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ANTI-IL-17RA IMMUNOGLOBULIN SINGLE HEAVY VARIABLE DOMAIN
ANTIBODIES

Field of the Invention

The invention relates to IL-17RA binding molecules, and the use of such binding

molecule in the treatment of disease.

Introduction

Psoriasis is a chronic relapsing and remitting inflammatory skin disease affecting 2-3%
of the world’s population (~125m sufferers) that causes significant morbidity and
decreased quality of life, largely due to clinical flare-ups and disfiguring lesions in
visible areas of the skin, systemic manifestations and drug-related side effects. The
common form of the disease, termed ‘plaque psoriasis vulgaris’, is observed in more
than 80% of patients and is characterized by erythematous scaly plaques (typically on
elbows, knees, scalp and buttocks) which can vary in size from minimal to the

involvement of the entire skin surface.

Depending on the degree of body surface area (BSA) involvement, psoriasis can be
categorised into mild (<3% BSA involvement), moderate (3-10% BSA) and severe
(>10% BSA) disease. Topical agents such as corticosteroids, vitamin D derivatives,
coal tar and topical retinoids are the cornerstone of the initial management of psoriasis
and are an important part of the treatment ladder applied to patients across the
spectrum of disease severity. Patients diagnosed with mild-to-moderate disease are
typically prescribed topical agents as monotherapy. Patients with severe disease are
typically prescribed topical agents as an adjunct to phototherapy or systemic (small
molecule) therapies such as methotrexate, cyclosporine or oral retinoids etc. The
treatment regime for moderate-to-severe psoriasis also includes antibody-based

therapies.

In recent years the importance of the Th17 pathway has become well validated in
psoriasis and several monoclonal antibodies (mAbs) targeting components of this
pathway (including IL17RA) have shown the significant importance of modulating this
pathway and influencing psoriasis. IL-17RA is one of a family of related receptors
(named IL-17RA, to IL-17RE) which multimerise to form signalling complexes. Each

receptor complex exhibits differential binding to one of a range of related ligands (IL-
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17A, IL-17B, IL-17C, IL-17D, IL-17E or IL-17F). In their active form, all of the ligands
are covalent homodimers (except IL-17A and IL-17F which are also known to
heterodimerise). It is thought that IL-17A, IL-17F and IL-17A/IL-17F all signal through
the same receptor subunits, IL-17RA and IL-17RC, which together form a heteromeric
complex. Nonetheless, IL-17A and IL-17F have distinct biological effects. Studies
comparing //17a” mice with //17f" mice indicate that IL-17A plays a central role in
driving autoimmunity (in particular the pathology associated with psoriasis) and that it
does so through primarily through signaling via IL-17RA. The role of IL-17A/F
heterodimers is still to be fully elucidated. While psoriasis may have a systemic
component in some patients, the disease is primarily one of the skin. IL-17 secreted by
Th17 cells acts on epidermal keratinocytes, via IL-17R complexes present on these
cells, to initiate a feedback loop of keratinocyte hyper-proliferation and on-going
inflammation, thereby generating the psoriatic plaque. It is believed that the primary
element of pathological activity is locally in the skin, and therefore inhibition of the IL-
17/IL-17R interaction is the best validated target for topical therapy. This is in contrast
to other validated Th17 targets, such as |L-23, where a significant phase of activity is in

regional lymph nodes.

Current treatments for psoriasis include topical agents such as corticosteroids, vitamin
D derivatives, coal tar and topical retinoids, these are the cornerstones of the initial
management of psoriasis (Nast et al., Arch Dermatol Res (2007) 299:111-138) and,

depending on disease severity, are typically prescribed as monotherapy.

Patients with severe disease are typically prescribed topical agents as an adjunct to
phototherapy or systemic (small molecule) therapies such as methotrexate,
cyclosporine or oral retinoids (Nast et al., Arch Dermatol Res (2007) 299:111-138).
Phototherapy can be effective but is inconvenient and associated with a significant risk
of skin cancer. Small molecule systemic therapies are associated with increased
cardiovascular risk; renal dysfunction, leucopenia and thrombocytopenia. For example,
methotrexate may cause a neutropenia and liver damage and is contraindicated for
males and females of reproductive age without due precaution. Cyclosporine is a
potent immunosuppressant, which has potential adverse effects on the kidneys and
blood pressure. Acitretin is an oral retinoid that has a range of side effects, and is also
contraindicated for females of reproductive age without due precaution (Nast et al. Arch
Dermatol Res (2007) 299:111-138).
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The treatment regimen for moderate-to-severe psoriasis also includes antibody-based
therapies. Approved treatments include adalimumab (Humira®), a humanized
monoclonal antibody with activity against TNF-alpha(a), the TNF-a inhibitor etanercept
(Enbrel®), the TNF-a inhibitor infliximab (Remicade®) and most recently ustekinumab
(Stelara®), a human mAb that targets the common p40 subunit of IL12 and IL23,
thereby blocking the signalling of both cytokines.

Systemic biologics have transformed treatment of moderate-to-severe psoriasis but, as
with any immunosuppressive regimen, chronic use can have significant side-effects
such as increased risk of infections or malignancies. Thus, there is a need for new

highly effective and safe therapy options for both topical and systemic use.

Several other monoclonal antibodies agents in development have been shown to
markedly reduce disease severity in patients with moderate-to-severe plaque psoriasis.
These agents include ixekizumab (Eli Lilly) and secukinumab (Novartis), both of which
target IL-17A, and brodalumab (Amgen) that binds to and inhibits signalling of IL-17RA
and therefore would be expected to block IL-17 family members that utilize this
receptor, including IL-17A, IL-17F, IL-17A/F and possibly IL-17E.

The clinical results for the IL17-R inhibitor brodalumab indicate the importance of IL17-
RA in psoriasis pathophysiology. In independent clinical studies up to and including
significant Phase |l trials, it has been reported markedly to reduce disease severity in
patients with moderate-to-severe plaque psoriasis, and is said to demonstrate a
favorable safety and tolerability profile, robust clinical activity, significant improvements
in PASI and other scores for psoriasis severity, and a substantial positive impact on
patient quality of life (Papp KA et al. N Engl J Med. 2012;366(13):1181-1189; Papp KA
et al. J Invest Dermatol. 2012;132(10):2466—-2469; Gordon KB et a/. Br J Dermatol.
2014;170(3):705-715)

Similarly, inhibition of IL-17A (the major cytokine signaling through IL-17RA) by several
antibody antagonists in clinical development have been shown to be highly effective for
the treatment of patients with moderate-severe psoriasis. In particular, secukinumab
(currently in substantial phase Il clinical studies) has been shown to down-regulate
cytokines, chemokines and proteins associated with inflammatory responses in lesional

skin.
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The therapeutic products currently on the market for the treatment of psoriasis offer
varying degrees of symptomatic relief and reduced relapse rates but none are currently
considered curative and therefore require chronic administration. While many pre-
existing topical agents can be effective for short periods of time, due to treatment-
limiting toxicity most are restricted to short term use. This means that patients need
routine monitoring for side effects and regular cycling onto new treatment protocols.
Phototherapy can be effective but is inconvenient and associated with a significant risk
of skin cancer and many conventional (small molecule) systemic therapies are
associated with increased cardiovascular risk; renal dysfunction, leucopenia and
thrombocytopenia. Systemic biologics have transformed treatment of moderate-to-
severe psoriasis but, as with any immunosuppressive regime, chronic use can have

significant side-effects such as increased risk of infections or malignancies.

None of the current therapeutic interventions are curative, and therefore all require
chronic use. Therapeutic regimens have to take account of this by adopting strategies
to reduce toxicity, including rotational or sequential therapies, drug holidays, and
combination therapy. Importantly, for some drugs there is an absolute lifetime limit on

the exposure that any one patient can safely receive.

Thus, there is a need for new highly effective and safe therapy options for both topical
and systemic use. In particular, there is therefore a clear unmet need for new topical
drugs with the efficacy of a biological in patients with severe disease, where a long-
term maintenance therapy could keep symptoms under control following systemic mAb
use and therefore improve the safety profile for chronic use. Similarly, those patients
who are not treated systemically because their disease is considered sufficiently
severe, would greatly benefit from the topical, in particular dermal, application of a drug

with biological efficacy.

Antibodies have proven themselves to be extremely effective therapeutic agents for
treating a large number of different disease indications. In particular, there has been a
clear trend towards development of fully human antibodies for therapeutic use over the
various alternatives. Due to their size and other physical properties, however, it is
currently the case that monoclonal antibodies have to be administered either
intravenously (iv) or subcutaneously (sc) and therefore have a high systemic exposure.
Thus, although the antibodies can be highly effective, their route of delivery can often
be suboptimal, resulting either in antibody binding to target antigen at non-disease

locations (potentially compromising the healthy function of normal, non-disease tissue)
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or resulting in suboptimal PK/PD characteristics. Either outcome may result in a loss of
efficacy and/or a compromised safety profile by virtue of the suboptimal route of

administration.

Due to their small size and other favourable biophysical characteristics, antibody
fragments are potentially attractive candidates for alternative routes of administration.
In particular, V, fragments are the smallest, most robust portion of an immunoglobulin
molecule that retain target specificity and potency. It would therefore be advantageous
to deliver V., domain therapeutics topically on the skin, so that they penetrate to
therapeutically beneficial locations within the skin to treat disease locally. Any V., that
might enter the bloodstream will be cleared rapidly and therefore have little or no

systemic exposure, thereby minimising potential mechanism-related systemic toxicity.

The invention is thus aimed at providing a safe and effective therapy of conditions

associated with the Th17 pathway, in particular for topical treatment of psoriasis.

Summary of the invention

The invention relates to isolated IL-17RA binding molecules, related uses and
methods, including their use in medical treatment.

In a first aspect, the invention relates to a binding molecule capable of binding human
IL-17RA comprising a human heavy chain variable immunoglobulin domain (Vy)
comprising a CDR3 sequence comprising SEQ ID NO. 3 or a sequence with at least
70%, at least 80%, at least 90%, or at least 95% homology to SEQ ID NO. 3.

In a second aspect, the invention relates to a binding molecule, comprising at least one
immunoglobulin single domain antibody directed against IL-17RA wherein said domain
is @ human V, domain comprising at least one antigen binding site comprising a CDR3
sequence having SEQ ID NO. 3 or a sequence with at least 70%, at least 80%, at least
90%, or at least 95% homology to SEQ ID NO. 3. In a third aspect, the invention
relates to a binding molecule capable of binding human IL-17RA comprising a human
Vy domain comprising a CDR3 sequence comprising SEQ ID NO. 1267 or a sequence
with at least 70%, at least 80%, at least 90%, or at least 95% homology to SEQ ID NO.
1267.

In a fourth aspect, the invention relates to a binding molecule comprising at least one
immunoglobulin single domain antibody directed against human IL-17RA wherein said

domain is a human V, domain comprising an antigen binding site comprising a CDR3
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sequence having SEQ ID NO. 1267 or a sequence with at least 70%, at least 80%, at
least 90%, or at least 95% homology to SEQ ID NO. 1267.

In a fifth aspect, the invention relates to a binding molecule capable of binding human
IL-17RA comprising a human V, domain comprising a CDR3 sequence comprising
SEQ ID NO. 1767 or a sequence with at least 70%, at least 80%, at least 90%, or at
least 95% homology to SEQ ID NO. 1767.

In a another aspect, the invention relates to a binding molecule comprising at least one
immunoglobulin single domain antibody directed against human IL-17RA wherein said
domain is a human Vy domain comprising at least one antigen binding site comprising
a CDR3 sequence having SEQ ID NO. 1767 or a sequence with at least 70%, at least
80%, at least 90%, or at least 95% homology to SEQ ID NO. 1767.

In another aspect, the invention relates to a binding molecule capable of binding
human IL-17RA comprising a human Vy domain comprising a CDR3 sequence
comprising SEQ ID NO. 2131 or a sequence with at least 70%, at least 80%, at least
90%, or at least 95% homology to SEQ ID NO. 2131.

In a fourth aspect, the invention relates to a binding molecule comprising at least one
immunoglobulin single domain antibody directed against human IL-17RA wherein said
domain is a human V, domain comprising an antigen binding site comprising a CDR3
sequence having SEQ ID NO. 2131 or a sequence with at least 60%, at least 70%, at
least 90%, or at least 95% homology to SEQ ID NO. 2131.

In another aspect, the invention relates to a binding molecule capable of binding
human IL-17RA comprising a human Vy domain comprising a CDR3 sequence
comprising SEQ ID NO. 2559 or a sequence with at least 70%, at least 80%, at least
90%, or at least 95% homology to SEQ ID NO. 2559.

In another aspect, the invention relates to a binding molecule comprising at least one
immunoglobulin single domain antibody directed against human IL-17RA wherein said
domain is a human Vy domain comprising at least one antigen binding site comprising
a CDR3 sequence having SEQ ID NO. 2559 or a sequence with at least 70%, at least
80%, at least 90%, or at least 95% homology to SEQ ID NO. 2559.

In another aspect, the invention relates to a binding molecule capable of binding
human IL-17RA comprising a human V, comprising a CDR3 sequence comprising
SEQ ID NO. 2575 or a sequence with at least 70%, at least 80%, at least 90%, or at
least 95% homology to SEQ ID NO. 2575.

In another aspect, the invention relates to a binding molecule comprising at least one
immunoglobulin single domain antibody directed against human IL-17RA wherein said

domain is a human Vy domain comprising at least one antigen binding site comprising
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a CDR3 sequence having SEQ ID NO. 2575 or a sequence with at least 70%, at least
80%, at least 90%, or at least 95% homology to SEQ ID NO. 2575.

In another aspect, the invention relates to a binding molecule capable of binding
human IL-17RA comprising a human Vy domain comprising a CDR3 sequence
comprising SEQ ID NO. 2579 or a sequence with at least 70%, at least 80%, at least
90%, or at least 95% homology thereto.

In another, the invention relates to a binding molecule comprising at least one
immunoglobulin single domain antibody directed against human IL-17RA wherein said
domain is a human Vy domain comprising at least one antigen binding site comprising
a CDR3 sequence having SEQ ID NO. 2579 or a sequence with at least 70%, at least
80%, at least 90%, or at least 95% homology to SEQ ID NO. 2579.

In another aspect, the invention relates to a binding molecule comprising an
immunoglobulin single domain antibody directed against human IL-17RA wherein the
binding molecule has an IC50 for inhibition of IL-6 production of about 0.2 to about 500
nM when tested as described in the examples, i.e. by measuring the ability of IL-17R-
binding molecule to inhibit IL-17R induced IL-6 release from the cell line HT1080.

In another aspect, the invention relates to a binding molecule comprising an
immunoglobulin single domain antibody directed against human IL-17RA wherein said
binding molecule has a KD (M) value in the range of from 6 x 10-11 to 3 x 10-7,
preferably in the range of from 1 x 10° to 6 x 10", preferably when assessed by
BlAcore®.

In another aspect, the invention relates to a pharmaceutical composition comprising a
binding molecule as described above and a pharmaceutical carrier.

In another aspect, the invention relates to a method for treating a disease selected
from autoimmune diseases, inflammatory conditions, allergies and allergic conditions,
hypersensitivity reactions, severe infections, and organ or tissue transplant rejection
comprising administering to a patient in need thereof a binding molecule or
pharmaceutical composition of the invention.

In another aspect, the invention relates to a binding molecule or a pharmaceutical
composition of the invention for use in the treatment of a disease selected from an
autoimmune disease, inflammatory conditions, allergies and allergic conditions,
hypersensitivity reactions, severe infections, and organ or tissue transplant rejection.

In another aspect, the invention relates to the use of a binding molecule or a
pharmaceutical composition of the invention in the manufacture of a medicament for
the treatment of a disease selected from an autoimmune disease, inflammatory
conditions, allergies and allergic conditions, hypersensitivity reactions, severe

infections, and organ or tissue transplant rejection.
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In another aspect, the invention relates to an in vivo or in vitro method for reducing
human IL-17RA activity comprising contacting human IL-17RA with a binding molecule
as described above.

In another aspect, the invention relates to a method for determining the presence of
human IL-17RA in a test sample by an immunoassay comprising contacting said
sample with a binding molecule as described above and at least one detectable label.
In another aspect, the invention relates to an isolated nucleic acid molecule comprising
a nucleotide sequence encoding a binding molecule of the invention.

In another aspect, the invention relates to an isolated nucleic acid construct comprising
a nucleic acid as described above.

In another aspect, the invention relates to an isolated host cell comprising a nucleic
acid or a construct as described above.

In another aspect, the invention relates to a method for producing a binding molecule
as described above comprising expressing a nucleic acid encoding said binding
molecule in a host cell and isolating the binding molecule from the host cell culture.

In another aspect, the invention relates to kit comprising a binding molecule or a

pharmaceutical composition of the invention as described above

Drawings

Figure 1. Family 1 sequences. This figure shows the full length Vy sequence for clones
in family 1. Framework (FR) and complementarity-determining regions (CDR) are
laballed and shown iy table form for ease of reference. COR1, CDRZ and CDR3 are
highlighted in bold.

Figure 2. Family 2 sequences. This figure shows the full length Vy sequence for clones
in family 2. Framework (FR) and complementarity-determining regions (CDR) are
labelled and shown in table form for ease of reference. COR1, CDR2 and CDR3 are
highlighted in bold.

Figure 3. Family 3 sequences. This figure shows the full length Vy sequence for clones
in family 3 and shown in table form for ease of reference. Framework (FR) and
complementarity-determining regions (CDR) are labslled. COR1, CDR2 and CDRS are
highlighted in bold.

Figure 4. Family 4 sequences. This figure shows the full length Vy sequence for clones
in family 4 and shown in tabie form for ease of reference. Framework (FR) and
complementarity-determining regions (CDR) are labelled. COR1, CDR2 and CDRS3 are
highlighted in bold.
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Figure 5. Family 5 sequences. This figure shows the full length Vy sequence for clones
in family 5 and shown in table form for ease of reference. Framework (FR) and
complementarity-determining regions (CDR) are labelled. COR1, CDR2 and COR3 are
highlighted in bold.

Figure 6. Family 6 sequences. This figure shows the full length Vy sequence for clones
in family 6. Framework (FR) and complementarity-determining regions (CDR) are
labelled. COR1, CDR2Z and CDR3 are highlighted in bold.

Figure 7. Family 7 sequences. This figure shows the full length Vy sequence for clones
in family 7. Framework (FR) and complementarity-determining regions (CDR) are
iabelled. COR1, COR2 and CDR3 are highlighted in bold.

Figure 8 shows serum ELISA data, confirming immunogen-induced heavy chain
antibody response.

Figure 9 shows in vitro selection Mouse ELISA data: (A) Vy isolated from peripreps
binding to IL-17RA, (B) V4 isolated from phage preparations binding to IL-17RA and (C)
Vyisolated from phage preparations binding to human 1gG1.

Figure 10 shows the results of biochemical assays: IL-17RA ligand inhibition assays.
A: the x-axis shows the concentration of Vy (M), the y-axis shows the ODyso nm, for Vy
49G11 (@) the ICs, (NM) was 900 and for Vi 2.1 (m) the IC5, (NM) was 4.

B: the x-axis shows Vy concentration M (log) 10, the y-axis shows the ODyso nm, for Vy
4.55 (@) the ICs, (NM) was 6928; for Vi 3.1 (m) the I1Cso (nM) was 11; for Vi, 3.20 (A),
the ICso (NM) was 22; for Vi 49G11 (¥), the ICso (NM) was 885.

Figure 11 shows the results of cell-based assays for IL-17RA Vy clones.

A: the x-axis shows Vy concentration M (log) 14, the y-axis shows the ODyso nm; Vy
SEV49G11 (@) had a weak ICsy (nM), Vi 2.1 (m) had an ICsy (nM) of 363, Vy 62A4
(A)
(QVQLVESGGGLVQPGRSLTLSCTASGFTFHDYAMHWVRQPPGGGLEVWAGVSWN
GNNVGYADSVKGRFTISRDNAKKSLYLQMNSLRSEDTALYYCAKGGMGSGSHPDSF
STWGQGTMVTVSS, SEQ ID No. 2604) had a weak ICs, (nM), Vi SEV136H4L (V)
had an ICs, (NM) of 5; no ICs, (NM) was recorded for Vy; 846A5 (O).

B: the x-axis shows Vy concentration M (log) 10, the y-axis shows the ODgs; nm;
MAB177 (@) had an ICs, (NM) of 65, Vy 2.2 (m) had an ICs, (nM) of 165, Vi 1.1 (A)
had an ICso (NM) of 39, Vi 1.2 (¥) had an ICs, (nM) of 141, no ICs (NM) was recorded
for LH8BAS5 (O).

Figure 12 shows the BlAcore™ traces for IL-17R Vy (A) Clone 2.1, (B) Clone 2.2, (C)
clone 1.1 and (D) clone 1.2

Figure 13 shows clone 2.1 Vy family optimisation, the full sequence of clone 2.1 is
shown as the top line in bold (SEQ ID NO: 1268). Figure also discloses SEQ ID NOS
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1640, 1632, 1664, 1644, 1636, 1668, 1764, 1720, 1724, 1376, 1760, 1692, 1708, 1688,
1728, 1684, 1676, 1672, 1744, 1748, 1648, 1696, 1716, 1712, 1704, 1660, 1752, 1652,
1656, 1736, 1680, 1700, 1756, 1740, and 1732, respectively, in order of appearance.
Figure 14 shows specificity ELISAs for clones 1.2, 1.1, 2.1, 62A4 and 86A5.

Figure 15 shows epitope competition for IL-17RA V4 clones Vy 1.1 and 2.2, which bind
to different epitopes on IL-17RA.

Figure 16 shows HPLC SEC for IL-17 RA for clones (A) 2.1, (B) 1.2 and (C) 1.1.

Detailed description

The present invention will now be further described. In the following passages, different
aspects of the invention are defined in more detail. Each aspect so defined may be
combined with any other aspect or aspects unless clearly indicated to the contrary. In
particular, any feature indicated as being preferred or advantageous may be combined

with any other feature or features indicated as being preferred or advantageous.

Generally, nomenclatures used in connection with, and techniques of, cell and tissue
culture, pathology, oncology, molecular biology, immunology, microbiology, genetics
and protein and nucleic acid chemistry and hybridization described herein are those
well-known and commonly used in the art. The methods and techniques of the present
disclosure are generally performed according to conventional methods well known in
the art and as described in various general and more specific references that are cited
and discussed throughout the present specification unless otherwise indicated. See,
e.g., Sambrook et al. Molecular Cloning: A Laboratory Manual (2d ed., Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y. (1989)). Enzymatic reactions and
purification techniques are performed according to the manufacturer's specifications,
as commonly accomplished in the art or as described herein. The nomenclatures used
in connection with, and the laboratory procedures and techniques of, analytical
chemistry, synthetic organic chemistry, medicinal and pharmaceutical chemistry
described herein are those well-known and commonly used in the art. Standard
techniques are used for chemical syntheses, chemical analyses, pharmaceutical

preparation, formulation, and delivery, and treatment of patients.
The IL-17 family of cytokines includes six members, IL-17/IL-17A, IL-17B, IL-17C, IL-

17D, IL-17E/IL-25, and IL-17F, which are produced by multiple cell types. Members of

this family have a highly conserved C-terminus containing a cysteine-knot fold

10
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structure. Most IL-17 proteins are secreted as disulfide-linked dimers, with the

exception of IL-17B, which is secreted as a non-covalent homodimer.

