IL-6R with about the same or a

higher affinity compared to the amino acid sequence comprising said stretch of amino
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acid residues without the 1 or 2 amino acid difference, said affinity as measured by

surface plasmon resonance.

Amino acid sequence according to claim 1, which comprises SEQ ID NO: 80, SEQ D NO: 84
and SEQ ID NO: 93.

Amino acid sequence according to any of claims 1 or 2 selected from the group consisting

of:

a) SEQID NO: 66;

b) a sequence that has no more than 2, preferably no more than 1 amino acid difference in
one, two or all of its CDRs with SEQ ID NO: 66, provided that the amino acid sequence
with no more than 2, preferably no more than 1 amino acid difference in one, two or all
of its CDRs binds iL-6R with about the same or a higher affinity compared to the binding
by the one of SEQ ID NO: 66, said affinity as measured by surface plasmon resonance;

c) asequence that has no more than 2, preferably no more than 1 amino acid difference
with one of SEQ D NO: 66, provided that the amino acid sequence with no more than 2,
preferably no more than 1 amino acid difference with one of SEQ ID NO: 66 hinds IL-6R
with about the same or a higher affinity compared to the binding by the one of SEQ ID

NO: 66, said affinity as measured by surface plasmon resonance.

Compound or construct, that comprises or essentially consists of one or more amino acid
sequences according to any of claims 1 to 3, and optionally further comprises one or more

other groups, residues, moieties or binding units, optionally linked via one or more linkers.

Compound or construct according to claim 4, in which said one or more other groups,
residues, moieties or binding units provide the compound or construct with increased half-
life and in which said one or more other groups, residues, moieties or binding units are
chosen from the group consisting of domain antibodies, amino acid sequences that are

suitable for use as a domain antibody, single domain antibodies, amino acid sequences that
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are suitable for use as a single domain antibody, "dAb™s, amino acid sequences that are
suitable for use as a dAb, or Nanobodies that can bind to serum albumin {such as human

serum albumin) or a serum immunoglobulin (such as 1gG).

Compound or construct according to any of claims 4 or 5, selected from the following

polypeptide sequences:

a) SEQID NQ's 70-72;

b} a polypeptide sequence that has no more than 2, preferably no more than 1 amino acid
difference in one, two or all of its CDRs of the invention with one of SEQ ID NO’s: 70-72,
provided that the polypeptide sequence with no more than 2, preferably no more than 1
amino acid difference in one, two or all of its CDRs of the invention binds IL-6R with
about the same or a higher affinity compared to the binding by the one of SEQ ID NO's:
70-72, said affinity as measured by surface plasmon resonance;

¢} a polypeptide sequence that has no more than 2, preferably no more than 1 amino acid
difference with one of SEQ, 1D NO’s: 70-72, provided that the amino acid sequence with
no more than 2, preferably no more than 1 amino acid difference with one of SEQ ID
NQ’s: 70-72 binds IL-6R with about the same or a higher affinity compared to the binding
by the one of SEQ ID NQO's: 70-72, said affinity as measured by surface plasmon

resonance.

Compound or construct according to any of claims 4 fo 6, that has or essentially consists of

the amino acid sequence of SEQ ID NO: 70 or the amino acid sequence of SEQ ID NO: 71.

Compound or construct according to any of claims 4 to 7, that specifically binds to hiL-6R
with a dissociation constant (Kp) of 1 nM to 1 pM moles/litre, preferably 500 pM to 1 pM
moles/litre, more preferably 100 pM to 1 pM moles/litre, or even more preferably 50 pM to
1pM.
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Monovalent construct, comprising or essentially consisting of one amino acid sequence

according to any of claims 1 to 3.

Method for the preparation of a multivalent compound or construct according to any of
claims 4 to 7, comprising the linking of an amino acid sequence according to any of claims 1
to 3 or a monovalent construct according to claim 9 to one or more groups, residues,

moieties or binding units.

Nucleic acid or nucleotide sequence, that encodes an amino acid sequence according to any
of claims 1 to 3, a compound or construct according to any of claims 4 to 8 that is such that
it can be obtained by expression of a nucleic acid or nucleotide sequence encoding the
same, or a monovalent construct according to claim 9, said nucleic acid optionally in the

form of a genetic construct.

Host or host cell that expresses, or that under suitable circumstances is capable of
expressing, an amino acid sequence according to any of claims 1 to 3, a compound or
construct according to any of claims 4 to 8 that is such that it can be obtained by expression
of a nucleic acid or nucleotide sequence encoding the same, or a monovalent construct
according to claim 9; and/or that comprises a nucleic acid or nucleotide sequence or a

genetic construct according to claim 11.

Method for producing an amino acid sequence according to any of claims 1to 3, a

compound or construct according to any of claims 4 to 8 that is such that it can be obtained

by expression of a nucleic acid or nucleotide sequence encoding the same, or a monovalent

construct according to claims 9, said method at least comprising the steps of:

a) expressing, in a suitable host cell or host organism or in another suitable expression
system, a nucleic acid or nucleotide sequence or a genetic construct according to claim
13;

or
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cultivating and/or maintaining a host or host cell according to claim 12 under conditions
that are such that said host or host cell expresses and/or produces at least one amino
acid sequence according to any of claims 1 to 3, compound or construct according to any
of claims 4 to 8 that is such that it can be obtained by expression of a nucleic acid or
nucleotide sequence encoding the same, or a monovalent construct according to claim
S,

optionally followed by:

b} isolating and/or purifying the amino acid sequence according to any of claims 1 to 3, the
compound or construct according to any of claims 4 to 8 that is such that it can be
obtained by expression of a nucleic acid or nucleotide sequence encoding the same, or

the monovalent construct accarding to claim 9 thus obtained.

Composition, such as a pharmaceutical composition, comprising at least one amino acid
sequence according to any of claims 1 to 3, compound or construct according to any of

claims 4 to 8, monovalent construct according to claim 9, or nucleic acid or nuclectide

sequence according to claims 11.

An amino acid according to any of claims 1 to 3, a compound or construct according to any
of claim 4 to 8, or a monovalent construct according to claim 9, for use in the prevention
and/or treatment of at least one of the diseases and disorders associated with IL-6, with IL-
6R, with the IL-6/IL-6R complex and/or with the signalling pathways and/or the biological
functions and responses in which IL-6, IL-6R and/or the IL-6/IL-6R complex are involved; and
or for use in the diseases and disorders chosen from the group consisting of sepsis, various
forms of cancer, bone resorption, osteoporosis, cachexia, psoriasis, mesangial proliferative

glomerulonephritis, Kaposi’s sarcoma, AIDS-related lymphoma, and inflammatory diseases.
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