Signaling by IL-17 family cytokines is mediated by members of the IL-17 receptor
family (IL-17R), IL-17 R/IL-17 RA, IL-17 B R/IL-17 RB, IL-17 RC, IL-17 RD, and IL-17
RE. Activation of these receptors triggers intracellular pathways that induce the
production of pro-inflammatory cytokines and anti-microbial peptides. IL-17A, IL-17F,
and IL-17A/F are produced primarily by activated T cells and signal through an
oligomerized receptor complex consisting of IL-17 RA and |IL-17 RC. Ligand binding to
this complex leads to recruitment of the intracellular adaptor proteins, Act1 and TRAF-
6, and downstream activation of the transcription factors, NF kappa B, AP-1, and
C/EBP. IL-17E activates similar signaling pathways through a receptor complex formed
by IL-17 RA and IL-17 B R/IL-17RB. Signaling by IL-17E induces Th2-type immune
responses and may be involved in promoting the pathogenesis of asthma. Less is
known about the signaling pathways activated by other IL-17 family cytokines. Recent
studies suggest that IL-17C is produced primarily by epithelial cells and binds to a
receptor complex consisting of IL-17 RA and IL-17 RE. Autocrine signaling by IL-17C in
epithelial cells stimulates the production of anti-microbial peptides and pro-
inflammatory cytokines, but like IL-17A, overexpression of IL-17C may contribute to the
development of autoimmune diseases. Similar to IL-17E, IL-17B binds to IL-17 B R/IL-
17 RB, but the major target cells and effects of IL-17B signaling have not been
reported. In addition, the receptor for IL-17D and the ligand for IL-17 RD are currently

unknown.

The invention provides isolated IL-17RA binding molecules that bind human IL-17RA,
pharmaceutical compositions comprising such binding molecules, as well as isolated
nucleic acids encoding such binding molecules, recombinant expression vectors and
isolated host cells for making such binding proteins. Also provided by the invention are
methods of using the binding molecules disclosed herein to detect human IL-17RA, to
inhibit human IL-17RA either in vitro or in vivo, and methods of treating disease. One
aspect of the invention provides isolated human anti-human IL-17RA binding
molecules, specifically those comprising, or consisting of, single domain antibodies that
bind to human IL-17RA with high affinity, a slow off rate and high neutralizing capacity.

In one embodiment, the binding molecule is a heavy chain only antibody.

In preferred embodiments, the binding molecules of the invention bind specifically to

human IL-17RA and do not cross react with, or do not show substantial binding to,
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other members of the human IL-17R receptor family. This limited cross-reactivity with
IL-17R homologues exhibited by the binding members of the invention offers
advantages for their therapeutic and/or diagnostic use as side effects by undesirable
cross reactivity are reduced. This also offers advantages in dosing for therapeutic

applications.

Binding molecules of the invention are isolated from their natural environment.

An IL-17RA binding molecule of the invention is directed against, that is capable of
binding to human IL-17RA (Protein accession NO. Q96F46 Uniprot, SEQ ID NO. 2601)
showing the full-length precursor IL-17RA including the signal peptide) and/or

cynomolgus monkey IL-17R.

SEQ ID NO. 2603

MGAARSPPSAVPGPLLGLLLLLLGVLAPGGASLRLLDHRALVCSQPGLNCTVKNSTCLDD
SWIHPRNLTPSSPKDLOQIQLHFAHTQOGDLFPVAHIEWTLOTDASILYLEGAELSVLQLN
TNERLCVRFEFLSKLRHHHRRWRETEFSHEVVDPDOEYEVTVHHLPKPIPDGDPNHQSKNE
LVPDCEHARMKVTTPCMSSGSLWDPNITVETLEAHQLRVSEFTLWNESTHYQILLTSEFPHM
ENHSCFEHMHHIPAPRPEEFHORSNVTLTLRNLKGCCRHQVQIQPEFEFSSCLNDCLRHSAT
VSCPEMPDTPEPIPDYMPLWVYWEFITGISILLVGSVILLIVCMTWRLAGPGSEKYSDDTK
YTDGLPAADLIPPPLKPRKVWIIYSADHPLYVDVVLKFAQFLLTACGTEVALDLLEEQAT
SEAGVMTWVGROKQEMVESNSKIIVLCSRGTRAKWOQALLGRGAPVRLRCDHGKPVGDLET
AAMNMILPDEFKRPACEGTYVVCYFSEVSCDGDVPDLFGAAPRYPIMDREFEEVY FRIQDLE
MEFQPGRMHRVGELSGDNYLRSPGGRQLRAALDRFRDWQVRCPDWEFECENLY SADDODAPS
LDEEVFEEPLLPPGTGIVKRAPLVREPGSQACLAIDPLVGEEGGAAVAKLEPHLOPRGQP
APQOPLHTLVLAAFEGALVAAVEPGPLADGAAVRLALAGEGEACPLLGSPGAGRNSVLELP
VDPEDSPLGSSTPMASPDLLPEDVREHLEGLMLSLEFEQSLSCQAQGGCSRPAMVLTDPHT
PYEEEQRQSVOSDQGY ISRSSPOPPEGLTEMEEEEEEEQDPGKPALPLSPEDLESLRSLQ
ROLLFROLOKNSGWDTMGSESEGPSA

The terms "IL-17R binding molecule", “IL-17R binding protein”, “anti-IL-17R single
domain antibody” or “anti-IL-17R antibody” all refer to a molecule capable of binding
to/directed to the IL-17RA antigen. Thus, unless otherwise stated, the term human IL-
17R refers to human IL-17RA. The binding reaction may be shown by standard
methods (qualitative assays) including, for example, a binding assay, competition
assay or a bioassay for determining the inhibition of IL-17R binding to its receptor or
any kind of binding assays, with reference to a negative control test in which an
antibody of unrelated specificity. The term "IL-17R binding molecule" includes an IL-

17R binding protein or peptide.

The invention relates to isolated binding molecules capable of binding to human IL-

17RA comprising a heavy chain variable immunoglobulin domain (V) comprising a
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CDR3 sequence as shown in any of figures 1 to 7 with reference to tables 1to 7 or a
sequence with at least 70%, at least 80%, at least 90%, or at least 95% homology
thereto. In one embodiment, the binding molecule comprises a set of CDR1, 2 and 3
sequences selected from the sets of CDR1, 2 and 3 sequences as shown in any of
figures 1 to 7 with reference to tables 1 to 7. In one embodiment, the binding molecule
comprises a Vy with a set of CDR1, 2 and 3 sequences selected from the sets of
CDR1, 2 and 3 sequences as shown in any of figures 1 to 7 with reference to tables 1

to 7. In one embodiment, the binding molecule comprises a heavy chain only antibody.

In another aspect, the invention relates to an isolated binding molecule comprising at
least one immunoglobulin single domain antibody directed against/capable of binding
to IL-17RA wherein said domain is a Vy domain and wherein said IL-17RA binding

molecule comprises at least one antigen binding site.

In one embodiment, the binding molecule may comprise at least one single domain
antibody directed against IL-17RA wherein said domain is a Vy domain comprising a
CDR3 as shown in any of figures 1 to 7 with reference to tables 1 to 7 or a sequence
with at least 60%, at least 70%, at least 80%, at least 90%, or at least 95% homology
to said CDR3 or said V.

In one embodiment, said at least one single variable heavy chain domain antibody
comprises a set of CDR1, 2 and 3 sequences or a Vy a set of CDR1, 2 and 3
sequences wherein the CDR sequences are selected from the sets of CDR1, 2 and 3
sequences as shown in any of figures 1 to 7 with reference to tables 1 to 7. In another
embodiment, the binding molecules comprises or consists of a Vy domain as shown for
a clone selected from clones 1.1t0 1.316, 2.1t02.125,3.110 3.91,4.11t04.107, 5.1 to
54,610r7.1.

In one embodiment of the aspects above, said homology is at least 61%, 62%, 63%,
64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%,
79%, 80%, 82%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98% or 99%.

"Homology" generally refers to the percentage of amino acid residues in the candidate
sequence that are identical with the residues of the polypeptide with which it is
compared (sequence identity), after aligning the sequences and in some embodiments

after introducing gaps, if necessary, to achieve the maximum percent homology, and
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not considering any conservative substitutions as part of the sequence identity. Neither
N- or C-terminal extensions, tags or insertions shall be construed as reducing identity

or homology. Methods and computer programs for the alignment are well known.

The term "antibody", broadly refers to any immunoglobulin (Ig) molecule, or antigen
binding portion thereof, comprised of four polypeptide chains, two heavy (H) chains and
two light (L) chains, or any functional fragment, mutant, variant, or derivation thereof,
which retains the essential epitope binding features of an Ig molecule. Such mutant,
variant, or derivative antibody formats are known in the art
In a full-length antibody, each heavy chain is comprised of a heavy chain variable
region (abbreviated herein as HCVR or V) and a heavy chain constant region. The
heavy chain constant region is comprised of three domains, Cy1, Cy2 and Cy3. Each
light chain is comprised of a light chain variable region (abbreviated herein as LCVR or
V1) and a light chain constant region. The light chain constant region is comprised of
one domain, CL. The V4 and V_ regions can be further subdivided into regions of
hypervariability, termed complementarity determining regions (CDR), interspersed with
regions that are more conserved, termed framework regions (FR). Each Vy and V, is
composed of three CDRs and four FRs, arranged from amino-terminus to carboxy
terminus in the following order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4.
Immunoglobulin molecules can be of any type (e.g., 19G, IgE, IgM, IgD, IgA and IgY),
class (e.g., 19G 1, 1gG2, IgG 3, IgG4, IgAl and IgA2) or subclass.

In certain embodiments, the binding molecules of the invention comprise or consist of
at least one single domain antibody wherein said domain is a V4 immunoglobulin
domain. Thus, the binding molecules of the invention comprise or consist of at least
one immunoglobulin single variable heavy chain domain antibody (sVD, sdAb or ISV)
that has a Vy domain, but is devoid of a V| domain. Single domain antibodies have
been described in the art; they are antibodies whose complementary determining

regions are part of a single domain polypeptide, for example a Vy polypeptide.

As described further herein, the binding molecule may comprise two or more Vy

domains. Such binding molecules may be monospecific or multispecific.

Binding molecules that comprise a single domain antibody wherein said domain is a Vi

domain are also termed Humabody® V.
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Thus, in some embodiments the binding molecule does not comprise a light chain. In
some embodiments the binding molecule does not comprise heavy chain domains Cy2
and Cy3. In some embodiments the binding molecule does not comprise a hinge
region and heavy chain domains Cy2 and Cu3. In some embodiments the binding
molecule does not comprise heavy chain domains Cy1, Cy2, and CH3. In some
embodiments the binding molecule does not comprise heavy chain domain Cy1, a
hinge region heavy chain domain C,2 and heavy chain domain Cy3. In preferred
embodiments the binding molecule does not comprise a light chain, a heavy chain

domain Cy1, a hinge region heavy chain domain C42 and heavy chain domain Cy3.

Each Vy domain comprises three CDRs and four FRs, arranged from amino-terminus
to carboxy-terminus in the following order: FR1, CDR1, FR2, CDR2,
FR3, CDR3, FR4. For example, the V4 domain may comprise C or N terminal
extensions. In one embodiment, the Vy domain comprises C terminal extensions of
from 1 to 10, for example 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 additional amino acids. In one
embodiment, the Vy domain comprises C terminal extensions of from 1 to 12, for
example 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 additional amino acids of the Cy41 domain. In one
embodiment, said extension comprises at least 1 alanine residue, for example a single
alanine residue, a pair of alanine residues or a ftriplet of alanine residues. Such
extended Vy domains are within the scope of the invention. Also within the scope of the
invention are Vy domains that comprise additional C or N terminal residues, for
example linker residues introduced from the expression vector used or His tags, e.g.
hexa-His (HHHHHH, SEQ ID NO: 2605).

Preferably, the one or more Vy domain is a human Vy domain. As used herein, a
human Vy domain includes a V, domain that is derived from or based on a human Vy
domain amino acid or nucleic acid sequence. Thus, the term includes variable heavy
chain regions derived from human germline immunoglobulin sequences. As used
herein, the term human V4 domain includes Vy domains that are isolated from
transgenic mice expressing human immunoglobulin V genes, in particular in response
to an immunisation with an antigen of interest. The human Vg domains of the invention
may include amino acid residues not encoded by human germline immunoglobulin
sequences (e.g., mutations introduced in vitro, e.g. by random or site-specific
mutagenesis, or introduced by somatic mutation in vivo). The term “human Vy domain”

therefore also includes modified human Vy sequences.
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Thus, the invention provides a binding molecule comprising at least one
immunoglobulin single domain antibody capable of binding/directed against IL-17RA
wherein said domain is a human V, domain and wherein said IL-17A binding molecule
comprises at least one antigen binding site. The single domain antibody is specifically

directed against/capable of binding human IL-17RA.

As used herein, the term Vy or "variable domain" refers to immunoglobulin variable
domains defined by Kabat et al., Sequences of Immunological Interest, 5" ed., U.S.
Dept. Health & Human Services, Washington, D.C. (1991). The numbering and
positioning of CDR amino acid residues within the variable domains is in accordance

with the well-known Kabat numbering convention.

More particularly, the invention provides a Vy immunoglobulin domain that can bind to
human IL-17RA with an affinity, a Kon-rate, a Koff rate, KD and/or KA as further

described herein.

The binding molecules of the invention comprise amino acid sequences and preferred

sequences and/or parts thereof, such as CDRs, as defined herein.

The term "CDR" refers to the complementarity-determining region within antibody
variable sequences. There are three CDRs in each of the variable regions of the heavy
chain and the light chain, which are designated CDR1, CDR2 and CDR3, for each of
the variable regions. The term "CDR set" refers to a group of three CDRs that occur in
a single variable region capable of binding the antigen. The exact boundaries of these
CDRs have been defined differently according to different systems. The system
described by Kabat as used herein. The terms "Kabat numbering", "Kabat definitions"
and "Kabat labeling" are used interchangeably herein. These terms, which are
recognized in the art, refer to a system of numbering amino acid residues which are
more variable (i.e., hypervariable) than other amino acid residues in the heavy and light
chain variable regions of an antibody, or an antigen binding portion thereof (Kabat ef al.
(1971) Ann. NY Acad. Sci. 190:382-391 and Kabat, ef al. (1991) Sequences of Proteins
of Immunological Interest, Fifth Edition, U.S. Department of Health and Human
Services, NIH Publication No. 91-3242).

As describad in more detall in the experimental part, the inventors isoiated parent
molecuies {resulting in 7 families of clones: cione 1.1 is the parent clone for family 1 as

shown in Fig. 1, clone 2.1 is the parent clone for Tamily 2 a5 shown in Fig. 2, clone 3.1
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is the parent clone for family 3 as shown in Fig. 3, clone 4.1 is the parent clone for
family 4 as shown in Fig. 4, clone 5.1 is the parent clone for family & as shown in Fig. §,
clone 6.1 is the parent clone for family 6 as shown in Fig. 8 and clone 7.1 is the parent
clone for family 7 as shown in Fig. 7); each having a set of CDR sequences (CDR1, 2
and 3) as shown in Figures 1, 2, 3, 4, 5, 8 and 7. Through a process of optimization, a
pansl of clones with COR3 sequences derived from the parent COR3 sequences was
generated for each of family 1, 2, 3, 4, &, 8 and 7. Optimised Vy domain sequences
show improved affinities to IL-17RA and improved potencies in the IL-17RA cell-based

assay compared to the parent molecule as shown in the examples.

In one aspect, the invention relates to a binding molecule capable of binding human IL-
17RA comprising a human Vy domain wherein said Vy domain comprises a family 1 or

family 1-like sequence.

In one embodiment, the binding molecule comprises or consists of at least one
immunoglobulin single domain antibody capable of binding/directed against IL-17RA,
preferably human IL-17RA, wherein said domain is a human Vy domain and wherein
said Vy domain comprises a family 1 or family 1-like sequence. These include the Vy
sequence of the parent clone (clone 1.1) or a part thereof, for example a CDR3
sequence and Vy sequences of clones or parts thereof that are derived from the parent
clone 1.1 through a process of optimization, for example sequences as shown as
shown in Figure 1. CDR sequences and full length sequences of clones in family 1 are

numbered according to table 1 as shown below.

Clone VH FULL
hame CDR1 SEQ ID|CDR2 SEQ |ID|CDR3 SEQ ID|LENGTH SEQ ID
NO. NO. NO. NO.
11 SEQID NO. 1 SEQID NO. 2 SEQID NO. 3 SEQID NO. 4
12 SEQIDNO. 5 SEQID NO. 6 SEQIDNO.7 SEQID NO. 8
13 SEQIDNO. 9 SEQID NO. 10 SEQ ID NO. 11 SEQID NO. 12
14 SEQ ID NO. 13 SEQID NO. 14 SEQID NO. 15 SEQID NO. 16
1> SEQ ID NO. 17 SEQID NO. 18 SEQ ID NO. 19 SEQID NO. 20
16 SEQID NO. 21 SEQ ID NO. 22 SEQ ID NO. 23 SEQID NO. 24
17 SEQ ID NO. 25 SEQ ID NO. 26 SEQ ID NO. 27 SEQ ID NO. 28
18 SEQ ID NO. 29 SEQID NO. 30 SEQ ID NO. 31 SEQID NO. 32
1.9

SEQ ID NO. 33 SEQ ID NO. 34 SEQ ID NO. 35 SEQ ID NO. 36
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110 SEQ ID NO. 37 SEQ ID NO. 38 SEQ ID NO. 39 SEQ ID NO. 40
1 SEQ ID NO. #1 SEQ ID NO. 42 SEQ ID NO. 43 SEQ ID NO. 44
1.12 SEQ ID NO. 45 SEQ ID NO. 46 SEQ ID NO. 47 SEQ ID NO. 48
113 SEQ ID NO. 49 SEQ ID NO. 50 SEQ ID NO. 51 SEQ ID NO. 52
114 SEQ ID NO. 53 SEQ ID NO. 54 SEQ ID NO. 55 SEQ ID NO. 56
115 SEQ ID NO. 57 SEQ ID NO. 58 SEQ ID NO. 59 SEQ ID NO. 60
1.16 SEQ ID NO. 61 SEQ ID NO. 62 SEQ ID NO. 63 SEQ ID NO. 64
117 SEQ ID NO. 65 SEQ ID NO. 66 SEQ ID NO. 67 SEQ ID NO. 68
118 SEQ ID NO. 69 SEQ ID NO. 70 SEQ ID NO. 71 SEQ ID NO. 72
119 SEQ ID NO. 73 SEQ ID NO. 74 SEQ ID NO. 75 SEQ ID NO. 76
1.20 SEQ ID NO. 77 SEQ ID NO. 78 SEQ ID NO. 79 SEQ ID NO. 80
121 SEQ ID NO. 81 SEQ ID NO. 82 SEQ ID NO. 83 SEQ ID NO. 84
1.22 SEQ ID NO. 85 SEQ ID NO. 86 SEQ ID NO. 87 SEQ ID NO. 88
1.23 SEQ ID NO. 89 SEQ ID NO. 90 SEQ ID NO. 91 SEQ ID NO. 92
1.24 SEQ ID NO. 93 SEQ ID NO. 94 SEQ ID NO. 95 SEQ ID NO. 96
1.25 SEQ ID NO. 97 SEQ ID NO. 98 SEQ ID NO. 99 SEQ ID NO. 100
1.26 SEQ ID NO. 101 SEQ ID NO. 102 SEQID NO. 103 | SEQID NO. 104
1.27 SEQID NO.105 | SEQID NO. 106 SEQID NO. 107 | SEQID NO. 108
1.28 SEQIDNO.109 | SEQID NO. 110 SEQID NO. 111 | SEQIDNO. 112
1.29 SEQIDNO. 113 | SEQID NO. 114 SEQID NO. 115 | SEQIDNO. 116
130 SEQIDNO. 117 | SEQID NO. 118 SEQID NO. 119 | SEQIDNO. 120
131 SEQ ID NO. 121 SEQ ID NO. 122 SEQID NO. 123 | SEQID NO. 124
132 SEQIDNO. 125 | SEQID NO. 126 SEQ ID NO. 127 | SEQID NO. 128
133 SEQIDNO. 129 | SEQID NO. 130 SEQIDNO. 131 | SEQID NO. 132
1.34 SEQID NO. 133 | SEQID NO. 134 SEQID NO. 135 | SEQIDNO. 136
135 SEQID NO. 137 | SEQID NO. 138 SEQID NO. 139 | SEQID NO. 140
1.36 SEQ ID NO. 141 SEQ ID NO. 142 SEQID NO. 143 | SEQIDNO. 144
137 SEQID NO. 145 | SEQID NO. 146 SEQID NO. 147 | SEQID NO. 148
1.38 SEQIDNO. 149 | SEQID NO. 150 SEQID NO. 151 | SEQID NO. 152
139 SEQID NO. 153 | SEQID NO. 154 SEQID NO. 155 | SEQ ID NO. 156
1.40 SEQ ID NO. 157 | SEQID NO. 158 SEQID NO. 159 | SEQID NO. 160
141 SEQ ID NO. 161 SEQ ID NO. 162 SEQID NO. 163 | SEQID NO. 164
142 SEQID NO. 165 | SEQID NO. 166 SEQID NO. 167 | SEQID NO. 168
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143 SEQIDNO. 169 | SEQIDNO. 170 SEQID NO. 171 | SEQID NO. 172
144 SEQIDNO.173 | SEQIDNO. 174 SEQID NO. 175 | SEQID NO. 176
145 SEQIDNO.177 | SEQID NO. 178 SEQID NO. 179 | SEQID NO. 180
1.46 SEQ ID NO. 181 SEQ ID NO. 182 SEQID NO. 183 | SEQID NO. 184
147 SEQIDNO. 185 | SEQID NO. 186 SEQID NO. 187 | SEQID NO. 188
1.48 SEQIDNO. 189 | SEQID NO. 190 SEQID NO. 191 | SEQID NO. 192
1.49 SEQID NO. 193 | SEQID NO. 194 SEQID NO. 195 | SEQID NO. 196
150 SEQID NO. 197 | SEQID NO. 198 SEQID NO. 199 | SEQID NO. 200
11 SEQ ID NO. 201 SEQ ID NO. 202 SEQID NO. 203 | SEQID NO. 204
152 SEQ ID NO. 205 | SEQID NO. 206 SEQID NO. 207 | SEQID NO. 208
153 SEQID NO.209 | SEQID NO. 210 SEQIDNO.211 | SEQIDNO. 212
1.4 SEQID NO. 213 | SEQID NO. 214 SEQID NO. 215 | SEQIDNO. 216
125 SEQID NO. 217 | SEQID NO. 218 SEQID NO.219 | SEQID NO. 220
156 SEQ ID NO. 221 SEQ ID NO. 222 SEQID NO. 223 | SEQID NO. 224
157 SEQ ID NO. 225 | SEQID NO. 226 SEQID NO. 227 | SEQID NO. 228
1.8 SEQ ID NO. 229 | SEQID NO. 230 SEQID NO. 231 | SEQID NO. 232
159 SEQ ID NO. 233 | SEQID NO. 234 SEQID NO. 235 | SEQID NO. 236
1.60 SEQ ID NO. 237 | SEQ ID NO. 238 SEQID NO. 239 | SEQID NO. 240
1.61 SEQ ID NO. 241 SEQ ID NO. 242 SEQID NO. 243 | SEQID NO. 244
1.62 SEQ ID NO. 245 | SEQID NO. 246 SEQID NO. 247 | SEQID NO. 248
1.63 SEQ ID NO.249 | SEQID NO. 250 SEQID NO. 251 | SEQID NO. 252
1.64 SEQ ID NO. 253 | SEQID NO. 254 SEQ ID NO. 255 | SEQ ID NO. 256
165 SEQ ID NO. 257 | SEQ ID NO. 258 SEQ ID NO. 259 | SEQ ID NO. 260
1.66 SEQ ID NO. 261 SEQ ID NO. 262 SEQID NO. 263 | SEQID NO. 264
1.67 SEQ ID NO. 265 | SEQID NO. 266 SEQID NO. 267 | SEQID NO. 268
1.68 SEQID NO. 269 | SEQID NO. 270 SEQIDNO. 271 | SEQIDNO. 272
1.69 SEQID NO. 273 | SEQID NO. 274 SEQID NO. 275 | SEQIDNO. 276
1.70 SEQ ID NO. 277 | SEQID NO. 278 SEQID NO. 279 | SEQID NO. 280
171 SEQ ID NO. 281 SEQ ID NO. 282 SEQID NO. 283 | SEQID NO. 284
1.72 SEQ ID NO. 285 | SEQID NO. 286 SEQID NO. 287 | SEQID NO. 288
1.73 SEQ ID NO. 289 | SEQID NO. 290 SEQID NO.291 | SEQID NO. 292
1.74 SEQ ID NO. 293 | SEQID NO. 294 SEQID NO. 295 | SEQID NO. 296
175 SEQ ID NO. 297 | SEQID NO. 298 SEQID NO.299 | SEQID NO. 300
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176 SEQ ID NO. 301 SEQ ID NO. 302 SEQ ID NO. 303 | SEQ ID NO. 304
177 SEQ ID NO. 305 | SEQID NO. 306 SEQ ID NO. 307 | SEQ ID NO. 308
1.78 SEQID NO. 309 | SEQID NO. 310 SEQID NO. 311 | SEQID NO. 312
1.79 SEQID NO. 313 | SEQID NO. 314 SEQID NO. 315 | SEQID NO. 316
1.80 SEQID NO. 317 | SEQID NO. 318 SEQID NO. 319 | SEQID NO. 320
1.81 SEQ ID NO. 321 SEQ ID NO. 322 SEQID NO. 323 | SEQID NO. 324
1.82 SEQ ID NO. 325 | SEQID NO. 326 SEQID NO. 327 | SEQID NO. 328
1.83 SEQID NO. 329 | SEQID NO. 330 SEQID NO. 331 | SEQID NO. 332
1.84 SEQ ID NO. 333 | SEQID NO. 334 SEQID NO. 335 | SEQID NO. 336
1.85 SEQ ID NO. 337 | SEQID NO. 338 SEQID NO. 339 | SEQID NO. 340
1.86 SEQ ID NO. 341 SEQ ID NO. 342 SEQID NO. 343 | SEQID NO. 344
1.87 SEQ ID NO. 345 | SEQID NO. 346 SEQID NO. 347 | SEQID NO. 348
1.88 SEQID NO. 349 | SEQID NO. 350 SEQID NO. 351 | SEQID NO. 352
1.89 SEQ ID NO. 353 | SEQ ID NO. 354 SEQ ID NO. 355 | SEQ ID NO. 356
1.90 SEQ ID NO. 357 | SEQ ID NO. 358 SEQID NO. 359 | SEQID NO. 360
191 SEQ ID NO. 361 SEQ ID NO. 362 SEQID NO. 363 | SEQID NO. 364
1.92 SEQ ID NO. 365 | SEQID NO. 366 SEQID NO. 367 | SEQ ID NO. 368
1.93 SEQID NO. 369 | SEQID NO. 370 SEQID NO. 371 | SEQIDNO. 372
1.94 SEQID NO. 373 | SEQID NO. 374 SEQID NO. 375 | SEQID NO. 376
1.95 SEQID NO. 377 | SEQID NO. 378 SEQID NO. 379 | SEQID NO. 380
1.96 SEQ ID NO. 381 SEQ ID NO. 382 SEQID NO. 383 | SEQID NO. 384
1.97 SEQID NO. 385 | SEQID NO. 386 SEQ ID NO. 387 | SEQ ID NO. 388
1.98 SEQID NO. 389 | SEQID NO. 390 SEQ ID NO. 391 | SEQ ID NO. 392
1.99 SEQ ID NO. 393 | SEQID NO. 394 SEQID NO. 395 | SEQ ID NO. 396
1.100 SEQ ID NO. 397 | SEQID NO. 398 SEQID NO. 399 | SEQID NO. 400
1101 SEQ ID NO. 401 SEQ ID NO. 402 SEQ ID NO. 403 | SEQ ID NO. 404
1102 SEQ ID NO. 405 | SEQ ID NO. 406 SEQ ID NO. 407 | SEQ ID NO. 408
1103 SEQ ID NO. 409 | SEQID NO. 410 SEQID NO. 411 | SEQID NO. 412
1.104 SEQID NO. 413 | SEQID NO. 414 SEQID NO. 415 | SEQID NO. 416
1105 SEQ ID NO. 417 | SEQID NO. 418 SEQID NO. 419 | SEQID NO. 420
1106 SEQ ID NO. 421 SEQ ID NO. 422 SEQID NO. 423 | SEQID NO. 424
1.107 SEQ ID NO. 425 | SEQ ID NO. 426 SEQID NO. 427 | SEQID NO. 428
1.108 SEQ ID NO. 429 | SEQID NO. 430 SEQID NO. 431 | SEQID NO. 432
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1109 SEQ ID NO. 433 | SEQID NO. 434 SEQ ID NO. 435 | SEQ ID NO. 436
1.110 SEQ ID NO. 437 | SEQ ID NO. 438 SEQ ID NO. 439 | SEQ ID NO. 440
1111 SEQ ID NO. 441 SEQ ID NO. 442 SEQID NO. 443 | SEQID NO. 444
1112 SEQ ID NO. 445 | SEQID NO. 446 SEQID NO. 447 | SEQID NO. 448
1113 SEQ ID NO. 449 | SEQ ID NO. 450 SEQID NO. 451 | SEQID NO. 452
1.114 SEQ ID NO. 453 | SEQ ID NO. 454 SEQ ID NO. 455 | SEQ ID NO. 456
1115 SEQ ID NO. 457 | SEQ ID NO. 458 SEQID NO. 459 | SEQ ID NO. 460
1116 SEQ ID NO. 461 SEQ ID NO. 462 SEQID NO. 463 | SEQ ID NO. 464
1117 SEQ ID NO. 465 | SEQ ID NO. 466 SEQ ID NO. 467 | SEQ ID NO. 468
1118 SEQ ID NO. 469 | SEQID NO. 470 SEQID NO. 471 | SEQID NO. 472
1119 SEQID NO. 473 | SEQID NO. 474 SEQID NO. 475 | SEQID NO. 476
1.120 SEQ ID NO. 477 | SEQID NO. 478 SEQID NO. 479 | SEQID NO. 480
1121 SEQ ID NO. 481 SEQ ID NO. 482 SEQID NO. 483 | SEQID NO. 484
1122 SEQ ID NO. 485 | SEQID NO. 486 SEQ ID NO. 487 | SEQID NO. 488
1123 SEQ ID NO. 489 | SEQ ID NO. 490 SEQID NO. 491 | SEQ ID NO. 492
1.124 SEQ ID NO. 493 | SEQ ID NO. 494 SEQ ID NO. 495 | SEQ ID NO. 496
1125 SEQ ID NO. 497 | SEQ ID NO. 498 SEQID NO. 499 | SEQ ID NO. 500
1.126 SEQ ID NO. 501 SEQ ID NO. 502 SEQID NO. 503 | SEQ ID NO. 504
1127 SEQ ID NO. 505 | SEQID NO. 506 SEQ ID NO. 507 | SEQ ID NO. 508
1.128 SEQ ID NO. 509 | SEQID NO. 510 SEQID NO. 511 | SEQID NO. 512
1.129 SEQID NO. 513 | SEQID NO. 514 SEQID NO. 515 | SEQID NO. 516
1.130 SEQID NO. 517 | SEQID NO. 518 SEQ ID NO. 519 | SEQ ID NO. 520
1131 SEQ ID NO. 521 SEQ ID NO. 522 SEQ ID NO. 523 | SEQ ID NO. 524
1132 SEQ ID NO. 525 | SEQ ID NO. 526 SEQID NO. 527 | SEQ ID NO. 528
1133 SEQ ID NO. 529 | SEQID NO. 530 SEQID NO. 531 | SEQID NO. 532
1.134 SEQ ID NO. 533 | SEQID NO. 534 SEQID NO. 535 | SEQID NO. 536
1135 SEQ ID NO. 537 | SEQ ID NO. 538 SEQID NO. 539 | SEQID NO. 540
1136 SEQ ID NO. 541 SEQ ID NO. 542 SEQID NO. 543 | SEQ ID NO. 544
1137 SEQ ID NO. 545 | SEQID NO. 546 SEQID NO. 547 | SEQ ID NO. 548
1138 SEQ ID NO. 549 | SEQ ID NO. 550 SEQID NO. 551 | SEQ ID NO. 552
1139 SEQ ID NO. 553 | SEQ ID NO. 554 SEQ ID NO. 555 | SEQ ID NO. 556
1.140 SEQ ID NO. 557 | SEQ ID NO. 558 SEQID NO. 559 | SEQ ID NO. 560
1141 SEQ ID NO. 561 SEQ ID NO. 562 SEQ ID NO. 563 | SEQ ID NO. 564
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1142 SEQ ID NO. 565 | SEQ ID NO. 566 SEQ ID NO. 567 | SEQ ID NO. 568
1.143 SEQID NO. 569 | SEQID NO. 570 SEQ ID NO. 571 | SEQID NO. 572
1.144 SEQ ID NO. 573 | SEQID NO. 574 SEQID NO. 575 | SEQID NO. 576
1.145 SEQ ID NO. 577 | SEQID NO. 578 SEQID NO. 579 | SEQID NO. 580
1.146 SEQ ID NO. 581 SEQ ID NO. 582 SEQ ID NO. 583 | SEQ ID NO. 584
1.147 SEQ ID NO. 585 | SEQID NO. 586 SEQID NO. 587 | SEQ ID NO. 588
1.148 SEQ ID NO. 589 | SEQ ID NO. 590 SEQID NO. 591 | SEQ ID NO. 592
1.149 SEQ ID NO. 593 | SEQ ID NO. 594 SEQ ID NO. 595 | SEQ ID NO. 596
1.150 SEQ ID NO. 597 | SEQ ID NO. 598 SEQID NO. 599 | SEQ ID NO. 600
1151 SEQ ID NO. 601 SEQ ID NO. 602 SEQID NO.603 | SEQID NO. 604
1152 SEQ ID NO. 605 | SEQID NO. 606 SEQID NO. 607 | SEQID NO. 608
1153 SEQID NO.609 | SEQID NO. 610 SEQID NO.611 | SEQIDNO. 612
1.154 SEQID NO.613 | SEQID NO. 614 SEQID NO.615 | SEQID NO. 616
1155 SEQ ID NO. 617 | SEQID NO. 618 SEQID NO.619 | SEQID NO. 620
1136 SEQ ID NO. 621 SEQ ID NO. 622 SEQID NO.623 | SEQID NO. 624
1157 SEQ ID NO. 625 | SEQID NO. 626 SEQID NO.627 | SEQID NO. 628
1158 SEQ ID NO.629 | SEQID NO. 630 SEQID NO.631 | SEQID NO. 632
1159 SEQ ID NO. 633 | SEQID NO. 634 SEQID NO.635 | SEQID NO. 636
1.160 SEQ ID NO. 637 | SEQID NO. 638 SEQID NO.639 | SEQID NO. 640
1.161 SEQ ID NO. 641 SEQ ID NO. 642 SEQID NO.643 | SEQID NO. 644
1.162 SEQ ID NO.645 | SEQID NO. 646 SEQID NO.647 | SEQID NO. 648
1.163 SEQIDNO.649 | SEQID NO. 650 SEQ ID NO. 651 | SEQ ID NO. 652
1.164 SEQ ID NO. 653 | SEQID NO. 654 SEQ ID NO. 655 | SEQ ID NO. 656
1.165 SEQ ID NO. 657 | SEQ ID NO. 658 SEQ ID NO.659 | SEQ ID NO. 660
1.166 SEQ ID NO. 661 SEQ ID NO. 662 SEQID NO.663 | SEQ ID NO. 664
1.167 SEQ ID NO. 665 | SEQ ID NO. 666 SEQ ID NO. 667 | SEQ ID NO. 668
1.168 SEQ ID NO. 669 | SEQID NO. 670 SEQID NO.671 | SEQIDNO. 672
1.169 SEQID NO.673 | SEQID NO. 674 SEQID NO.675 | SEQID NO. 676
1.170 SEQ ID NO. 677 | SEQID NO. 678 SEQID NO.679 | SEQID NO. 680
1171 SEQ ID NO. 681 SEQ ID NO. 682 SEQID NO.683 | SEQID NO. 684
1172 SEQ ID NO.685 | SEQID NO. 686 SEQID NO.687 | SEQID NO. 688
1173 SEQ ID NO.689 | SEQ ID NO. 690 SEQID NO.691 | SEQID NO. 692
1174 SEQ ID NO. 693 | SEQID NO. 694 SEQID NO.695 | SEQ ID NO. 696
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1175 SEQ ID NO. 697 | SEQID NO. 698 SEQ ID NO.699 | SEQ ID NO. 700
1176 SEQ ID NO. 701 SEQ ID NO. 702 SEQID NO. 703 | SEQID NO. 704
1177 SEQID NO.705 | SEQID NO. 706 SEQID NO.707 | SEQID NO. 708
1178 SEQIDNO.709 | SEQIDNO. 710 SEQIDNO.711 | SEQIDNO. 712
1179 SEQIDNO.713 | SEQID NO. 714 SEQIDNO.715 | SEQIDNO. 716
1.180 SEQIDNO. 717 | SEQID NO. 718 SEQIDNO.719 | SEQIDNO. 720
1181 SEQ ID NO. 721 SEQ ID NO. 722 SEQIDNO.723 | SEQIDNO. 724
1182 SEQIDNO.725 | SEQID NO. 726 SEQIDNO.727 | SEQIDNO. 728
1183 SEQIDNO.729 | SEQID NO. 730 SEQIDNO.731 | SEQIDNO. 732
1.184 SEQIDNO.733 | SEQID NO. 734 SEQIDNO. 735 | SEQIDNO. 736
1185 SEQ ID NO. 737 | SEQID NO. 738 SEQIDNO.739 | SEQIDNO. 740
1.186 SEQ ID NO. 741 SEQ ID NO. 742 SEQIDNO.743 | SEQIDNO. 744
1.187 SEQID NO.745 | SEQID NO. 746 SEQID NO.747 | SEQIDNO. 748
1.188 SEQIDNO.749 | SEQID NO. 750 SEQID NO.751 | SEQID NO. 752
1.189 SEQID NO. 753 | SEQID NO. 754 SEQID NO. 755 | SEQID NO. 756
1.190 SEQ ID NO. 757 | SEQID NO. 758 SEQID NO.759 | SEQID NO. 760
1191 SEQ ID NO. 761 SEQ ID NO. 762 SEQID NO.763 | SEQID NO. 764
1192 SEQ ID NO.765 | SEQID NO. 766 SEQID NO. 767 | SEQID NO. 768
1193 SEQIDNO.769 | SEQIDNO. 770 SEQIDNO.771 | SEQIDNO. 772
1.194 SEQIDNO.773 | SEQIDNO. 774 SEQIDNO.775 | SEQIDNO. 776
1195 SEQIDNO. 777 | SEQIDNO. 778 SEQIDNO.779 | SEQIDNO. 780
1196 SEQ ID NO. 781 SEQ ID NO. 782 SEQID NO. 783 | SEQID NO. 784
1197 SEQIDNO.785 | SEQIDNO. 786 SEQ ID NO. 787 | SEQID NO. 788
1.198 SEQIDNO.789 | SEQID NO. 790 SEQIDNO.791 | SEQIDNO. 792
1.199 SEQID NO.793 | SEQID NO. 794 SEQID NO.795 | SEQID NO. 796
1.200 SEQID NO. 797 | SEQID NO. 798 SEQID NO.799 | SEQID NO. 800
1.201 SEQ ID NO. 801 SEQ ID NO. 802 SEQID NO. 803 | SEQID NO. 804
1.202 SEQ ID NO. 805 | SEQID NO. 806 SEQ ID NO. 807 | SEQID NO. 808
1.203 SEQID NO. 809 | SEQID NO. 810 SEQID NO. 811 | SEQIDNO. 812
1.204 SEQID NO. 813 | SEQID NO. 814 SEQID NO. 815 | SEQID NO. 816
1.205 SEQ ID NO. 817 | SEQID NO. 818 SEQID NO. 819 | SEQID NO. 820
1.206 SEQ ID NO. 821 SEQ ID NO. 822 SEQID NO. 823 | SEQID NO. 824
1.207 SEQ ID NO. 825 | SEQID NO. 826 SEQID NO. 827 | SEQID NO. 828
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1.208 SEQID NO. 829 | SEQID NO. 830 SEQ ID NO. 831 | SEQ ID NO. 832
1.209 SEQ ID NO. 833 | SEQID NO. 834 SEQ ID NO. 835 | SEQ ID NO. 836
1.210 SEQ ID NO. 837 | SEQID NO. 838 SEQID NO. 839 | SEQID NO. 840
1211 SEQ ID NO. 841 SEQ ID NO. 842 SEQID NO. 843 | SEQID NO. 844
1.212 SEQID NO. 845 | SEQID NO. 846 SEQID NO. 847 | SEQID NO. 848
1.213 SEQ ID NO. 849 | SEQID NO. 850 SEQID NO. 851 | SEQID NO. 852
1.214 SEQ ID NO. 853 | SEQ ID NO. 854 SEQ ID NO. 855 | SEQ ID NO. 856
1215 SEQ ID NO. 857 | SEQ ID NO. 858 SEQID NO. 859 | SEQID NO. 860
1.216 SEQ ID NO. 861 SEQ ID NO. 862 SEQID NO. 863 | SEQID NO. 864
1.217 SEQ ID NO. 865 | SEQID NO. 866 SEQ ID NO. 867 | SEQID NO. 868
1.218 SEQ ID NO. 869 | SEQID NO. 870 SEQID NO. 871 | SEQIDNO. 872
1.219 SEQID NO. 873 | SEQID NO. 874 SEQID NO. 875 | SEQIDNO. 876
1.220 SEQ ID NO. 877 | SEQID NO. 878 SEQID NO. 879 | SEQID NO. 880
1.221 SEQ ID NO. 881 SEQ ID NO. 882 SEQID NO. 883 | SEQID NO. 884
1.222 SEQ ID NO. 885 | SEQID NO. 886 SEQID NO. 887 | SEQID NO. 888
1.223 SEQ ID NO. 889 | SEQ ID NO. 890 SEQID NO. 891 | SEQID NO. 892
1.224 SEQ ID NO. 893 | SEQ ID NO. 894 SEQID NO. 895 | SEQ ID NO. 896
1.225 SEQ ID NO. 897 | SEQ ID NO. 898 SEQID NO. 899 | SEQ ID NO. 900
1.226 SEQ ID NO. 901 SEQ ID NO. 902 SEQ ID NO. 903 | SEQ ID NO. 904
1.227 SEQ ID NO. 905 | SEQID NO. 906 SEQ ID NO. 907 | SEQ ID NO. 908
1.228 SEQID NO.909 | SEQIDNO. 910 SEQID NO. 911 | SEQIDNO. 912
1.229 SEQIDNO.913 | SEQID NO. 914 SEQ ID NO. 915 | SEQID NO. 916
1.230 SEQIDNO. 917 | SEQID NO. 918 SEQ ID NO. 919 | SEQ ID NO. 920
1.231 SEQ ID NO. 921 SEQ ID NO. 922 SEQID NO. 923 | SEQID NO. 924
1.232 SEQ ID NO. 925 | SEQID NO. 926 SEQ ID NO. 927 | SEQID NO. 928
1.233 SEQID NO.929 | SEQID NO. 930 SEQID NO. 931 | SEQID NO. 932
1.234 SEQ ID NO. 933 | SEQID NO. 934 SEQID NO. 935 | SEQID NO. 936
1.235 SEQ ID NO. 937 | SEQID NO. 938 SEQID NO. 939 | SEQID NO. 940
1.236 SEQ ID NO. 941 SEQ ID NO. 942 SEQID NO. 943 | SEQID NO. 944
1.237 SEQ ID NO. 945 | SEQID NO. 946 SEQID NO. 947 | SEQID NO. 948
1.238 SEQID NO.949 | SEQ ID NO. 950 SEQID NO. 951 | SEQID NO. 952
1.239 SEQ ID NO. 953 | SEQ ID NO. 954 SEQ ID NO. 955 | SEQ ID NO. 956
1.240 SEQ ID NO. 957 | SEQID NO. 958 SEQID NO. 959 | SEQ ID NO. 960
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1.241 SEQ ID NO. 961 SEQ ID NO. 962 SEQ ID NO. 963 | SEQ ID NO. 964
1.242 SEQ ID NO. 965 | SEQID NO. 966 SEQ ID NO. 967 | SEQ ID NO. 968
1.243 SEQID NO. 969 | SEQID NO. 970 SEQID NO. 971 | SEQID NO. 972
1.244 SEQID NO. 973 | SEQID NO. 974 SEQID NO. 975 | SEQID NO. 976
1.245 SEQ ID NO. 977 | SEQID NO. 978 SEQID NO. 979 | SEQID NO. 980
1.246 SEQ ID NO. 981 SEQ ID NO. 982 SEQID NO. 983 | SEQID NO. 984
1.247 SEQ ID NO. 985 | SEQID NO. 986 SEQ ID NO. 987 | SEQ ID NO. 988
1.248 SEQ ID NO. 989 | SEQ ID NO. 990 SEQID NO. 991 | SEQ ID NO. 992
1.249 SEQ ID NO. 993 | SEQ ID NO. 994 SEQ ID NO. 995 | SEQ ID NO. 996
1.250 SEQ ID NO. 997 | SEQID NO. 998 SEQ ID NO. 999 | SEQ ID NO. 1000
1.251 SEQID NO. 1001 | SEQID NO. 1002 | SEQ ID NO. 1003 | SEQ ID NO. 1004
1.232 SEQID NO. 1005 | SEQID NO. 1006 | SEQ ID NO. 1007 | SEQ ID NO. 1008
1.253 SEQ ID NO. 1009 | SEQID NO. 1010 | SEQID NO. 1011 | SEQID NO. 1012
1.254 SEQID NO. 1013 | SEQIDNO. 1014 | SEQID NO. 1015 | SEQ ID NO. 1016
1.235 SEQID NO. 1017 | SEQIDNO. 1018 | SEQ ID NO. 1019 | SEQ ID NO. 1020
1.236 SEQID NO. 1021 | SEQID NO. 1022 | SEQ ID NO. 1023 | SEQ ID NO. 1024
1.257 SEQID NO. 1025 | SEQID NO. 1026 | SEQ ID NO. 1027 | SEQ ID NO. 1028
1.258 SEQID NO. 1029 | SEQID NO. 1030 | SEQ ID NO. 1031 | SEQ ID NO. 1032
1.259 SEQID NO. 1033 | SEQIDNO. 1034 | SEQ ID NO. 1035 | SEQ ID NO. 1036
1.260 SEQID NO. 1037 | SEQID NO. 1038 | SEQ ID NO. 1039 | SEQ ID NO. 1040
1.261 SEQID NO. 1041 | SEQIDNO. 1042 | SEQ ID NO. 1043 | SEQ ID NO. 1044
1.262 SEQ ID NO. 1045 | SEQID NO. 1046 | SEQ ID NO. 1047 | SEQ ID NO. 1048
1.263 SEQ ID NO. 1049 | SEQ ID NO. 1050 | SEQ ID NO. 1051 | SEQ ID NO. 1052
1.264 SEQID NO. 1053 | SEQID NO. 1054 | SEQ ID NO. 1055 | SEQ ID NO. 1056
1.265 SEQ ID NO. 1057 | SEQID NO. 1058 | SEQ ID NO. 1059 | SEQ ID NO. 1060
1.266 SEQID NO. 1061 | SEQID NO. 1062 | SEQ ID NO. 1063 | SEQ ID NO. 1064
1.267 SEQID NO. 1065 | SEQID NO. 1066 | SEQ ID NO. 1067 | SEQ ID NO. 1068
1.268 SEQID NO. 1069 | SEQID NO. 1070 | SEQ ID NO. 1071 | SEQ ID NO. 1072
1.269 SEQID NO. 1073 | SEQID NO. 1074 | SEQ ID NO. 1075 | SEQ ID NO. 1076
1.270 SEQID NO. 1077 | SEQID NO. 1078 | SEQ ID NO. 1079 | SEQ ID NO. 1080
1.271 SEQID NO. 1081 | SEQID NO. 1082 | SEQ ID NO. 1083 | SEQ ID NO. 1084
1.272 SEQID NO. 1085 | SEQID NO. 1086 | SEQ ID NO. 1087 | SEQ ID NO. 1088
1.273 SEQ ID NO. 1089 | SEQID NO. 1090 | SEQ ID NO. 1091 | SEQ ID NO. 1092
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1274 SEQ ID NO. 1093 | SEQ ID NO. 1094 | SEQ ID NO. 1095 | SEQ ID NO. 1096
1275 SEQ ID NO. 1097 | SEQ ID NO. 1098 | SEQ ID NO. 1099 | SEQ ID NO. 1100
1.276 SEQID NO. 1101 | SEQID NO. 1102 | SEQ ID NO. 1103 | SEQ ID NO. 1104
1.277 SEQID NO. 1105 | SEQIDNO. 1106 | SEQ ID NO. 1107 | SEQ ID NO. 1108
1.278 SEQID NO. 1109 | SEQIDNO. 1110 | SEQID NO. 1111 | SEQ ID NO. 1112
1.279 SEQID NO. 1113 | SEQID NO. 1114 | SEQID NO. 1115 | SEQ ID NO. 1116
1.280 SEQID NO. 1117 | SEQID NO. 1118 | SEQID NO. 1119 | SEQ ID NO. 1120
1.281 SEQID NO. 1121 | SEQIDNO. 1122 | SEQ ID NO. 1123 | SEQ ID NO. 1124
1.282 SEQID NO. 1125 | SEQIDNO. 1126 | SEQID NO. 1127 | SEQ ID NO. 1128
1.283 SEQID NO. 1129 | SEQID NO. 1130 | SEQID NO. 1131 | SEQ ID NO. 1132
1.284 SEQID NO. 1133 | SEQIDNO. 1134 | SEQID NO. 1135 | SEQ ID NO. 1136
1.285 SEQID NO. 1137 | SEQIDNO. 1138 | SEQ ID NO. 1139 | SEQ ID NO. 1140
1.286 SEQID NO. 1141 | SEQID NO. 1142 | SEQ ID NO. 1143 | SEQ ID NO. 1144
1.287 SEQID NO. 1145 | SEQIDNO. 1146 | SEQ ID NO. 1147 | SEQ ID NO. 1148
1.288 SEQID NO. 1149 | SEQID NO. 1150 | SEQ ID NO. 1151 | SEQ ID NO. 1152
1.289 SEQID NO. 1153 | SEQID NO. 1154 | SEQ ID NO. 1155 | SEQ ID NO. 1156
1.290 SEQ ID NO. 1157 | SEQID NO. 1158 | SEQ ID NO. 1159 | SEQ ID NO. 1160
1.291 SEQID NO. 1161 | SEQID NO. 1162 | SEQ ID NO. 1163 | SEQ ID NO. 1164
1.292 SEQID NO. 1165 | SEQID NO. 1166 | SEQ ID NO. 1167 | SEQ ID NO. 1168
1.293 SEQID NO. 1169 | SEQIDNO. 1170 | SEQID NO. 1171 | SEQ ID NO. 1172
1.294 SEQIDNO. 1173 | SEQIDNO. 1174 | SEQID NO. 1175 | SEQ ID NO. 1176
1.29 SEQID NO. 1177 | SEQID NO. 1178 | SEQ ID NO. 1179 | SEQ ID NO. 1180
1.296 SEQID NO. 1181 | SEQID NO. 1182 | SEQ ID NO. 1183 | SEQ ID NO. 1184
1.297 SEQID NO. 1185 | SEQIDNO. 1186 | SEQ ID NO. 1187 | SEQ ID NO. 1188
1.298 SEQID NO. 1189 | SEQIDNO. 1190 | SEQ ID NO. 1191 | SEQ ID NO. 1192
1.299 SEQIDNO. 1193 | SEQIDNO. 1194 | SEQ ID NO. 1195 | SEQ ID NO. 1196
1300 SEQID NO. 1197 | SEQID NO. 1198 | SEQ ID NO. 1199 | SEQ ID NO. 1200
1301 SEQID NO. 1201 | SEQID NO. 1202 | SEQ ID NO. 1203 | SEQ ID NO. 1204
1302 SEQID NO. 1205 | SEQID NO. 1206 | SEQ ID NO. 1207 | SEQ ID NO. 1208
1303 SEQID NO. 1209 | SEQIDNO. 1210 | SEQIDNO. 1211 | SEQID NO. 1212
1.304 SEQIDNO. 1213 | SEQIDNO. 1214 | SEQID NO. 1215 | SEQ ID NO. 1216
1305 SEQID NO. 1217 | SEQIDNO. 1218 | SEQID NO. 1219 | SEQ ID NO. 1220
1306 SEQID NO. 1221 | SEQID NO. 1222 | SEQ ID NO. 1223 | SEQ ID NO. 1224
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1307 SEQ ID NO. 1225 | SEQ ID NO. 1226 | SEQ ID NO. 1227 | SEQ ID NO. 1228
1.308 SEQ ID NO. 1229 | SEQ ID NO. 1230 | SEQ ID NO. 1231 | SEQ ID NO. 1232
1.309 SEQID NO. 1233 | SEQIDNO. 1234 | SEQID NO. 1235 | SEQ ID NO. 1236
1310 SEQID NO. 1237 | SEQIDNO. 1238 | SEQ ID NO. 1239 | SEQ ID NO. 1240
1311 SEQID NO. 1241 | SEQIDNO. 1242 | SEQ ID NO. 1243 | SEQ ID NO. 1244
1312 SEQID NO. 1245 | SEQIDNO. 1246 | SEQID NO. 1247 | SEQ ID NO. 1248
1313 SEQID NO. 1249 | SEQID NO. 1250 | SEQ ID NO. 1251 | SEQ ID NO. 1252
1314 SEQID NO. 1253 | SEQID NO. 1254 | SEQ ID NO. 1255 | SEQ ID NO. 1256
1315 SEQ ID NO. 1257 | SEQID NO. 1258 | SEQ ID NO. 1259 | SEQ ID NO. 1260
1316 SEQID NO. 1261 | SEQID NO. 1262 | SEQ ID NO. 1263 | SEQ ID NO. 1264

Table 1. This shows SEQ ID NOs. of family 1 CDR sequences and of family 1 full-
length Vy; sequences that are within the scope of the invention. Corresponding

sequences are shown in Figure 1.

In one aspect of the invention, the family 1 or family 1-like binding molecule comprises
a human Vy domain comprising a CDR3 sequence comprising SEQ ID NO. 3 or a
sequence with at least 70%, at least 80%, at least 90%, or at least 95% homology to
SEQ ID NO. 3.

In one embodiment, the family 1 or family 1-like binding molecule comprises at least
one immunoglobulin single domain antibody directed against IL-17RA wherein said
domain is a human V, domain and wherein said Vy domain comprises at least one
antigen binding site comprising a CDR3 sequence having SEQ ID NO. 3 or a sequence
with at least 70%, at least 80%, at least 90%, or at least 95% homology to SEQ ID NO.
3.

In one embodiment, homology is at least 90% homology to SEQ ID NO. 3.

In one embodiment, the CDR3 sequence is selected from one of the CDR3 sequences
as shown in table 1 with reference to Fig 1. Thus, the CDR3 sequence is selected from
SEQ ID Nos. 3,7, 11, 15, 19, 23, 27, 31, 35, 39, 43, 47, 51, 55, 59, 63, 67, 71, 75, 79,
83, 87, 91, 95, 99, 103, 107, 111, 115, 119, 127, 131, 135, 139, 143, 147, 151, 155,
159, 163, 167, 171,175, 179, 183, 187, 191, 195, 199, 203, 207, 211, 215, 219, 223,
227, 231, 235, 239, 243,247, 251, 255, 259, 263, 267, 271, 275, 279, 283, 287, 291,
295, 299, 30, 307, 311, 315, 319, 323, 327, 331, 335, 339, 343, 347, 351, 355, 363,
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367, 371, 375, 379, 383, 387, 391, 395, 399, 403, 407, 411, 415, 419, 423, 427, 431,
435, 439, 443, 447, 451, 455, 459, 463, 467, 471, 475, 479, 483, 487, 491, 495, 499,
503. 507, 511, 515, 519, 523, 527, 531, 535, 539, 543, 547, 551, 555, 563, 567, 571,
575, 579, 583, 587, 591, 595, 599, 603, 607, 611, 615, 619, 623, 627, 631, 635, 639,
643, 647, 651, 655, 659, 663, 667, 675, 679, 683, 687, 691, 695, 699, 703, 707, 711,
715, 723, 727, 731, 735, 739, 743, 747, 751, 755, 759, 763, 767, 771, 775, 779, 783,
787, 791, 795, 799, 803, 807, 811, 815, 819, 823, 827, 831, 835, 839, 843, 847, 851,
855, 859, 871, 875, 879, 883, 887, 891, 895, 899, 903, 907, 911, 915, 919, 923, 927,
931, 935, 939, 943, 947, 951, 955, 959, 963, 967, 971, 975, 979, 983, 987, 991, 995,
999, 1003, 1007, 1011, 1015, 1019, 1023, 1027, 1031, 1035, 1039, 1043, 1047, 1051,
1055, 1059, 1063, 1067, 1071, 1075, 1079, 1083, 1087, 1091, 1095, 1099, 1103, 1107,
1111, 1115, 1119, 1123, 1127, 1131, 1135, 1139, 1143, 1147, 1151, 1155, 1159, 1163
1167, 1171, 1175, 1179, 1183, 1187, 1191, 1195, 1199, 1203, 1207, 1211, 1215, 1219
1223, 1227, 1231, 1235, 1239, 1243, 1247, 1251, 1259 or 1263.

In one embodiment, the family 1 or family 1-like binding molecule comprises at least
one antigen binding site comprising CDR1, CDR2 and CDR3, said CDR1 region
comprising or consisting of amino acid sequence SEQ ID NO. 1 or a sequence with at
least 70%, at least 80%, at least 90%, or at least 95% homology thereto, said CDR2
region comprising or consisting of the amino acid sequence SEQ ID NO. 2 or a
sequence with at least 70%, at least 80%, at least 90%, or at least 95% homology
thereto, and said CDR3 region comprising or consisting of the amino acid sequence
SEQ ID NO. 3 or a sequence with at least 60%, at least 70%, at least 80%, at least
90%, or at least 95% homology thereto. For example, the CDR sequence may be a

CDR sequence selected from those shown in Figure 1.

In one embodiment, said CDR1 comprises or consists of the amino acid sequence as
shown in SEQ ID NO. 1 or a sequence with at least 70%, 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95% 96%, 97%, 98% or 99%
homology thereto. In one embodiment, said CDR2 comprises or consists of the amino
acid sequence as shown in SEQ ID NO: 2 or a sequence with at least 70%, 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95% 96%,
97%, 98% or 99% homology thereto. In one embodiment, said CDR3 comprises or
consists of the amino acid sequence as shown in SEQ ID NO. 3 or a sequence with at
least 60%, 65%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95% 96%,
97%, 98% or 99% homology thereto.
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In one embodiment, CDR1 comprises or consists of one of the CDR1 amino acid
sequence listed above in table 1 with reference to Fig. 1, CDR2 comprises or consists
of one of the CDR2 amino acid sequence listed above in table 1 with reference to Fig.
1 and CDR3 comprises or consists of one of the CDR3 amino acid sequence listed
above in table 1 with reference to Fig. 1. In one embodiment, the binding molecule has
combinations of CDR1, CDR2 and CDR3 as shown for clones 1.1 to 1.316 in Figure 1.
In one embodiment, the binding molecule has combinations of CDR1, CDR2 and
CDR3 as shown for clones 1.1 to 1.6 in Figure 1. In one embodiment, the binding
molecule comprises a set of CDR1, CDR2 and CDRS3 sequences of a Vy sequence as
shown for clones 1.1 to 1.316 in Figure 1. In one embodiment, the binding molecule
has a set of CDR1, CDR2 and CDR3 sequences of a V,; sequence as shown for clones
1.11t0 1.6 in Figure 1.

Thus, in one embodiment, CDR1 is SEQ ID NO. 1, CDR2 is SEQ ID NO. 2 and CDR3
is SEQ ID NO. 3. In another embodiment, CDR1 is SEQ ID NO. 5, CDR2 is SEQ ID
NO. 6 and CDR3 is SEQ ID NO. 7. In another embodiment, CDR1 is SEQ ID NO. 9,
CDR2 is SEQ ID NO. 10 and CDR3 is SEQ ID NO. 11. In another embodiment, CDR1
is SEQ ID NO. 13, CDR2 is SEQ ID NO. 14 and CDR3 is SEQ ID NO. 15. In another
embodiment, CDR1 is SEQ ID NO. 17, CDR2 is SEQ ID NO. 18 and CDR3 is SEQ ID
NO. 19. In another embodiment, CDR1 is SEQ ID NO. 21, CDR2 is SEQ ID NO. 22
and CDR3 is SEQ ID NO. 23.

In one embodiment, the family 1 or family 1-like sequence has a Vy domain that
comprises or consists of SEQ ID NO. 4 or a sequence with at least 40%, 50%, 60%,
70%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95% 96%, 97%, 98% or 99% homology thereto. CDR sequences of such
sequences are shown in Figure 1. For example, the Vy domain comprises or consists
of one of the Vy amino acid sequences listed above for clones 1.1 to 1.316 in table 1
with reference to Fig. 1. Thus, the Vy sequence comprises or consists of a sequence
selected from SEQ ID NOs. 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56,
60, 64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120, 124,
128, 132, 136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184,
188, 192, 196, 200, 204, 208, 212, 216, 220, 224, 228, 232, 236, 240, 244,
248, 252, 256, 260, 264, 268, 272, 276, 280, 284, 288, 292, 296, 300, 304,
308, 312, 316, 320, 324, 328, 332, 336, 340, 344, 348, 352, 356, 360, 364,
368, 372, 376, 380, 384, 388, 392, 396, 400, 404, 408, 412, 416, 420, 424,
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428, 432, 436, 440, 444, 448, 452, 456, 460, 464, 468, 472, 476, 480, 484,
488, 492, 496, 500, 504, 508, 512, 516, 520, 524, 528, 532, 536, 540, 544,
548, 552, 556, 560, 564, 568, 572, 576, 580, 584, 588, 592, 596, 600, 604,
608, 612, 616, 620, 624, 628, 632, 636, 640, 644, 648, 652, 656, 660, 664,
668, 672, 676, 680, 684, 688, 692, 696, 700, 704, 708, 712, 716, 720, 724,
728, 732, 736, 740, 744, 748, 752, 756, 760, 764, 768, 772, 776, 780, 784.
788, 792, 796, 800, 804, 808, 812, 816, 820, 824, 828, 832, 836, 840, 844,
848, 852, 856, 860, 864, 868, 872, 876, 880, 884, 888, 892 896, 900, 904,
908, 912, 916, 920, 924, 928, 932, 936, 940, 944, 948, 952, 956, 960, 964,
968, 972, 976, 980, 984, 988, 992, 996, 1000, 1004, 1008, 1012, 1016, 1020,
1024, 1028, 1032, 1036, 1040, 1044, 1048, 1052, 1056, 1060, 1064, 1068,
1072, 1076, 108,0 1084, 1088, 1092, 1096, 1100, 1104, 1108, 1112, 1116
1120, 1124, 1128, 1132, 1136, 1140, 1144, 1148, 1152, 1156, 1160, 1164,
1168, 1172, 1176, 1180, 1184, 1188, 1192, 1196, 1200, 1204, 1208, 1212,
1216, 1220, 1224, 1228, 1232, 1236, 1240, 1244, 1248, 1252, 1256, 1260 or
1264. In another embodiment, the Vy sequence is selected from one of the sequences
in the forgoing but comprises 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino acid substitutions. In
one embodiment, these are in the framework region. In another embodiment, these are
in the CDRs. In one embodiment, the amino acid substitutions are in the framework
and CDR sequences. In one embodiment, the V, domain comprises or consists of SEQ
ID NO. 4 or a sequence which comprises one or more amino acid substitutions, for

example 1,2, 3,4, 5,6, 7, 8,9 or 10 amino acid substitutions.

In one embodiment, said V, domain comprises or consists of a sequence selected from
SEQ ID NOs. 4, 8, 12, 16, 20 or 24 or a sequence with at least 40%, 50%, 60%, 70%,
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95% 96%, 97%, 98% or 99% homology thereto.

In another aspect, the invention relates to a binding molecule comprising or consisting
of a Vi domain as shown in SEQ ID NO. 4 or a variant thereof comprising amino acid
substitutions compared to SEQ ID NO. 4 as follows residue 1 is E, residue 30 is A,
residue 55 is A, residue 58 is K, |, residue 59 is G, residue 63 is T, residue 100 is S,
residue 101 is S, residue 104 is Y and/or residue 106 is S.

The family 1 or family 1-like binding molecules preferably have KD, Koff, KA, Kd and

ICs0 values as further described herein and as shown in the examples.
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The term "KD" refers to the "equilibrium dissociation constant" and refers to the value
obtained in a titration measurement at equilibrium, or by dividing the dissociation rate

»

constant (Koff) by the association rate constant (Kon). “KA” refers to the affinity
constant. The association rate constant, the dissociation rate constant and the
equilibrium dissociation constant are used to represent the binding affinity of an
antibody to an antigen. Methods for determining association and dissociation rate
constants are well known in the art. Using fluorescence-based techniques offers high
sensitivity and the ability to examine samples in physiological buffers at equilibrium.
Other experimental approaches and instruments such as a BlAcore® (biomolecular

interaction analysis) assay can be used.

In another aspect, the invention relates to a binding molecule capable of binding
human IL-17RA comprising a human Vy domain wherein said Vy domain comprises a

family 2 or family 2-like sequence.

In one embodiment, the binding molecule comprises or consists of at least one
immunoglobulin single domain antibody directed against IL-17RA, preferably human IL-
17RA, wherein said domain is a human Vy domain and wherein said IL-17RA binding
molecule comprises a family 2 or family 2-like sequence. These include the parent
sequence and sequences of clones that are derived from the parent clone (clone 2.2)
or a part thereof, for example a CDR3 sequence, and Vy sequences of clones or parts
thereof that are derived from the parent clone 2.1 through a process of optimization, for
example as shown in Figure 2. CDR sequences and full length sequences of clones in

family 2 are numbered according to table 2 as shown below.

VH Full length
Clone sequence Seq ID
nhame CDR1 Seq ID No CDR2 Seq ID No CDR3 Seq ID No No
2.1 SEQIDNO. 1265 | SEQIDNO.1266 | SEQIDNO.1267 | SEQIDNO. 1268
2.2 SEQIDNO.1269 | SEQIDNO.1270 | SEQIDNO.1271 | SEQID NO. 1272
2.3 SEQIDNO.1273 | SEQIDNO.1274 | SEQIDNO.1275 | SEQIDNO. 1276
2.4 SEQIDNO. 1277 | SEQIDNO.1278 | SEQIDNO.1279 | SEQID NO. 1280
2.5 SEQIDNO.1281 | SEQIDNO.1282 | SEQIDNO.1283 | SEQ ID NO. 1284
2.6 SEQIDNO.1285 | SEQIDNO.1286 | SEQIDNO.1287 | SEQIDNO. 1288
2.7 SEQIDNO.1289 | SEQIDNO.1290 | SEQIDNO.1291 | SEQIDNO. 1292
2.8 SEQIDNO.1293 | SEQIDNO.1294 | SEQIDNO.1295 | SEQIDNO. 1296
2.9 SEQIDNO.1297 | SEQIDNO.1298 | SEQIDNO.1299 | SEQ ID NO. 1300
2.10 SEQIDNO. 1301 | SEQIDNO.1302 | SEQIDNO.1303 | SEQ ID NO. 1304
2.11 SEQIDNO. 1305 | SEQIDNO.1306 | SEQIDNO.1307 | SEQIDNO. 1308
2.12 SEQIDNO. 1309 | SEQIDNO.1310 | SEQIDNO.1311 | SEQID NO. 1312
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2.13 SEQIDNO.1313 | SEQIDNO.1314 | SEQIDNO.1315 | SEQIDNO. 1316
2.14 SEQIDNO.1317 | SEQIDNO.1318 | SEQIDNO.1319 | SEQID NO. 1320
2.15 SEQIDNO. 1321 | SEQIDNO.1322 | SEQIDNO.1323 | SEQID NO. 1324
2.16 SEQIDNO.1325 | SEQIDNO.1326 | SEQIDNO.1327 | SEQIDNO. 1328
2.17 SEQIDNO.1329 | SEQIDNO.1330 | SEQIDNO.1331 | SEQID NO. 1332
2.18 SEQIDNO. 1333 | SEQIDNO.1334 | SEQIDNO.1335 | SEQID NO. 1336
2.19 SEQIDNO. 1337 | SEQIDNO.1338 | SEQIDNO.1339 | SEQID NO. 1340
2.20 SEQIDNO. 1341 | SEQIDNO.1342 | SEQIDNO.1343 | SEQID NO. 1344
2.21 SEQIDNO. 1345 | SEQIDNO.1346 | SEQIDNO.1347 | SEQIDNO. 1348
2.22 SEQIDNO. 1349 | SEQIDNO.1350 | SEQIDNO.1351 | SEQID NO. 1352
2.23 SEQIDNO. 1353 | SEQIDNO.1354 | SEQIDNO. 1355 | SEQID NO. 1356
2.24 SEQIDNO. 1357 | SEQIDNO.1358 | SEQIDNO.1359 | SEQ ID NO. 1360
2.25 SEQIDNO. 1361 | SEQIDNO.1362 | SEQIDNO.1363 | SEQ ID NO. 1364
2.26 SEQIDNO. 1365 | SEQIDNO.1366 | SEQIDNO.1367 | SEQID NO. 1368
2.27 SEQIDNO. 1369 | SEQIDNO.1370 | SEQIDNO.1371 | SEQID NO. 1372
2.28 SEQIDNO. 1373 | SEQIDNO.1374 | SEQIDNO. 1375 | SEQID NO. 1376
2.29 SEQIDNO. 1377 | SEQIDNO.1378 | SEQIDNO.1379 | SEQID NO. 1380
2.30 SEQIDNO.1381 | SEQIDNO.1382 | SEQIDNO.1383 | SEQ ID NO. 1384
2.31 SEQIDNO. 1385 | SEQIDNO.1386 | SEQIDNO.1387 | SEQID NO. 1388
2.32 SEQIDNO.1389 | SEQIDNO.1390 | SEQIDNO.1391 | SEQIDNO. 1392
2.33 SEQIDNO.1393 | SEQIDNO.1394 | SEQIDNO.1395 | SEQ ID NO. 1396
2.34 SEQIDNO. 1397 | SEQIDNO.1398 | SEQIDNO.1399 | SEQ ID NO. 1400
2.35 SEQIDNO. 1401 | SEQIDNO. 1402 | SEQIDNO.1403 | SEQ ID NO. 1404
2.36 SEQIDNO. 1405 | SEQIDNO.1406 | SEQIDNO.1407 | SEQID NO. 1408
2.37 SEQIDNO. 1409 | SEQIDNO.1410 | SEQIDNO.1411 | SEQID NO. 1412
2.38 SEQIDNO. 1413 | SEQIDNO.1414 | SEQIDNO.1415 | SEQIDNO. 1416
2.39 SEQIDNO. 1417 | SEQIDNO.1418 | SEQIDNO.1419 | SEQID NO. 1420
2.40 SEQIDNO. 1421 | SEQIDNO. 1422 | SEQIDNO.1423 | SEQID NO. 1424
2.41 SEQIDNO. 1425 | SEQIDNO.1426 | SEQIDNO.1427 | SEQID NO. 1428
2.42 SEQIDNO. 1429 | SEQIDNO.1430 | SEQIDNO.1431 | SEQID NO. 1432
2.43 SEQIDNO. 1433 | SEQIDNO.1434 | SEQIDNO.1435 | SEQID NO. 1436
2.44 SEQIDNO. 1437 | SEQIDNO. 1438 | SEQIDNO. 1439 | SEQID NO. 1440
2.45 SEQIDNO. 1441 | SEQIDNO. 1442 | SEQIDNO. 1443 | SEQ ID NO. 1444
2.46 SEQIDNO. 1445 | SEQIDNO.1446 | SEQIDNO.1447 | SEQID NO. 1448
2.47 SEQIDNO. 1449 | SEQIDNO.1450 | SEQIDNO. 1451 | SEQID NO. 1452
2.48 SEQIDNO. 1453 | SEQIDNO. 1454 | SEQIDNO.1455 | SEQID NO. 1456
2.49 SEQIDNO. 1457 | SEQIDNO. 1458 | SEQIDNO.1459 | SEQ ID NO. 1460
2.50 SEQIDNO. 1461 | SEQIDNO.1462 | SEQIDNO.1463 | SEQID NO. 1464
2.51 SEQIDNO. 1465 | SEQIDNO.1466 | SEQIDNO.1467 | SEQID NO. 1468
2.52 SEQIDNO. 1469 | SEQIDNO.1470 | SEQIDNO. 1471 | SEQID NO. 1472
2.53 SEQIDNO. 1473 | SEQIDNO. 1474 | SEQIDNO.1475 | SEQID NO. 1476
2.54 SEQIDNO. 1477 | SEQIDNO.1478 | SEQIDNO.1479 | SEQID NO. 1480
2.55 SEQIDNO. 1481 | SEQIDNO.1482 | SEQIDNO.1483 | SEQID NO. 1484
2.56 SEQIDNO. 1485 | SEQIDNO.1486 | SEQIDNO.1487 | SEQID NO. 1488
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2.57 SEQIDNO. 1489 | SEQIDNO.1490 | SEQIDNO.1491 | SEQID NO. 1492
2.58 SEQIDNO. 1493 | SEQIDNO.1494 | SEQIDNO.1495 | SEQID NO. 1496
2.59 SEQIDNO. 1497 | SEQIDNO. 1498 | SEQIDNO. 1499 | SEQ ID NO. 1500
2.60 SEQIDNO. 1501 | SEQIDNO.1502 | SEQIDNO.1503 | SEQ ID NO. 1504
2.61 SEQIDNO. 1505 | SEQIDNO.1506 | SEQIDNO.1507 | SEQ ID NO. 1508
2.62 SEQIDNO. 1509 | SEQIDNO.1510 | SEQIDNO.1511 | SEQID NO. 1512
2.63 SEQIDNO.1513 | SEQIDNO.1514 | SEQIDNO.1515 | SEQIDNO. 1516
2.64 SEQIDNO. 1517 | SEQIDNO.1518 | SEQIDNO.1519 | SEQID NO. 1520
2.65 SEQIDNO.1521 | SEQIDNO.1522 | SEQIDNO.1523 | SEQ ID NO. 1524
2.66 SEQIDNO. 1525 | SEQIDNO.1526 | SEQIDNO.1527 | SEQIDNO. 1528
2.67 SEQIDNO. 1529 | SEQIDNO.1530 | SEQIDNO.1531 | SEQID NO. 1532
2.68 SEQIDNO. 1533 | SEQIDNO.1534 | SEQIDNO.1535 | SEQIDNO. 1536
2.69 SEQIDNO. 1537 | SEQIDNO. 1538 | SEQIDNO.1539 | SEQ ID NO. 1540
2.70 SEQIDNO. 1541 | SEQIDNO.1542 | SEQIDNO. 1543 | SEQ ID NO. 1544
2.71 SEQIDNO. 1545 | SEQIDNO.1546 | SEQIDNO.1547 | SEQID NO. 1548
2.72 SEQIDNO. 1549 | SEQIDNO.1550 | SEQIDNO. 1551 | SEQID NO. 1552
2.73 SEQIDNO. 1553 | SEQIDNO. 1554 | SEQIDNO.1555 | SEQ ID NO. 1556
2.74 SEQIDNO. 1557 | SEQIDNO. 1558 | SEQIDNO.1559 | SEQ ID NO. 1560
2.75 SEQIDNO. 1561 | SEQIDNO.1562 | SEQIDNO.1563 | SEQ ID NO. 1564
2.76 SEQIDNO. 1565 | SEQIDNO.1566 | SEQIDNO.1567 | SEQ ID NO. 1568
2.77 SEQIDNO. 1569 | SEQIDNO.1570 | SEQIDNO.1571 | SEQID NO. 1572
2.78 SEQIDNO. 1573 | SEQIDNO.1574 | SEQIDNO. 1575 | SEQID NO. 1576
2.79 SEQIDNO. 1577 | SEQIDNO.1578 | SEQIDNO.1579 | SEQID NO. 1580
2.80 SEQIDNO. 1581 | SEQIDNO.1582 | SEQIDNO.1583 | SEQ ID NO. 1584
2.81 SEQIDNO. 1585 | SEQIDNO.1586 | SEQIDNO.1587 | SEQIDNO. 1588
2.82 SEQIDNO. 1589 | SEQIDNO.1590 | SEQIDNO.1591 | SEQID NO. 1592
2.83 SEQIDNO. 1593 | SEQIDNO.1594 | SEQIDNO.1595 | SEQ ID NO. 1596
2.84 SEQIDNO. 1597 | SEQIDNO.1598 | SEQIDNO.1599 | SEQ ID NO. 1600
2.85 SEQIDNO. 1601 | SEQIDNO.1602 | SEQIDNO.1603 | SEQ ID NO. 1604
2.86 SEQIDNO. 1605 | SEQIDNO.1606 | SEQIDNO.1607 | SEQ ID NO. 1608
2.87 SEQIDNO. 1609 | SEQIDNO.1610 | SEQIDNO.1611 | SEQIDNO. 1612
2.88 SEQIDNO. 1613 | SEQIDNO.1614 | SEQIDNO.1615 | SEQID NO. 1616
2.89 SEQIDNO. 1617 | SEQIDNO.1618 | SEQIDNO.1619 | SEQ ID NO. 1620
2.90 SEQIDNO. 1621 | SEQIDNO.1622 | SEQIDNO.1623 | SEQ ID NO. 1624
2.91 SEQIDNO. 1625 | SEQIDNO.1626 | SEQIDNO.1627 | SEQID NO. 1628
2.92 SEQIDNO.1629 | SEQIDNO.1630 | SEQIDNO.1631 | SEQID NO. 1632
2.93 SEQIDNO. 1633 | SEQIDNO.1634 | SEQIDNO.1635 | SEQ ID NO. 1636
2.94 SEQIDNO. 1637 | SEQIDNO. 1638 | SEQIDNO.1639 | SEQ ID NO. 1640
2.95 SEQIDNO. 1641 | SEQIDNO.1642 | SEQIDNO.1643 | SEQ ID NO. 1644
2.96 SEQIDNO. 1645 | SEQIDNO.1646 | SEQIDNO.1647 | SEQID NO. 1648
2.97 SEQIDNO. 1649 | SEQIDNO.1650 | SEQIDNO.1651 | SEQID NO. 1652
2.98 SEQIDNO. 1653 | SEQIDNO.1654 | SEQIDNO.1655 | SEQ ID NO. 1656
2.99 SEQIDNO. 1657 | SEQIDNO. 1658 | SEQIDNO.1659 | SEQ ID NO. 1660
2.100 SEQIDNO. 1661 | SEQIDNO.1662 | SEQIDNO.1663 | SEQ ID NO. 1664
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2.101 SEQIDNO. 1665 | SEQIDNO.1666 | SEQIDNO.1667 | SEQID NO. 1668
2.102 SEQIDNO. 1669 | SEQIDNO.1670 | SEQIDNO.1671 | SEQID NO. 1672
2.103 SEQIDNO. 1673 | SEQIDNO. 1674 | SEQIDNO.1675 | SEQID NO. 1676
2.104 SEQIDNO. 1677 | SEQIDNO.1678 | SEQIDNO.1679 | SEQ ID NO. 1680
2.105 SEQIDNO. 1681 | SEQIDNO.1682 | SEQIDNO.1683 | SEQ ID NO. 1684
2.106 SEQIDNO. 1685 | SEQIDNO.1686 | SEQIDNO.1687 | SEQID NO. 1688
2.107 SEQIDNO. 1689 | SEQIDNO.1690 | SEQIDNO.1691 | SEQID NO. 1692
2.108 SEQIDNO. 1693 | SEQIDNO.1694 | SEQIDNO.1695 | SEQ ID NO. 1696
2.109 SEQIDNO. 1697 | SEQIDNO.1698 | SEQIDNO.1699 | SEQ IDNO. 1700
2.110 SEQIDNO.1701 | SEQIDNO.1702 | SEQIDNO.1703 | SEQ ID NO. 1704
2.111 SEQIDNO. 1705 | SEQIDNO.1706 | SEQIDNO.1707 | SEQID NO. 1708
2.112 SEQIDNO.1709 | SEQIDNO.1710 | SEQIDNO.1711 | SEQIDNO. 1712
2.113 SEQIDNO.1713 | SEQIDNO.1714 | SEQIDNO.1715 | SEQIDNO. 1716
2.114 SEQIDNO. 1717 | SEQIDNO.1718 | SEQIDNO.1719 | SEQID NO. 1720
2.115 SEQIDNO.1721 | SEQIDNO.1722 | SEQIDNO.1723 | SEQID NO. 1724
2.116 SEQIDNO. 1725 | SEQIDNO.1726 | SEQIDNO.1727 | SEQID NO. 1728
2.117 SEQIDNO.1729 | SEQIDNO.1730 | SEQIDNO.1731 | SEQIDNO. 1732
2.118 SEQIDNO.1733 | SEQIDNO.1734 | SEQIDNO.1735 | SEQIDNO. 1736
2.119 SEQIDNO. 1737 | SEQIDNO.1738 | SEQIDNO.1739 | SEQID NO. 1740
2.120 SEQIDNO.1741 | SEQIDNO.1742 | SEQIDNO.1743 | SEQID NO. 1744
2.121 SEQIDNO.1745 | SEQIDNO.1746 | SEQIDNO.1747 | SEQID NO. 1748
2.122 SEQIDNO. 1749 | SEQIDNO.1750 | SEQIDNO.1751 | SEQID NO. 1752
2.123 SEQIDNO.1753 | SEQIDNO.1754 | SEQIDNO.1755 | SEQIDNO. 1756
2.124 SEQIDNO. 1757 | SEQIDNO.1758 | SEQIDNO.1759 | SEQ ID NO. 1760
2.125 SEQIDNO.1761 | SEQIDNO.1762 | SEQIDNO.1763 | SEQID NO. 1764

Table 2. This shows SEQ ID NOs of family 2 CDR sequences and of family 2 full-length

Vy sequences that are within the scope of the invention. Corresponding sequences are

shown in Figure 2.

In one aspect, the invention relates to a family 2 or family 2-like binding molecule

comprises a human Vy domain comprising a CDR3 sequence comprising SEQ ID NO.

1237 or a sequence with at least 70%, at least 80%, at least 90%, or at least 95%

homology to SEQ ID NO. 1237.

In one embodiment, the family 2 or family 2-like binding molecule comprises at least

one immunoglobulin single domain antibody directed against IL-17RA wherein said

domain is a human Vy domain and wherein said Vy comprises at least one antigen

binding site comprising a CDR3 sequence having SEQ ID NO. 1267 or a sequence

with at least 70%, at least 80%, at least 90%, or at least 95% homology thereto. In one

embodiment, sequence homology is at least 90%.
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In one embodiment, the CDR3 sequence is selected from one of the CDR3 sequences
as shown in table 2 with reference to Fig 2. Thus, the CDRS3 region comprises or
consists of a sequence selected from SEQ ID Nos. 1267, 1271, 1275, 1279, 1283,
1287, 1291, 1295, 1299, 1303, 1307, 1311, 1315, 1319, 1323, 1327, 1331, 1335, 1339,
1343, 1347, 1351, 1355, 1359, 1363, 1367, 1371, 13751379, 1383, 1387, 1391, 1395,
1399, 1403, 1407, 1411, 1415, 1419, 1423, 1427, 1431, 1435, 1439, 1443, 1447, 1451,
1455, 1459, 1463, 1467, 1471, 1475, 1479, 1483, 1487, 1491, 1495, 1499, 1503, 1507,
1511, 1515, 1519, 1523, 1527, 1531, 1535, 1539, 1543,, 1547, 1551, 1555, 1559,
1563, 1567, 1571, 1575, 1579, 1583, 1587, 1591, 1595, 1599, 1603, 1607, 1611, 1615,
1619, 1623, 1627, 1631, 1635, 1639, 1643, 1647, 1651, 1655, 1659, 1663, 1667, 1671,
1675, 1679, 1683, 1687, 1691, 1695, 1699, 1703, 1707, 1711, 1715, 1719, 1723, 1727,
1731, 1735, 1739, 1743, 1747, 1751, 1755, 1759 or 1763.

In one embodiment, the family 2 or family 2-like sequence comprises at least one
antigen binding site comprising hypervariable regions CDR1, CDR2 and CDR3, said
CDR1 comprises or consists of the amino acid sequence SEQ ID NO. 1265 or a
sequence with at least 70%, at least 80%, at least 90%, or at least 95% homology
thereto, said CDR2 comprises or consists of the amino acid sequence SEQ ID NO.
1266 or a sequence with at least 70%, at least 80%, at least 90%, or at least 95%
homology thereto, and said CDR3 comprises or consists of the amino acid sequence
SEQ ID NO. 1267 or a sequence with at least 70%, at least 80%, at least 90%, or at
least 95% homology thereto. For example, the CDR sequence may be a CDR

sequence selected from those shown in Figure 2.

In one embodiment, said CDR1 comprises or consists of the amino acid sequence
SEQ ID NO. 1265 or a sequence with at least 70%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95% 96%, 97%, 98% or 99%
homology thereto. In one embodiment, said CDR2 comprises or consists of the amino
acid sequence SEQ ID NO. 1266 or a sequence with at least 70%, 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95% 96%, 97%,
98% or 99% homology thereto. In one embodiment, said CDR3 comprises or consists
of the amino acid sequence SEQ ID NO. 1267 or a sequence with at least 70%, 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%
96%, 97%, 98% or 99% homology thereto.
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In one embodiment, CDR1 comprises or consists of one of the CDR1 amino acid
sequence listed above in table 2 with reference to Fig. 2, CDR2 comprises or consists
of one of the CDR2 amino acid sequence listed above in table 2 with reference to Fig.
2 and CDR3 comprises or consists of one of the CDR3 amino acid sequence listed
above in table 2 with reference to Fig. 2. In one embodiment, the binding molecule has
combinations of CDR1, CDR2 and CDR3 as shown for clones 2.1 to 2.125 in Figure 2.
In one embodiment, the binding molecule has combinations of CDR1, CDR2 and

CDR3 as shown for clones 2.1 to 2.3 in Figure 2.

In one embodiment, the binding molecule comprises a set of CDR1, CDR2 and CDR3
sequences of a Vy sequence as shown for clones 2.1 to 2.125 in Figure 2. In one
embodiment, the binding molecule has a set of CDR1, CDR2 and CDR3 sequences of

a Vy sequence as shown for clones 2.1 to 2.3 in Figure 2.

Thus, in one embodiment, CDR1 is SEQ ID NO. 1269, CDR2 is SEQ ID NO. 1270 and
CDR3is SEQ ID NO. 1271. In another embodiment, CDR1 is SEQ ID NO. 1272, CDR2
is SEQ ID NO. 1273 and CDR3 is SEQ ID NO. 1274.

In one embodiment, the family 2 or family 2-like binding molecule has a Vy domain that
comprises or consists of SEQ ID NO. 1268 or a sequence with at least 40%, 50%,
60%, 70%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95% 96%, 97%, 98% or 99% homology thereto. CDR sequences of such
sequences are shown in Figure 2. For example, the Vy domain comprises or consists
of one of the Vy amino acid sequences listed above for clones 2.1 to 2.125 in table 2

with reference to figure 2.

Thus, the Vy; domain comprises or consists of a sequence selected from SEQ ID NOs.
1268, 1272, 1276, 1280, 1284, 1288, 1292, 1296, 1300, 1304, 1308, 1312, 1316, 1320
1324, 1328, 1332, 1336, 1340, 1344, 1348, 1352, 1356, 1360, 1364, 1368, 1372, 1376
1380, 1384, 1388, 1392, 1396, 1400, 1404, 1408, 1412, 1416, 1420, 1424, 1428, 1432,
1436, 1440, 1444, 1448, 1452, 1456, 1460, 1464, 1468, 1476, 1480, 1484, 1488, 1492,
1496, 1500, 1504, 1508, 1512, 1516, 1520, 1524, 1528, 1532, 1536, 1540, 1544, 1548,
1552, 1556, 1560, 1564, , 1568, 1572, 1576, 1580, 1584, 1588, 1592, 1596, 1600,
1604, 1608, 1612, 1616, 1620, 1624, 1628, 1632, 1636, 1640, 1644, 1648, 1652, 1656,
1660, 1664, 1668, 1672, 1676, 1680, 1684, 1688, 1692, 1696, 1700,1704, 1708, 1712,
1716

1720, 1724, 1728, 1732, 1736, 1740, 1744, 1748, 1752, 1756, 1760 or 1764.

36



10

15

20

25

30

35

WO 2016/113555 PCT/GB2016/050067

In another embodiment, the V,; domain comprises a sequence selected from one of the
sequences in the forgoing but comprises 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino acid
substitutions. In one embodiment, these are in the framework region. In another
embodiment, these are in the CDRs. In one embodiment, the amino acid substitutions
are in the framework and CDR sequences. In one embodiment, the Vy domain
comprises or consists of SEQ ID NO. 1268 or a sequence which comprises one or
more amino acid substitutions, for example 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino acid
substitutions. For example, Vg domain comprises or consists of a sequence selected
from SEQ ID NO. 1268 or 1272.

In one embodiment, the family 2 or family 2-like binding molecule has a Vy domain that
comprises or consists of SEQ ID NO. 1268 or 1272, or a sequence with at least 40%,
50%, 60%, 70%, 80%, 81%, 82%, 83%, 84%, 85%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 96%, 97%, 98%, 99% homology thereto.

In another aspect, the invention relates to a binding molecule comprising or consisting
of a Vi domain as shown in SEQ ID NO. 1268 or a variant thereof comprising amino
acid substitutions compared to SEQ ID NO. 1268 as follows residue 31 is T, residue 43
isR,54is G, E, K, A, D, residue 55 is S, residue 57 is D, Y, N and/or residue 100 is I.

The family 2 or family 2-like binding molecules have KD, Koff, KA, Kd and ICs, values

as further described herein and as shown in the examples.

In one aspect, the invention relates to an isolated binding molecule capable of binding
human IL-17RA comprising a human heavy chain variable immunoglobulin domain (Vy)

wherein said Vy domain comprises a family 3 or family 3-like sequence.

In one embodiment, the binding molecule comprises or consists of at least one
immunoglobulin single domain antibody directed against IL-17RA, preferably human IL-
17RA, wherein said domain is a human V4 domain and wherein said VH domain
comprises a family 3 or family 3-like sequence. These include the Vy sequence of the
parent clone (clone 3.1) or a part thereof, for example a CDR3 sequence, and Vy
sequences of clones or that are derived from the parent clone 3.1 through a process of
optimization, for example as shown in Figure 3. CDR sequences and full length

sequences of clones in family 3 are numbered according to table 3 as shown below.
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Clone

CDR1 Seq ID No

CDR2 Seq ID
No

CDR3 Seq ID
No

FULL LENGTH Seq ID

No

3.1

Seq ID No 1765

Seq ID No 1766

Seq ID No 1767

Seq ID No 1768

3.2

Seq ID No 1769

Seq ID No 1770

Seq ID No 1771

Seq ID No 1772

3.3

Seq ID No 1773

Seq ID No 1774

Seq ID No 1775

Seq ID No 1776

3.4

Seq ID No 1777

Seq ID No 1778

Seq ID No 1779

Seq ID No 1780

3.5

Seq ID No 1781

Seq ID No 1782

Seq ID No 1783

Seq ID No 1784

3.6

Seq ID No 1785

Seq ID No 1786

Seq ID No 1787

Seq ID No 1788

3.7

Seq ID No 1789

Seq ID No 1790

Seq ID No 1791

Seq ID No 1792

3.8

Seq ID No 1793

Seq ID No 1794

Seq ID No 1795

Seq ID No 1796

3.9

Seq ID No 1797

Seq ID No 1798

Seq ID No 1799

Seq ID No 1800

3.10

Seq ID No 1801

Seq ID No 1802

Seq ID No 1803

Seq ID No 1804

3.11

Seq ID No 1805

Seq ID No 1806

Seq ID No 1807

Seq ID No 1808

3.12

Seq ID No 1809

Seq ID No 1810

Seq ID No 1811

Seq ID No 1812

3.13

Seq ID No 1813

Seq ID No 1814

Seq ID No 1815

Seq ID No 1816

3.14

Seq ID No 1817

Seq ID No 1818

Seq ID No 1819

Seq ID No 1820

3.15

Seq ID No 1821

Seq ID No 1822

Seq ID No 1823

Seq ID No 1824

3.16

Seq ID No 1825

Seq ID No 1826

Seq ID No 1827

Seq ID No 1828

3.17

Seq ID No 1829

Seq ID No 1830

Seq ID No 1831

Seq ID No 1832

3.18

Seq ID No 1833

Seq ID No 1834

Seq ID No 1835

Seq ID No 1836

3.19

Seq ID No 1837

Seq ID No 1838

Seq ID No 1839

Seq ID No 1840

3.20

Seq ID No 1841

Seq ID No 1842

Seq ID No 1843

Seq ID No 1844

3.21

Seq ID No 1845

Seq ID No 1846

Seq ID No 1847

Seq ID No 1848

3.22

Seq ID No 1849

Seq ID No 1850

Seq ID No 1851

Seq ID No 1852

3.23

Seq ID No 1853

Seq ID No 1854

Seq ID No 1855

Seq ID No 1856

3.24

Seq ID No 1857

Seq ID No 1858

Seq ID No 1859

Seq ID No 1860

3.25

Seq ID No 1861

Seq ID No 1862

Seq ID No 1863

Seq ID No 1864

3.26

Seq ID No 1865

Seq ID No 1866

Seq ID No 1867

Seq ID No 1868

3.27

Seq ID No 1869

Seq ID No 1870

Seq ID No 1871

Seq ID No 1872

3.28

Seq ID No 1873

Seq ID No 1874

Seq ID No 1875

Seq ID No 1876

3.29

Seq ID No 1877

Seq ID No 1878

Seq ID No 1879

Seq ID No 1880

3.30

Seq ID No 1881

Seq ID No 1882

Seq ID No 1883

Seq ID No 1884

3.31

Seq ID No 1885

Seq ID No 1886

Seq ID No 1887

Seq ID No 1888

3.32

Seq ID No 1889

Seq ID No 1890

Seq ID No 1891

Seq ID No 1892

3.33

Seq ID No 1893

Seq ID No 1894

Seq ID No 1895

Seq ID No 1896

3.34

Seq ID No 1897

Seq ID No 1898

Seq ID No 1899

Seq ID No 1900

3.35

Seq ID No 1901

Seq ID No 1902

Seq ID No 1903

Seq ID No 1904

3.36

Seq ID No 1905

Seq ID No 1906

Seq ID No 1907

Seq ID No 1908
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3.37

Seq ID No 1909

Seq ID No 1910

Seq ID No 1911

Seq ID No 1912

3.38

Seq ID No 1913

Seq ID No 1914

Seq ID No 1915

Seq ID No 1916

3.39

Seq ID No 1917

Seq ID No 1918

Seq ID No 1919

Seq ID No 1920

3.40

Seq ID No 1921

Seq ID No 1922

Seq ID No 1923

Seq ID No 1924

341

Seq ID No 1925

Seq ID No 1926

Seq ID No 1927

Seq ID No 1928

3.42

Seq ID No 1929

Seq ID No 1930

Seq ID No 1931

Seq ID No 1932

3.43

Seq ID No 1933

Seq ID No 1934

Seq ID No 1935

Seq ID No 1936

3.44

Seq ID No 1937

Seq ID No 1938

Seq ID No 1939

Seq ID No 1940

3.45

Seq ID No 1941

Seq ID No 1942

Seq ID No 1943

Seq ID No 1944

3.46

Seq ID No 1945

Seq ID No 1946

Seq ID No 1947

Seq ID No 1948

3.47

Seq ID No 1949

Seq ID No 1950

Seq ID No 1951

Seq ID No 1952

3.48

Seq ID No 1953

Seq ID No 1954

Seq ID No 1955

Seq ID No 1956

3.49

Seq ID No 1957

Seq ID No 1958

Seq ID No 1959

Seq ID No 1960

3.50

Seq ID No 1961

Seq ID No 1962

Seq ID No 1963

Seq ID No 1964

3.51

Seq ID No 1965

Seq ID No 1966

Seq ID No 1967

Seq ID No 1968

3.52

Seq ID No 1969

Seq ID No 1970

Seq ID No 1971

Seq ID No 1972

3.53

Seq ID No 1973

Seq ID No 1974

Seq ID No 1975

Seq ID No 1976

3.54

Seq ID No 1977

Seq ID No 1978

Seq ID No 1979

Seq ID No 1980

3.55

Seq ID No 1981

Seq ID No 1982

Seq ID No 1983

Seq ID No 1984

3.56

Seq ID No 1985

Seq ID No 1986

Seq ID No 1987

Seq ID No 1988

3.57

Seq ID No 1989

Seq ID No 1990

Seq ID No 1991

Seq ID No 1992

3.58

Seq ID No 1993

Seq ID No 1994

Seq ID No 1995

Seq ID No 1996

3.59

Seq ID No 1997

Seq ID No 1998

Seq ID No 1999

Seq ID No 2000

3.60

Seq ID No 2001

Seq ID No 2002

Seq ID No 2003

Seq ID No 2004

3.61

Seq ID No 2005

Seq ID No 2006

Seq ID No 2007

Seq ID No 2008

3.62

Seq ID No 2009

Seq ID No 2010

Seq ID No 2011

Seq ID No 2012

3.63

Seq ID No 2013

Seq ID No 2014

Seq ID No 2015

Seq ID No 2016

3.64

Seq ID No 2017

Seq ID No 2018

Seq ID No 2019

Seq ID No 2020

3.65

Seq ID No 2021

Seq ID No 2022

Seq ID No 2023

Seq ID No 2024

3.66

Seq ID No 2025

Seq ID No 2026

Seq ID No 2027

Seq ID No 2028

3.67

Seq ID No 2029

Seq ID No 2030

Seq ID No 2031

Seq ID No 2032

3.68

Seq ID No 2033

Seq ID No 2034

Seq ID No 2035

Seq ID No 2036

3.69

Seq ID No 2037

Seq ID No 2038

Seq ID No 2039

Seq ID No 2040

3.70

Seq ID No 2041

Seq ID No 2042

Seq ID No 2043

Seq ID No 2044

3.71

Seq ID No 2045

Seq ID No 2046

Seq ID No 2047

Seq ID No 2048

3.72

Seq ID No 2049

Seq ID No 2050

Seq ID No 2051

Seq ID No 2052

3.73

Seq ID No 2053

Seq ID No 2054

Seq ID No 2055

Seq ID No 2056

3.74

Seq ID No 2057

Seq ID No 2058

Seq ID No 2059

Seq ID No 2060
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3.75 Seq ID No 2061 Seq ID No 2062 | Seq ID No 2063 | Seq ID No 2064
3.76 Seq ID No 2065 Seq ID No 2066 | Seq ID No 2067 | Seq ID No 2068
3.77 Seq ID No 2069 Seq ID No 2070 | Seq ID No 2071 | Seq ID No 2072
3.78 Seq ID No 2073 Seq ID No 2074 | Seq ID No 2075 | Seq ID No 2076
3.79 Seq ID No 2077 Seq ID No 2078 | Seq ID No 2079 | Seq ID No 2080
3.80 Seq ID No 2081 Seq ID No 2082 | Seq ID No 2083 | Seq ID No 2084
3.81 Seq ID No 2085 Seq ID No 2086 | Seq ID No 2087 | Seq ID No 2088
3.82 Seq ID No 2089 Seq ID No 2090 | Seq ID No 2091 | Seq ID No 2092
3.83 Seq ID No 2093 Seq ID No 2094 | Seq ID No 2095 | Seq ID No 2096
3.84 Seq ID No 2097 Seq ID No 2098 | Seq ID No 2099 | Seq ID No 2100
3.85 Seq ID No 2101 Seq ID No 2102 | Seq ID No 2103 | Seq ID No 2104
3.86 Seq ID No 2105 Seq ID No 2106 | Seq ID No 2107 | Seq ID No 2108
3.87 Seq ID No 2109 Seq ID No 2110 | Seq ID No 2111 | Seq ID No 2112
3.88 Seq ID No 2113 SeqID No 2114 | Seq ID No 2115 | Seq ID No 2116
3.89 Seq ID No 2117 Seq ID No 2118 | Seq ID No 2119 | Seq ID No 2120
3.90 Seq ID No 2121 Seq ID No 2122 | Seq ID No 2123 | Seq ID No 2124
3.91 Seq ID No 2125 Seq ID No 2126 | Seq ID No 2127 | Seq ID No 2128

Table 3. This shows SEQ ID NOs of family 3-like CDR sequences and of family full
length Vy; sequences that are within the scope of the invention. Corresponding

sequences are shown in Figure 3.

In one aspect, the invention relates to a family 3-like binding molecule comprises a
human Vy domain comprising a CDR3 sequence comprising SEQ ID NO. 1767 or a
sequence with at least 70%, at least 80%, at least 90%, or at least 95% homology

thereto.

In one embodiment, the family 3 or family 3-like binding molecule comprises at least
one immunoglobulin single domain antibody directed against IL-17RA wherein said
domain is a human Vy domain and wherein said Vy comprises at least one antigen
binding site comprising a CDR3 sequence having SEQ ID NO. 1767 or a sequence
with at least 70%, at least 80%, at least 90%, or at least 95% homology thereto. In one

embodiment, sequence homology is at least 90%.

In one embodiment, the CDR3 sequence is selected from one of the CDR3 sequences
as shown in table 3 with reference to Fig 3. Thus, the CDR3 region comprises or
consists of a sequence selected form SEQ ID Nos 1767, 1771, 1775, 1779, 1787,
1791, 1795, 1799, 1803, 1807, 1811, 1815, 1819, 1823, 1827, 1831, 1835, 1839, 1843,
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1847, 1851, 1855, 1859, 1863, 1867, 1871, 1875, 1879, 1883, 1887, 1891, 1895, 1899,
1903, , 1907, 1911, 1915, 1919, 1923, 1927, 1931, 1935, 1939, 1943, 1947, 1951,
1955, 1963, 1967, 1971, 1975, 1979, 1983, 1987, 1991, 1995, 1999, 2003, 2007,
2011, 2015, 2019, 2027, 2031, 2035, 2039, 2043, 2047, 2051, 2055, 2059, 2063, 2067,
2071, 2075, 2079, 2083, 2087, 2091, 2095, 2099, 2103, 2107, 2111, 2115, 2119, 2123
or 2127.

In one embodiment, the family 3-like sequence comprises at least one antigen binding
site comprising hypervariable regions CDR1, CDR2 and CDRS3, said CDR1 comprises
or consists of the amino acid sequence SEQ ID NO. 1765 or a sequence with at least
at least 70%, at least 80%, at least 90%, at least 95% homology thereto, said CDR2
comprises or consists of the amino acid sequence SEQ ID NO. 1766 or a sequence
with at least 70%, at least 80%, at least 90%, at least 95% homology thereto, and said
CDR3 comprises or consists of the amino acid sequence SEQ ID NO. 1767 or a
sequence with at least 70%, at least 80%, at least 90%, at least 95% homology thereto.
For example, the CDR sequence may be a sequence selected from those shown in

figure 3.

In one embodiment, said CDR1 comprises or consists of the amino acid sequence as
shown in SEQ ID NO. 1765 or a sequence with at least 70%, 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95% 96%, 97%, 98%
or 99% homology thereto. In one embodiment, said CDR2 comprises or consists of the
amino acid sequence as shown in SEQ ID NO. 1766 or a sequence with at least 70%,
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95% 96%, 97%, 98% or 99% homology thereto. In one embodiment, said CDR3
comprises or consists of the amino acid sequence as shown in SEQ ID NO. 1767 or a
sequence with at least 70%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95% 96%, 97%, 98% or 99% homology thereto.

In one embodiment, CDR1 comprises or consists of one of the CDR1 amino acid
sequence listed above in table 3 with reference to Fig. 3, CDR2 comprises or consists
of one of the CDR2 amino acid sequence listed above in table 3 with reference to Fig.
3 and CDR3 comprises or consists of one of the CDR3 amino acid sequence listed
above in table 3 with reference to Fig. 3. In one embodiment, the binding molecule has
combinations of CDR1, CDR2 and CDRS3 as shown for clones 3.1 to 3.91 in Figure 3.
In one embodiment, the binding molecule comprises a set of CDR1, CDR2 and CDR3

sequences of a Vy sequence as shown for clones 3.1 to 3.91 in Figure 3. In one
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embodiment, the binding molecule has a set of CDR1, CDR2 and CDR3 sequences of

a Vy sequence as shown for clones 3.1 in Figure 3.

In one embodiment, CDR1 is SEQ ID NO. 1765, CDR2 is SEQ ID No. 1766 and CDR3
is SEQ ID NO. 1767.

In one embodiment, the family 3 or family 3-like binding molecule has a Vy domain that
comprises or consists of SEQ ID NO. 1768 or a sequence with at least 40%, 50%,
60%, 70%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95% 96%, 97%, 98% or 99% homology thereto. CDR sequences of such
sequences are shown in Figure 3. For example, the Vy domain comprises or consists
of one of the Vi, amino acid sequences listed above for clones 3.1 to 3.91 in table 3
with reference to figure 3. In one embodiment, the V,, sequence is selected from 1768,
1772, 1776, 1780, 1784, 1788, 1792, 1796, 1800, 1804, 1808, 1812, 1816, 1820, 1824,
1828, 1832, 1836, 1840, 1844, 1848, 1852, 1856, 1860, 1864, 1868, 1876, 1880, 1884,
1888, 1892, 1896, 1900, 1904, 1908, 1912, 1916, 1920, 1924, 1928, 1932, 1936, 1940,
1944, 1948, 1956, 1964, 1968, 1972, 1976, 1980, 1984, 1988, 1992, 1996, 2000, 2004,
2008, 2012, 2016, 2020, 2024, 2028, 2032, 2036, 2040, 2044, 2048, 2052, 2056, 2060,
2064, 2068, 2072, 2084, 2088, 2092, 2096, 2100, 2104, 2108, 2112, 2116, 2120 or
2128.

In another embodiment, the V,; domain comprises a sequence selected from one of the
sequences in the forgoing but comprises 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino acid
substitutions. In one embodiment, these are in the framework region. In another
embodiment, these are in the CDRs. In one embodiment, the amino acid substitutions
are in the framework and CDR sequences. In one embodiment, the V, domain
comprises or consists of SEQ ID NO. 1767 or a sequence which comprises one or
more amino acid substitutions, for example 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino acid

substitutions.

In another aspect, the invention relates to a binding molecule comprising or consisting
of a Vi domain as shown in SEQ ID NO. 1768 or a variant thereof comprising amino
acid substitutions compared to SEQ ID NO. 1768 as follows: residue 1 is Q, residue 31
is S, residue 36 is S, T, residue 51 is M, residue 52 is K, residue 53 is H, E, residue 59
is Q, N, residue 99 is A, residue 100 is W, residue 101 is S, residue 102 is G and/or
residue 106 is D.
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The family 3 or family 3-like binding molecules have KD, Koff, KA, Kd and ICs, values

as further described herein and as shown in the examples.

In one aspect, the invention relates to a binding molecule capable of binding human IL-
17RA comprising a human Vy domain wherein said Vy domain comprises a family 4 or

family 4-like sequence.

In one embodiment, the binding molecule comprises or consists of at least one
immunoglobulin single domain antibody directed against IL-17RA, preferably human IL-
17RA, wherein said domain is a human V4 domain and wherein said V4 domain
comprises a family 4 or family 4-like sequence. These include the Vy sequence of the
parent clone (clone 4.1, Seq ID No 2132) or a part thereof, for example a CDRS3
sequence, and Vy sequences of clones or parts thereof that are derived from the
parent clone 4.1 through a process of optimization, for example as shown in Figure 4.

CDR sequences and full length sequences of clones in family 4 are numbered

according to table 4 as shown below.

CLONE CDR1 CDR2 CDR3 FULL LENGTH
41 Seq ID No 2129 | Seq ID No 2130 | Seq ID No 2131 | Seq ID No 2132
4.2 Seq ID No 2133 | Seq ID No 2134 | Seq ID No 2135 | Seq ID No 2136
4.3 Seq ID No 2137 | Seq ID No 2138 | Seq ID No 2139 | Seq ID No 2140
4.4 Seq ID No 2141 | Seq ID No 2142 | Seq ID No 2143 | Seq ID No 2144
4.5 Seq ID No 2145 | Seq ID No 2146 | Seq ID No 2147 | Seq ID No 2148
4.6 Seq ID No 2149 | Seq ID No 2150 | Seq ID No 2151 | Seq ID No 2152
4.7 Seq ID No 2153 | Seq ID No 2154 | Seq ID No 2155 | Seq ID No 2156
4.8 Seq ID No 2157 | Seq ID No 2158 | Seq ID No 2159 | Seq ID No 2160
49 Seq ID No 2161 | Seq ID No 2162 | Seq ID No 2163 | Seq ID No 2164
4.10 Seq ID No 2165 | Seq ID No 2166 | Seq ID No 2167 | Seq ID No 2168
411 Seq ID No 2169 | Seq ID No 2170 | Seq ID No 2171 | Seq ID No 2172
412 Seq ID No 2173 | Seq ID No 2174 | Seq ID No 2175 | Seq ID No 2176
413 Seq ID No 2177 | Seq ID No 2178 | Seq ID No 2179 | Seq ID No 2180
414 Seq ID No 2181 | Seq ID No 2182 | Seq ID No 2183 | Seq ID No 2184
4.15 Seq ID No 2185 | Seq ID No 2186 | Seq ID No 2187 | Seq ID No 2188
4.16 Seq ID No 2189 | Seq ID No 2190 | Seq ID No 2191 | Seq ID No 2192
417 Seq ID No 2193 | Seq ID No 2194 | Seq ID No 2195 | Seq ID No 2196
418 Seq ID No 2197 | Seq ID No 2198 | Seq ID No 2199 | Seq ID No 2200
4.19 Seq ID No 2201 | Seq ID No 2202 | Seq ID No 2203 | Seq ID No 2204
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4.20

Seq ID No 2205

Seq ID No 2206

Seq ID No 2207

Seq ID No 2208

4.21

Seq ID No 2209

Seq ID No 2210

Seq ID No 2211

Seq ID No 2212

4.22

Seq ID No 2213

Seq ID No 2214

Seq ID No 2215

Seq ID No 2216

4.23

Seq ID No 2217

Seq ID No 2218

Seq ID No 2219

Seq ID No 2220

4.24

Seq ID No 2221

Seq ID No 2222

Seq ID No 2223

Seq ID No 2224

4.25

Seq ID No 2225

Seq ID No 2226

Seq ID No 2227

Seq ID No 2228

4.26

Seq ID No 2229

Seq ID No 2230

Seq ID No 2231

Seq ID No 2232

4.27

Seq ID No 2233

Seq ID No 2234

Seq ID No 2235

Seq ID No 2236

4.28

Seq ID No 2237

Seq ID No 2238

Seq ID No 2239

Seq ID No 2240

4.29

Seq ID No 2241

Seq ID No 2242

Seq ID No 2243

Seq ID No 2244

4.30

Seq ID No 2245

Seq ID No 2246

Seq ID No 2247

Seq ID No 2248

4.31

Seq ID No 2249

Seq ID No 2250

Seq ID No 2251

Seq ID No 2252

4.32

Seq ID No 2253

Seq ID No 2254

Seq ID No 2255

Seq ID No 2256

4.33

Seq ID No 2257

Seq ID No 2258

Seq ID No 2259

Seq ID No 2260

4.34

Seq ID No 2261

Seq ID No 2262

Seq ID No 2263

Seq ID No 2264

4.35

Seq ID No 2265

Seq ID No 2266

Seq ID No 2267

Seq ID No 2268

4.36

Seq ID No 2269

Seq ID No 2270

Seq ID No 2271

Seq ID No 2272

4.37

Seq ID No 2273

Seq ID No 2274

Seq ID No 2275

Seq ID No 2276

4.38

Seq ID No 2277

Seq ID No 2278

Seq ID No 2279

Seq ID No 2280

4.39

Seq ID No 2281

Seq ID No 2282

Seq ID No 2283

Seq ID No 2284

4.40

Seq ID No 2285

Seq ID No 2286

Seq ID No 2287

Seq ID No 2288

4.41

Seq ID No 2289

Seq ID No 2290

Seq ID No 2291

Seq ID No 2292

4.42

Seq ID No 2293

Seq ID No 2294

Seq ID No 2295

Seq ID No 2296

4.43

Seq ID No 2297

Seq ID No 2298

Seq ID No 2299

Seq ID No 2300

4.44

Seq ID No 2301

Seq ID No 2302

Seq ID No 2303

Seq ID No 2304

4.45

Seq ID No 2305

Seq ID No 2306

Seq ID No 2307

Seq ID No 2308

4.46

Seq ID No 2309

Seq ID No 2310

Seq ID No 2311

Seq ID No 2312

4.47

Seq ID No 2313

Seq ID No 2314

Seq ID No 2315

Seq ID No 2316

4.48

Seq ID No 2317

Seq ID No 2318

Seq ID No 2319

Seq ID No 2320

4.49

Seq ID No 2321

Seq ID No 2322

Seq ID No 2323

Seq ID No 2324

4.50

Seq ID No 2325

Seq ID No 2326

Seq ID No 2327

Seq ID No 2328

4.51

Seq ID No 2329

Seq ID No 2330

Seq ID No 2331

Seq ID No 2332

4.52

Seq ID No 2333

Seq ID No 2334

Seq ID No 2335

Seq ID No 2336

4.53

Seq ID No 2337

Seq ID No 2338

Seq ID No 2339

Seq ID No 2340

4.54

Seq ID No 2341

Seq ID No 2342

Seq ID No 2343

Seq ID No 2344

4.55

Seq ID No 2345

Seq ID No 2346

Seq ID No 2347

Seq ID No 2348

4.56

Seq ID No 2349

Seq ID No 2350

Seq ID No 2351

Seq ID No 2352

4.57

Seq ID No 2353

Seq ID No 2354

Seq ID No 2355

Seq ID No 2356
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4.58

Seq ID No 2357

Seq ID No 2358

Seq ID No 2359

Seq ID No 2360

4.59

Seq ID No 2361

Seq ID No 2362

Seq ID No 2363

Seq ID No 2364

4.60

Seq ID No 2365

Seq ID No 2366

Seq ID No 2367

Seq ID No 2368

4.61

Seq ID No 2369

Seq ID No 2370

Seq ID No 2371

Seq ID No 2372

4.62

Seq ID No 2373

Seq ID No 2374

Seq ID No 2375

Seq ID No 2376

4.63

Seq ID No 2377

Seq ID No 2378

Seq ID No 2379

Seq ID No 2380

4.64

Seq ID No 2381

Seq ID No 2382

Seq ID No 2383

Seq ID No 2384

4.65

Seq ID No 2385

Seq ID No 2386

Seq ID No 2387

Seq ID No 2388

4.66

Seq ID No 2389

Seq ID No 2390

Seq ID No 2391

Seq ID No 2392

4.67

Seq ID No 2393

Seq ID No 2394

Seq ID No 2395

Seq ID No 2396

4.68

Seq ID No 2397

Seq ID No 2398

Seq ID No 2399

Seq ID No 2400

4.69

Seq ID No 2401

Seq ID No 2402

Seq ID No 2403

Seq ID No 2404

4.70

Seq ID No 2405

Seq ID No 2406

Seq ID No 2407

Seq ID No 2408

4.71

Seq ID No 2409

Seq ID No 2410

Seq ID No 2411

Seq ID No 2412

4.72

Seq ID No 2413

Seq ID No 2414

Seq ID No 2415

Seq ID No 2416

4.73

Seq ID No 2417

Seq ID No 2418

Seq ID No 2419

Seq ID No 2420

4.74

Seq ID No 2421

Seq ID No 2422

Seq ID No 2423

Seq ID No 2424

4.75

Seq ID No 2425

Seq ID No 2426

Seq ID No 2427

Seq ID No 2428

4.76

Seq ID No 2429

Seq ID No 2430

Seq ID No 2431

Seq ID No 2432

4.77

Seq ID No 2433

Seq ID No 2434

Seq ID No 2435

Seq ID No 2436

4.78

Seq ID No 2437

Seq ID No 2438

Seq ID No 2439

Seq ID No 2440

4.79

Seq ID No 2441

Seq ID No 2442

Seq ID No 2443

Seq ID No 2444

4.80

Seq ID No 2445

Seq ID No 2446

Seq ID No 2447

Seq ID No 2448

4.81

Seq ID No 2449

Seq ID No 2450

Seq ID No 2451

Seq ID No 2452

4.82

Seq ID No 2453

Seq ID No 2454

Seq ID No 2455

Seq ID No 2456

4.83

Seq ID No 2457

Seq ID No 2458

Seq ID No 2459

Seq ID No 2460

4.84

Seq ID No 2461

Seq ID No 2462

Seq ID No 2463

Seq ID No 2464

4.85

Seq ID No 2465

Seq ID No 2466

Seq ID No 2467

Seq ID No 2468

4.86

Seq ID No 2469

Seq ID No 2470

Seq ID No 2471

Seq ID No 2472

4.87

Seq ID No 2473

Seq ID No 2474

Seq ID No 2475

Seq ID No 2476

4.88

Seq ID No 2477

Seq ID No 2478

Seq ID No 2479

Seq ID No 2480

4.89

Seq ID No 2481

Seq ID No 2482

Seq ID No 2483

Seq ID No 2484

4.90

Seq ID No 2485

Seq ID No 2486

Seq ID No 2487

Seq ID No 2488

4.91

Seq ID No 2489

Seq ID No 2490

Seq ID No 2491

Seq ID No 2492

4.92

Seq ID No 2493

Seq ID No 2494

Seq ID No 2495

Seq ID No 2496

4.93

Seq ID No 2497

Seq ID No 2498

Seq ID No 2499

Seq ID No 2500

4.94

Seq ID No 2501

Seq ID No 2502

Seq ID No 2503

Seq ID No 2504

4.95

Seq ID No 2505

Seq ID No 2506

Seq ID No 2507

Seq ID No 2508
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4.96 Seq ID No 2509 | Seq ID No 2510 | Seq ID No 2511 | Seq ID No 2512
4.97 Seq ID No 2513 | Seq ID No 2514 | Seq ID No 2515 | Seq ID No 2516
4,98 Seq ID No 2517 | Seq ID No 2518 | Seq ID No 2519 | Seq ID No 2520
4.99 Seq ID No 2521 | Seq ID No 2522 | Seq ID No 2523 | Seq ID No 2524
4.100 Seq ID No 2525 | Seq ID No 2526 | Seq ID No 2527 | Seq ID No 2528
4101 Seq ID No 2529 | Seq ID No 2530 | Seq ID No 2531 | Seq ID No 2532
4102 Seq ID No 2533 | Seq ID No 2534 | Seq ID No 2535 | Seq ID No 2536
4103 Seq ID No 2537 | Seq ID No 2538 | Seq ID No 2539 | Seq ID No 2540
4.104 Seq ID No 2541 | Seq ID No 2542 | Seq ID No 2543 | Seq ID No 2544
4,105 Seq ID No 2545 | Seq ID No 2546 | Seq ID No 2547 | Seq ID No 2548
4,106 Seq ID No 2549 | Seq ID No 2550 | Seq ID No 2551 | Seq ID No 2552
4107 Seq ID No 2553 | Seq ID No 2554 | Seq ID No 2555 | Seq ID No 2556

Table 4. Family 4 CDR sequences and V sequences that are within the scope of the

invention. Corresponding sequences are shown in figure 4.

In one aspect of the invention, the family 4 or family 4-like binding molecule comprises
a human Vy domain comprising a hypervariable region CDR3 said CDR3 having the
amino acid sequence SEQ ID NO. 2131, or a sequence having at least 70%, at least
80%, at least 90%, or at least 95% homology to SEQ ID NO. 2131.

In one embodiment, the family 4 or family 4-like binding molecule comprises a binding
molecule comprising or consisting of at least one immunoglobulin single domain
antibody directed against IL-17R wherein said domain is a human V4 domain and
wherein said Vy domain comprises hypervariable region CDR3 said CDR3 having the
amino acid sequence SEQ ID NO. 2131, or a sequence having at least 70%, at least
80%, at least 90%, or at least 95% homology thereto. In one embodiment, sequence

homology is at least 90%.

In one embodiment, the CDR3 region is selected from one of the CDR3 sequence as
shown in table 4 with reference to figure 4. Thus, the CDR3 sequence is selected from
SEQ ID Nos: 2131, 2135, 2139, 2143, 2147, 2151, 2155, 2159, 2163, 2167, 2171,
2175, 2179, 2183, 2187, 2191, 2195, 2199, 2203, 2207, 2211, 2215, 2219, 2223, 2227,
2231, 2235, 2239, 2243, 2247, 2251, 2255, 2259, 2263, 2267, 2271, 2275, 2279, 2283,
2287, 2291, 2295, 2299, 2303, 2307, 2311, 2315, 2319, 2323, 2327, 2331, 2335, 2339,
2343, 2347, 2351, 2355, 2359, 2363, 2367, 2371, 2375, 2379, 2383, 2387, 2391, 2395,
2399, 2403, 2407, 2411, 2415, 2419, 2423, 2427, 2435, 2439, 2443, 2447, 2451, 2455,

46



10

15

20

25

30

35

WO 2016/113555 PCT/GB2016/050067

2459, 2463, 2467, 2471, 2475, 2479, 2483, 2487, 2491, 2495, 2499, 2503, 2507, 2511,
2515, 2519, 2523, 2527, 2531, 2535, 2539, 2543, 2551 or 2555.

In one embodiment, the family 4 or family 4-like binding molecule comprises at least
one antigen binding site comprising hypervariable regions CDR1, CDR2 and CDR3,
said CDR1 comprises or consists of the amino acid sequence SEQ ID NO. 2129 or a
sequence with at least 70%, at least 80%, at least 90%, or at least 95% homology
thereto, said CDR2 comprises or consists of the amino acid sequence SEQ ID NO.
2130 or a sequence with at least 70%, at least 80%, at least 90%, or at least 95%
homology thereto, and said CDR3 comprises or consists of the amino acid sequence
SEQ ID NO. 2131, or a sequence with at least 70%, at least 80%, at least 90%, or at
least 95% homology thereto. For example, the CDR sequence may be a CDR

sequence selected form those shown in Figure 4.

In one embodiment, said CDR1 comprises or consists of the amino acid sequence as
shown in SEQ ID NO. 2129 or a sequence with at least 70%, 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95% 96%, 97%, 98%
or 99% homology thereto. In one embodiment, said CDR2 comprises or consists of the
amino acid sequence as shown in SEQ ID NO. 2130 or a sequence with at least 70%,
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95% 96%, 97%, 98% or 99% homology thereto. In one embodiment, said CDR3
comprises or consists of the amino acid sequence as shown in SEQ ID NO. 2131 or a
sequence with at least 70%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95% 96%, 97%, 98% or 99% homology thereto.

In one embodiment, CDR1 comprises or consists of one of the CDR1 amino acid
sequence listed above in table 4 with reference to Fig. 4, CDR2 comprises or consists
of one of the CDR2 amino acid sequence listed above in table 4 with reference to Fig.
4 and CDR3 comprises or consists of one of the CDR3 amino acid sequence listed
above in table 4 with reference to Fig. 4. In one embodiment, the binding molecule has
combinations of CDR1, CDR2 and CDRS3 as shown for clones 4.1 to 4.107 in Figure 4.
In one embodiment, the binding molecule comprises a set of CDR1, CDR2 and CDR2
sequences of a Vy sequence as shown for clones 4.1 to 4.107 in Figure 4. In one
embodiment, the binding molecule has a set of CDR1, CDR2 and CDR2 sequences of

a Vy sequence as shown for clone 4.1 in Figure 4.

47



10

15

20

25

30

35

WO 2016/113555 PCT/GB2016/050067

In one embodiment, the family 4 or family 4-like binding molecule has a Vy domain that
comprises or consists of SEQ ID NO. 2132 or a sequence with at least 50%, 60%,
70%, 80%, 81%, 82%, 83%, 84%, 85%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
96%, 97%, 98%, 99% homology thereto. CDR sequences of such Vy sequences are
shown in Figure 4. For example, the Vy domain comprises or consists of one of the Vy
amino acid sequences listed above for clones 41.1 to 4.107 in figure 4 and table 4.
Thus, the V,, sequence comprises or consists of a Vi sequence selected from SEQ ID
NOs. 2132, 2136, 2140, 2144, 2148, 2152, 2156, 2160, 2164, 2168, 2172, 2184, 2188,
2192, 2196, 2200, 2204, 2208, 2212, 2216, 2220, 2224, 2228, 2232, 2236, 2240, 2244,
2248, 2252, 2256, 2260, 2264, 2268, 2272, 2276, 2280, 2284, 2288, 2292, 2300,
2304, 2308, 2312, 2316, , 2320, 2324, 2328, 2332, 2336, 2340, 2344, 2348, 2352,
2356, 2360, 2364, 2368, 2372, 2376, 2380, 2384, 2388, 2392, 2396, 2400, 2404, 2408,
2412, 2416, 2420, 2424, 2428, 2432, 2436, 2440, 2444, 2452, 2456, 2460, 2468, 2472,
2476, 2480, 2484, 2488, 2492, 2496, 2500, 2504, 2508, 2512, 2516, 2520, 2524, 2528,
2532, 2536, 2540, 2544, 2548, 2552 or 2556.

In another embodiment, the V,; domain comprises a sequence selected from one of the
sequences in the forgoing, but comprises 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino acid
substitutions. In one embodiment, these are in the framework region. In another
embodiment, these are in the CDR. In one embodiment, the amino acid substitutions
are in the framework and CDR sequences. In one embodiment, the V, domain
comprises or consists of SEQ ID NO. 2132 or a sequence which comprises one or
more amino acid substitutions, for example 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino acid

substitutions.

In another aspect, the invention relates to a binding molecule comprising or consisting
of a Vi domain as shown in SEQ ID NO. 2132 or a variant thereof comprising amino
acid substitutions compared to SEQ ID NO. 2132 as follows residue 5 is Q, residue 10
is G, residue 28 is T, residue 31 is S, G, residue 32 is H, residue 33 is |,G, V, residue
37 is V, M, residue 51 is |, residue 54 is N, K, E, residue 55 is N, residue 61 is S, T,
residue 66 is D, residue 100 is D, residue 101 is S, F, residue 102 is G, residue 103 is
S and/or residue 106 is Q, T.

The family 4 or family 4-like binding molecules have KD, Koff, KA, Kd and ICs, values

as further described herein and as shown in the examples.
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In one aspect, the invention relates to a binding molecule capable of binding human IL-
17RA comprising a human Vy domain wherein said Vy domain comprises a family 5 or

family 5-like sequence.

In one embodiment, the binding molecule comprises or consists of at least one
immunoglobulin single domain antibody directed against IL-17RA, preferably human IL-
17RA, wherein said domain is a human V4 domain and wherein said V4 domain
comprises a family 5 or family 5-like sequence. These include the Vy sequence of the
parent clone (clone 5.1; SEQ ID NO. 2560) or a part thereof, for example a CDR3
sequence, and Vy sequences of clones that are derived from the parent clone 5.1

through a process of optimization, for example as shown in Figure 5.

CDR sequences and full length sequences of clones in family 5 are numbered

according to table 5 as shown below.

Clone Full length  VH
name CDR1 SEQ ID | CDR2 SEQ ID | CDR3 SEQ ID | sequence SEQ ID

NO. NO. NO. NO.
5.1 SEQ ID NO.|SEQ ID NO.|SEQ ID NO.

2557 2558 2559 SEQ ID NO. 2560
52 SEQ ID NO.|SEQ ID NO.|SEQ ID NO.

2561 2562 2563 SEQ ID NO. 2564
53 SEQ ID NO.|SEQ ID NO.|SEQ ID NO.

2565 2566 2567 SEQ ID NO. 2568
54 SEQ ID NO.|SEQ ID NO.|SEQ ID NO.

2569 2570 2571 SEQ ID NO. 2572

Table 5: Family 5 CDR sequences and V; sequences that are within the scope of the

invention. Corresponding sequences are shown in figure 5.

In one aspect of the invention, the family 5 or family 5-like binding molecule comprises
a human Vy domain comprising a CDR3 sequence comprising amino acid sequence
SEQ ID NO. 2559, or a sequence having at least 70%, at least 80%, at least 90%, or at

least 95% homology thereto.

In one embodiment, the family 5 or family 5-like binding molecule comprises at least
one immunoglobulin single domain antibody directed against IL-17R wherein said
domain is a human Vg domain and wherein said Vy comprises at least one antigen

binding site comprising hypervariable region CDR3 said CDR3 having the amino acid
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sequence SEQ ID NO. 2559, or a sequence having at least 70%, at least 80%, at least
90%, or at least 95% homology thereto.

In one embodiment, the homology is at least 90%.

In one embodiment, the CDR3 sequence is selected from one of the CDR3 sequences
as shown in table 5 with reference to Figure 5. Thus, the CDR3 sequence is selected
from 2559, 2563, 2567 or 2571.

In one embodiment, the family 5 or family 5-like sequence comprises a binding
molecule comprising hypervariable regions CDR1, CDR2 and CDRS3, said CDR1
comprises or consists of the amino acid sequence SEQ ID NO. 2557 or a sequence
with at least 70%, at least 80%, at least 90%, or at least 95% homology thereto, said
CDR2 comprises or consists of the amino acid sequence SEQ ID NO. 2558 or a
sequence with at least 70%, at least 80%, at least 90%, or at least 95% homology
thereto, and said CDR3 comprises or consists of the amino acid sequence SEQ ID NO.
2559, or a sequence with at least 70%, at least 80%, at least 90%, or at least 95%
homology thereto. For example, the CDR sequence may be a CDR sequence selected

from those shown in Figure 5.

In one embodiment, said CDR1 comprises or consists of the amino acid sequence as
shown in SEQ ID NO. 2557 or a sequence with at least 70%, 80%, 81%, 82%, 83%,
84%, 85%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 96%, 97%, 98%, 99%
homology thereto. In one embodiment, said CDR2 comprises or consists of the amino
acid sequence as shown in SEQ ID NO. 2558 or a sequence with at least 70%, 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%
96%, 97%, 98% or 99% homology thereto. In one embodiment, said CDR3 comprises
or consists of the amino acid sequence as shown in SEQ ID NO. 2559 or a sequence
with at least 70%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95% 96%, 97%, 98% or 99% homology thereto.

In one embodiment, CDR1 comprises or consists of one of the CDR1 amino acid
sequence listed above in table 5 with reference to Fig. 5, CDR2 comprises or consists
of one of the CDR2 amino acid sequence listed above in table 5 with reference to Fig.
5 and CDR3 comprises or consists of one of the CDR3 amino acid sequence listed
above in table 5 with reference to Fig. 5. In one embodiment, the binding molecule has
combinations of CDR1, CDR2 and CDR3 as shown for clones 5.1 to 5.4 in Figure 5. In
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one embodiment, the binding molecule comprises a set of CDR1, CDR2 and CDR3

sequences of a Vy sequence as shown for clones 5.1 to 5.4 in Figure 5.

In one embodiment, the family 5 or family 5-like binding molecule has a Vy domain that
comprises or consists of SEQ ID NO. 2560 or a sequence with at least 40%, 50%,
60%, 70%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95% 96%, 97%, 98% or 99% homology thereto. Thus, the Vy comprises or
consist of a V4 selected form SEQ ID Nos. 2560, 2564, 2568 or 2572. In another
embodiment, the Vy domain comprises a sequence selected from one of the
sequences in the forgoing but comprises 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino acid
substitutions. In one embodiment, these are in the framework region. In another
embodiment, these are in the CDRs. In one embodiment, the amino acid substitutions
are in the framework and CDR sequences. In one embodiment, the V, domain
comprises or consists of SEQ ID NO. 2560 or a sequence which comprises one or
more amino acid substitutions, for example 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino acid

substitutions.

In another aspect, the invention relates to a binding molecule comprising or consisting
of a Vi domain as shown in SEQ ID NO. 2132 or a variant thereof comprising amino
acid substitutions compared to SEQ ID NO. 2132 as follows residue 1 is Q, residue 32
is Y, residue 33isY, residue 52 is G, residue 53 is G, residue 56 is D, residue 57 is V,
residue 103 is H, residue 104 is D and/or residue 106 is K.

The family 5 or family 5-like binding molecules have KD, Koff, KA, Kd and ICs, values

as further described herein and as shown in the examples.

In another aspect, the invention relates to a binding molecule capable of binding
human IL-17RA comprising a human Vy domain wherein said Vy domain comprises a

family 6 or family 6-like sequence.

In one embodiment, the binding molecule comprises or consists of at least one
immunoglobulin single domain antibody directed against IL-17RA, preferably human IL-
17RA, wherein said domain is a human v domain and wherein said Vy domain
comprises a family 6 or family 6-like sequence. These include the Vy sequence of the
parent clone (clone 6.1; SEQ ID NO. 2576) or a part thereof, for example a CDR3
sequence, and Vy sequences of clones or that are derived from the parent clone 6.1

through a process of optimization, for example as shown in Figure 6. CDR sequences
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and full length sequences of clones in family 6 are numbered according to table 6 as

shown below.

Clone Full length

name CDR1 CDR2 CDR3 sequence

6.1 SEQ ID NO.
SEQ ID NO. 2573 | SEQ ID NO. 2574 | SEQ ID NO. 2575 | 2576

Table 6: Family 6 CDR sequences and V sequences that are within the scope of the

invention. Corresponding sequences are shown in figure 6.

In one aspect, the invention relates to a family 6 or family 6-like binding molecule
comprises a human Vy domain comprising a CDR3 sequence CDR3 comprising the
amino acid sequence SEQ ID NO. 2575, or a sequence having at least 70%, at least

80%, at least 90%, or at least 95% homology thereto.

In one embodiment, the family 6 or family 6-like binding molecule comprises at least
one immunoglobulin single domain antibody directed against IL-17R comprising at
least one antigen binding site comprising hypervariable region CDR3 said CDRS3
having the amino acid sequence SEQ ID NO. 2575, or a sequence having at least
70%, at least 80%, at least 90%, or at least 95% homology thereto. In one

embodiment, the homology is at least 90%.

In one embodiment, the family 6 or family 6-like binding molecule comprises
hypervariable regions CDR1, CDR2 and CDR3, said CDR1 comprises or consists of
the amino acid sequence SEQ ID NO. 2573 or a sequence with at least 70%, at least
80%, at least 90%, or at least 95% homology thereto, said CDR2 comprises or consists
of the amino acid sequence SEQ ID NO. 2574 or a sequence with at least 70%, at
least 80%, at least 90%, or at least 95% homology thereto, and said CDR3 comprises
or consists of the amino acid sequence SEQ ID NO. 2575, or a sequence with at least

80%, at least 90%, or at least 95% homology thereto.

In one embodiment, said CDR1 comprises or consists of the amino acid sequence
SEQ ID NO. 2573 or a sequence with at least 70%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95% 96%, 97%, 98% or 99%
homology thereto. In one embodiment, said CDR2 comprises or consists of the amino
acid sequence SEQ ID NO. 2574 or a sequence with at least 70%, 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97 %,
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98% or 99% homology thereto. In one embodiment, said CDR3 comprises or consists
of the amino acid sequence SEQ ID NO. 2575 or a sequence with at least 70%, 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98% or 99% homology thereto.

In one embodiment, the family 6 or family 6-like binding molecule has a Vy domain that
comprises or consists of SEQ ID NO. 2576 or a sequence with at least 40%, 50%,
60%, 70%, 80%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95% 96%, 97%, 98% or 99% homology thereto.

In another embodiment, the V,; domain comprises SEQ ID NO. 2576, but comprises 1,
2,3,4,5, 6,7, 8, 9or 10 amino acid substitutions. In one embodiment, these are in the
framework region. In another embodiment, these are in the CDRs. In one embodiment,

the amino acid substitutions are in the framework and CDR sequences.

The family 6 or family 6-like binding molecules have KD, Koff, KA, Kd and ICs, values

as further described herein and as shown in the examples.

In another aspect, the invention relates to a binding molecule capable of binding
human IL-17RA comprising a human Vy domain wherein said Vy domain comprises a

family 7 or family 7-like sequence.

In one embodiment, the binding molecule comprises or consists of at least one
immunoglobulin single domain antibody directed against IL-17RA, preferably human IL-
17RA, wherein said domain is a human V4 domain and wherein said V4 domain
comprises a family 7 or family 7-like sequence. These include the Vy sequence of the
parent clone (clone 7.1; SEQ ID NO. 2580) or a part thereof, for example a CDR3
sequence, and Vy sequences of clones or parts thereof that are derived from the
parent clone 7.1 through a process of optimization, for example as shown in Figure 7.
CDR sequences and full length sequences of clones in family 7 are numbered

according to table 7 as shown below.

Clone Full length

name CDR1 CDR2 CDR3 sequence

71 SEQ ID NO. SEQ ID NO.
2577 SEQ ID NO. 2578 | SEQ ID NO. 2579 | 2580
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Table 7: Family 7 CDR sequences and V sequences that are within the scope of the

invention. Corresponding sequences are shown in figure 7.

In one aspect, the invention relates to a family 7 or family 7-like binding molecule
comprises a human Vy domain comprising a CDR3 sequence CDR3 comprising the
amino acid sequence SEQ ID NO. 2579, or a sequence having at least 70%, at least

80%, at least 90%, or at least 95% homology thereto.

In one embodiment, the family 7 or family 7-like binding molecule comprises at least
one immunoglobulin single domain antibody directed against IL-17R comprising a
human Vy domain comprising at least one antigen binding site comprising CDR1,
CDR2 and CDRS, said CDR1 comprises or consists of the amino acid sequence SEQ
ID NO. 2577 or a sequence with at least 70%, at least 80%, at least 90%, or at least
95% homology thereto, said CDR2 comprises or consists of the amino acid sequence
SEQ ID NO. 2578 or a sequence with at least 70%, at least 80%, at least 90%, or at
least 95% homology thereto, and said CDR3 comprises or consists of the amino acid
sequence SEQ ID NO. 2579, or a sequence with at least 70%, at least 80%, at least
90%, or at least 95% homology thereto.

In one embodiment, said CDR1 comprises or consists of the amino acid sequence
SEQ ID NO. 2577 or a sequence with at least 70%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99%
homology thereto. In one embodiment, said CDR2 comprises or consists of the amino
acid sequence SEQ ID NO. 2578 or a sequence with at least 70%, 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97 %,
98% or 99% homology thereto. In one embodiment, said CDR3 comprises or consists
of the amino acid sequence SEQ ID NO. 2579 or a sequence with at least 70%, 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98% or 99% homology thereto.

In one embodiment, the family 7 or family 7-like Vy has a V domain that comprises or
consists of SEQ ID NO. 2580 or a sequence with at least 40%, 50%, 60%, 70%, 80%,
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98% or 99% homology thereto.

In another embodiment, the V,; domain comprises SEQ ID NO. 2580, but comprises 1,

2,3,4,5, 6,7, 8, 9or 10 amino acid substitutions. In one embodiment, these are in the
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framework region. In another embodiment, these are in the CDRs. In one embodiment,

the amino acid substitutions are in the framework and CDR sequences.

The family 7 or family 7-like binding molecules have KD, Koff, KA, Kd and ICs, values

as further described herein and as shown in the examples.

In one aspect, the binding molecule according to the invention comprises a CDR3
sequence selected from a family 1 or family 1-like, family 2 or family 2-like, family 3 or
family 3-like, family 4 or family 4-like, family 5 or family 5-like, family 6 or family 6-like or
family 7 or family 7-like CDR3 sequence combined with a CDR1 and CDR2 sequence

from another family listed herein.

For example, the binding molecule according to the invention comprises a family 1 or
family 1-like CDR3 sequence combined with a CDR1 and/or a CDR2 sequence from

one or two other families as shown in Table 2, 3,4, 5,6 or 7.

In another aspect, the binding molecule according to the invention comprises a family 2
or family 2-like CDR3 sequence combined with a CDR1 and/or a CDR2 sequence from
one or two other families as shown in Table 1, 3, 4, 5, 6 or 7. Various combinations are

possible as would be appreciated by a skilled person.

In another aspect, the binding molecule according to the invention comprises a family 3
or family 3-like CDR3 sequence combined with a CDR1 and/or a CDR2 sequence from
one or two other families as shown in Table 1, 2, 4, 5, 6 or 7. Various combinations are

possible as would be appreciated by a skilled person.

In another aspect, the binding molecule according to the invention comprises a family 4
or family 4-like CDR3 sequence combined with a CDR1 and/or a CDR2 sequence from
one or two other families as shown in Table 1, 2, 3, 5, 6 or 7. Various combinations are

possible as would be appreciated by a skilled person.

In another aspect, the binding molecule according to the invention comprises a family 5
or family 5-like CDR3 sequence combined with a CDR1 and/or a CDR2 sequence from
one or two other families as shown in Table 1, 2, 3, 4, 6 or 7. Various combinations are

possible as would be appreciated by a skilled person.
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In another aspect, the binding molecule according to the invention comprises a family 6
or family 6-like CDR3 sequence combined with a CDR1 and/or a CDR2 sequence from
one or two other families as shown in Table 1, 2, 3, 5 or 7. Various combinations are

possible as would be appreciated by a skilled person.

In another aspect, the binding molecule according to the invention comprises a family 7
or family 7-like CDR3 sequence combined with a CDR1 and/or a CDR2 sequence from
one or two other families as shown in Table 1, 2, 3, 5 or 6. Various combinations are

possible as would be appreciated by a skilled person.

As mentioned above, also within the scope of the invention are Vy domains that
comprise additional C or N terminal residues, for example linker residues introduced
from the expression vector used (e.g., LEGGGS from phagemid vector or AA) and/or
His tags, e.g. hexa-His (HHHHHH, SEQ ID NO: 2605).

A binding molecule described herein may be provided as a fusion protein with one or
more additional protein moiety. For example, the binding molecule described herein

may be provided as a fusion with a second moiety.

The second moiety may comprise a Vy domain that is also specific for human IL-17RA
thus providing a bivalent binding molecule. In one embodiment, the binding molecule is
biparatopic. Biparatopic binding molecules bind to different epitopes. Biparatopic
binding molecules of the present invention can be constructed using methods known
art.

For example, a family 1 binding molecule may be linked to a family 2, 3,4, 5,6 or 7 or

family 2, 3, 4, 5, 6 or 7- like binding molecule.

In another embodiment, the second moiety comprises a Vy domain or another antibody
fragment that is specific for a different antigen to provide a bispecific binding molecule.
As used herein, the term "bispecific binding molecule" thus refers to a polypeptide that
comprises a binding molecule as described herein which has a binding site that has
binding specificity for IL17-RA, and a second polypeptide domain which has a binding
site that has binding specificity for a second target, i.e., the agent has specificity for two
targets. The first target and the second target are not the same, i.e. are different targets

e.g., proteins, but are both present on a cell. Accordingly, a bispecific binding molecule
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as described herein can selectively and specifically bind to a cell that expresses (or
displays on its cell surface) the first target and the second target. In another

embodiment, the binding molecule comprises more than two moieties.

In another embodiment, more than two moieties are joined together providing a
multispecific binding molecule. A multispecific polypeptide agent as described herein
can in addition bind one or more additional targets, i.e., a multispecific polypeptide can
bind at least two, at least three, at least four, at least five, at least six, or more targets,
wherein the multispecific polypeptide agent has at least two, at least, at least three, at

least four, at least five, at least six, or more target binding sites respectively.

As used herein, the term "target" refers to a biological molecule (e.g., peptide,
polypeptide, protein, lipid, carbohydrate) to which a polypeptide domain which has a
binding site can selectively bind. The target can be, for example, an intracellular target
(e.g. an intracellular protein target) or a cell surface target (e.g., a membrane protein, a
receptor protein). Preferably, a target is a cell surface target, such as a cell surface
protein. Preferably, the first cell surface target and second cell surface target are both

present on a cell.

Multispecific antibodies of the present invention can be constructed using methods

known art.

In biparatopic or multispecific binding molecules, the moieties are joined by a linker, for
example a polypeptide linker. Suitable linkers, for example comprising linker including
GS residues such as (GlysSer),, where n=from 1t0 10, e.g.1,2,3,4,5,6,7,8,9 0r 10

are known in the art.

If desired, bispecific or multispecific binding molecules can be linked to an antibody Fc¢
region or a fragment thereof, comprising one or both of C,2 and Cy3 domains, and
optionally a hinge region. For example, vectors encoding bispecific or multispecific
binding molecules linked as a single nucleotide sequence to an Fc region or a fragment

thereof can be used to prepare such polypeptides.
Exemplary second antigen targets include leukocyte receptors, e.g., MHC, CD2, CD3,

CD4, CD7, CD8, CD25, CD28, CD4, CD45, CD58, CD80, CD86 or their ligands; TNF,
IL-1 1L-15, IL-23, IL-6 or CD20. This list is not limited to the agents mentioned.
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In one embodiment, the second moiety may serve to prolong the half-life of the binding
molecule. The second moiety or third may comprise a protein that binds a serum
albumin, e.g., human serum albumin (HSA). The second moiety may comprise a Vy
domain that binds serum albumin, e.g. human serum albumin (HSA). The second
moiety may comprise a serum albumin, e.g. a human serum albumin (HSA) or a variant
thereof such as C34S. Further provided is binding molecule as described herein
comprising a Vy domain and an Fc domain or a fragment thereof, e.g., wherein the Vy
domain is fused to an Fc domain or a fragment thereof. Further provided is a binding
molecule that comprises a second variable domain that specifically binds a second
antigen, where the second antigen is an antigen other than human IL-17R. The second
antigen may be a cluster of differentiation (CD) molecule or a Major Histocompatibility

Complex (MHC) Class Il molecule.

The present invention further provides an isolated nucleic acid encoding a binding
member of the present invention. Nucleic acid may include DNA and/or RNA. In one
aspect, the present invention provides a nucleic acid that codes for a CDR, for example
a CDR3, or set of CDRs, a Vi domain or binding molecule as defined above. In one
aspect, the invention also relates to nucleic acid sequences encoding Vy domains of
family 1, 2, 3, 4, 5, 6 or 7 as shown herein. Examples of such sequences encoding Vy

sequences of specific clones are shown below.

1.1 SEQ ID NO. 2581
CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTACAGCCTGGCAGGTCCCT
GAGACTCTCCTGTGCAGCCTCTGGATTCACCTTTGATGATTATGCCATGCACTGG
GTCCGGCAAGCTCCAGGGAAGGGCCTGGAGTGGGTCTCAGGTATTAGTTGGAAT
AGTGGTAGGATGGACTATGCGGACTCTGTGAAGGGCCGATTCACCATCTCCAGA
GACAACGCCAAGAAGTCCCTGTATCTGCAAATGAACAGTCTGAGAGCTGAGGACA
CGGCCATGTATTACTGTGCAAAAGAGAAGGGCCTAGGATTTTGTCGTGGTGGTAG
CTGTTCCTACTTTGACTATAGGGGCCAGGGAACCCTGGTCACCGTCTCCTCA

1.2 SEQ ID NO. 2582
GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTACAGCCTGGCAGGTCCCT
GAGACTCTCCTGTGCAGCCTCTGGATTCACCTTTGATGATTATGCCATGCACTGG
GTCCGACAAGCTCCAGGAAAGGGCCTGGAGTGGGTCTCAGGTATTAGTTGGAAT
AGTGGTAGGATGGACTATGCGGACTCTGTGAAGGGCCGATTCACCATCTCCAGA
GACAACGCCAAGAACTCCCTGTATCTGCAAATGAACAGTCTGAGAGCTGAGGACA
CGGCCTTATATTACTGTGCAAAGGAGAAGGGCCTAGGATATTGTCGTGGTGGTAG
CTGTTCCTACTTTGACTACAGGGGCCAGGGAACCCTGGTCACCGTCTCCTCA
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1.3 SEQ ID NO. 2583
CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTACAGCCTGGCAGGTCCCT
GAGACTCTCCTGTGCAGCCTCTGGATTCACCTTTGCTGATTATGCCTTGCACTGG
GTCCGGCAAGCTCCAGGGAAGGGCCTGGAGTGGGTCTCAGGTATTAGTTGGAAT
AGTGGTAGGAAGGACTATGCGGACACTGTGAAGGGCCGATTCACCATCTCCAGA
GACAACGCCAAGAAGTCCCTGTATCTGCAAATGAACAGTCTGAGAGCTGAGGACA
CGGCCATGTATTACTGTGCAAAAGAGAAGGGCCTAGGATTTTGTCGTGGTGGTAG
CTGTTCCTACTTTGACTATAGGGGCCAGGGAACCCTGGTCACCGTCTCCTCA

1.4 SEQ ID NO. 2584
CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTACAGCCTGGCAGGTCCCT
GAGACTCTCCTGTGCAGCCTCTGGATTCACCTTTGCTGATTATGCCTTGCACTGG
GTCCGGCAAGCTCCAGGGAAGGGCCTGGAGTGGGTCTCAGGTATTAGTTGGAAT
GCCGGTAGGAAGGACTATGCGGACACTGTGAAGGGCCGATTCACCATCTCCAGA
GACAACGCCAAGAAGTCCCTGTATCTGCAAATGAACAGTCTGAGAGCTGAGGACA
CGGCCATGTATTACTGTGCAAAAGAGAAGGGCCTAGGATTTTGTCGTGGTGGTAG
CTGTTCCTACTTTGACTATAGGGGCCAGGGAACCCTGGTCACCGTCTCCTCA

1.5 SEQ ID NO. 2585
GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTACAGCCTGGCAGGTCCCT
GAGACTCTCCTGTGCAGCCTCTGGATTCACCTTTGCTGATTATGCCTTGCACTGG
GTCCGACAAGCTCCAGGAAAGGGCCTGGAGTGGGTCTCAGGTATTAGTTGGAAT
AGTGGTAGGAAGGACTATGCGGACACTGTGAAGGGCCGATTCACCATCTCCAGA
GACAACGCCAAGAACTCCCTGTATCTGCAAATGAACAGTCTGAGAGCTGAGGACA
CGGCCTTATATTACTGTGCAAAGGAGAAGGGCCTAGGATATTGTCGTGGTGGTAG
CTGTTCCTACTTTGACTACAGGGGCCAGGGAACCCTGGTCACCGTCTCCTCA

1.6 SEQ ID NO. 2586
GAAGTGCAGCTGGTTGAGAGCGGTGGTGGTCTGGTTCAGCCGGGTCGCAGCCTG
CGCCTGAGCTGCGCGGCTAGCGGCTTTACCTTCGCAGATTACGCCCTGCATTGG
GTTCGTCAAGCACCGGGTAAAGGCCTGGAGTGGGTGTCCGGCATCTCTTGGAAC
GCGGGTCGTAAGGATTATGCGGACACGGTCAAGGGTCGCTTCACCATTAGCCGT
GACAATGCGAAAAATAGCCTGTATTTGCAGATGAACAGCCTGCGTGCGGAAGATA
CCGCGCTGTATTACTGCGCGAAAGAAAAGGGCTTGGGCTATTGTCGTGGTGGCA
GCTGTTCGTACTTTGACTACCGTGGTCAGGGTACGCTGGTGACGGTCTCGAGC
2.1 SEQ ID NO. 2587
CAGGTCCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTCAGT
GAAGGTCTCCTGCAAGGCTTCTGGATACCCCTTCACCAGTTATGATATCAATTGG
GTGCGACAGGCCACAGGACAAAGCCTTGAGTGGATGGGATGGATGAACCCTAAC
AGTGGTGACACAGTCTATGCACAGAAATTCCAGGGCAGAGTCACCATGACCAGGA
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ATACCTCCATAAGCACAGCCTACATGGAGCTGAGCAGCCTGAGATCTGAGGACAC
GGCCGTGTATTTTTGTGCGAGAGGCAGAAGGGATGACTGGAAGAACAATTATTGG
GGCCAGGGAACCCTGGTCACTGTCTCCTCA

2.2 SEQ ID NO. 2588
CAGGTCCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTCAGT
GAAGGTCTCCTGCAAGGCTTCTGGATACCCCTTCACCAGTTATGATATCAATTGG
GTGCGACAGGCCACAGGACGAAGCCTTGAGTGGATGGGATGGATGAACCCTACC
AATGGTAACACAGTCTATGCACAGAAATTCCAGGACAGAGTCACCATGACCAGGA
ATACCTCCATAAGCACAGCCTACATGGAGCTGAGCAGCCTGAGATCTGAGGACAC
GGCCGTGTATTTTTGTGCGAGAGGCAGAAGGGATGACTGGAAGAACAATTATTGG
GGCCAGGGAACCCTGGTCACTGTCTCCTCA

2.3 SEQ ID NO. 2589
CAGGTCCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTCAGT
GAAGGTCTCCTGCAAGGCTTCTGGATACCCCTTCACCAGTTATGATATCAATTGG
GTGCGACAGGCCACAGGACGAAGCCTTGAGTGGATGGGATGGATGAACCCTACA
AGTGGTGACACAGTCTATGCACAGAAATTCCAGGACAGAGTCACCATGACCAGGA
ATACCTCCATAAGCACAGCCTACATGGAGCTGAGCAGCCTGAGATCTGAGGACAC
GGCCGTGTATTTTTGTGCGAGAGGCAGAAGGGATAACTGGAAGAACAATTATTGG
GGCCAGGGAACCCTGGTCACTGTCTCCTCA

3.1 SEQ ID NO. 2590
GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTCCAGCCTGGGGGGTCCCT
GAGACTCTCCTGTGCAGCCTCTGGATTTCCCTTTAGTACCTATTGGATGAGGTGG
CTCCGCCAGGCTCCAGGGAAGGGCCTGGAGTGGGTGGCCAACATAAACCAAGAT
GGAAGTGAGAAATACTATGTGGACTCTGTGAAGGGCCGATTCACCATTTCCAGAG
ACAACGCCAAGAGTTCACTGTTTCTGCAAATGAACAGCCTGAGAGCCGAGGACAC
GGCTGTATATTACTGTGCGAGAGGGTGGGAGTCGGGGTGGTTCGAACCCTGGGG
CCAGGGAACCCTGGTCACCGTCTCCTCA

4.1 SEQ ID NO. 2591
CAGGTTCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTCAGTG
AAGGTCTCCTGCAAGGCTTCTGGATACCCCTTCACCAATTATGATATCAGCTGGAT
ACGACAGGCCACTGGACAAAGTCTTGAGTGGATGGGATGGATGAACCCTGACAG
TGGTAACACAGGCTATGCACAGAAGTTCCAGGGCAGAGTCACCATGACCAGGAA
CACCTCCATAAGCACAGCCTACATGGAACTGAGTGGCCTGAGATCTGAGGACACG
GCCGTATATTTCTGTGCGAGAGGGGGTTACAATGCCTGGAGAACGGACTACTGG
GGCCAGGGCACCCTGGTCACCGTCTCCTCA

5.1 SEQ ID NO. 2592
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GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTCAAGCCTGGAGGGTCCCT
GAGACTCTCCTGTGAAGCCTCTGGATTCACCTTCAGTGACTTCGACATGAGCTGG
ATCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTTGCATACATTAGTAGTAGT
GATAGTACCATATATTATAGAGACTCTGTGAAGGGCCGATTCACCATTTCCAGGGA
CAACGCCAAGAACTCACTGTATCTGCAAATGAACAGCCTGAGAGCCGAAGACACG
GCCGTGTATTACTGTTCGAGAAACGGGGCCCGGTATAACTGGAACTACGGGGAC
TTCCAGCACTGGGGCCAGGGCACCCTGGTCACTGTCTCCTCA

6.1 SEQ ID NO. 2593
GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTCAAGCCTGGAGGGTCCCT
GAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAGTGACGACTACATGAGCTGG
CTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTTTCATACATTAGTAGTAGT
GGTAGTACCATATACTACGCAGACTCTGTGAAGGGCCGATTCACCATCTCCAGGG
ACAACGCCAAGAACTCACTGTATCTGCAAATGAACAGCCTGAGAGCCGAGGACTC
GGCCGTGTATTACTGTGCGAGAAAAGATATAACGAATATAGCAGTGGGCTCCCTC
GGCTACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCA

7.1 SEQ ID NO. 2594
GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTCCAGCCTGGGGGGTCCCT
GAGACTCTCCTGTGCAGCCTCAGGATTCACCTTTAGTAACTATTGGATGAGCTGG
GTCCGCCAGGCTCGAGGGAAGGGGCTGGAGTGGGTGGCCAACATAAGACCAGA
TGGAAGTGAGCGATACTATGTGGACTCTGTGAAGGGCCGATTCACCATCTCCAGA
GACAACGCCAAGAACTCATTGTATCTGCAGATGAGCAGCCTGAGAGCCGAGGAC
ACGGCTGTGTATTACTGTGCGAGATCGAGAGATTGGGGATCTCGGGCTTTTGATA
TCTGGGGCCAAGGGACAATGGTCACCGTCTCCTCA

Nucleic acid according to the present invention may comprise DNA or RNA and may be
wholly or partially synthetic or recombinantly produced. Reference to a nucleotide
sequence as set out herein encompasses a DNA molecule with the specified
sequence, and encompasses a RNA molecule with the specified sequence in which U

is substituted for T, unless context requires otherwise.
Furthermore, the invention relates to a nucleic acid construct comprising at least one
nucleic acid defined above. The construct may be in the form of plasmids, vectors,

transcription or expression cassettes.

The invention also relates to an isolated recombinant host cell comprising one or more

nucleic acid constructs as above.
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The invention also relates to a binding agent capable of binding to IL-17RA that
competes for binding to IL-17RA with a binding molecule of the invention as described

above in a competitive assay.

The invention also relates to an isolated Vy domain comprising an amino acid product
of or derived from a human Vy germline sequence, for example a human Vy 3-09, Vy1-

08, Vy 3-07 or Vy 3-11 germline sequence.

The binding molecules of the invention have certain functional properties as described

below and set out in the examples.

In particular, the binding molecules of the invention block the effects of IL-17RA on its
target cells and are thus indicated for use in the treatment of IL-17RA-mediated

diseases and disorders, for example as described herein.

These and other pharmacological activities of the binding molecules of the invention
may be demonstrated in standard test methods for example as described in the art,
e.g., “Neutralization of IL-17R dependent production of interleukin-6 by primary human
fibroblasts: The production of IL-6 in primary human (dermal) fibroblasts is dependent
on IL- 177 (Hwang SY et al., (2004) Arthritis Res Ther; 6:R120-128)) and in the
examples herein. Thus, as described in more detail in the examples, binding members
according to the invention neutralize IL-17RA with high potency. The term "neutralizing"
thus refers to neutralization of a biological activity of IL-17R when a binding protein
specifically binds IL-17R. Inhibition of a biological activity of IL-17R by a neutralizing
binding protein can be assessed by measuring one or more indicators of IL-17R

biological activity well known in the art as described in the examples.

For example, neutralisation of IL-17R binding to its receptor may be measured as
cellular release of a biological molecule, e.g., MMP13, PGE2 or a cytokine such as IL-6
or IL-8, in a biological assay, since IL-17RA binding to its receptor induces cellular
release of these molecules, which can be determined using appropriate assays, e.g. in

HT1080 cells, chondrocytes or other suitable cell or tissue types.

Inhibition of biological activity may be partial or total. In specific embodiments, binding
members are provided that inhibit IL-17R biological activity by at least 95%, at least
90%, at least 85%, at least 80%, at least 75%, at least 70%, at least 60%, or at least

50% of the activity in absence of the binding member. The degree to which a binding
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member neutralises IL-17RA is referred to as its neutralising potency. Potency may be
determined or measured using one or more assays known to the skilled person and/or
as described or referred to herein. For example, potency may be assayed in:
- HTRF(R) (Homogeneous Time-Resolved Fluorescence) receptor-ligand binding
assay
- HT1080 IL-6 release assay - HT1080 cell assay using synergised IL-6 release
in response to IL-17 and TNFa
- Chondrocyte IL-6/IL-8/MMP13/PGE2-release assay IL-6 release assay in
cartilage explants
- IL-6 release assay in synovial fibroblasts (e.g. from RA or OA patients), e.g.

using synergised IL-6 response to IL-17 and TNFa.

Assays methods are described in detail in the examples.

Neutralising potency of a binding member as calculated in an assay using IL-17 from a
first species {e.g. human) may be compared with neutralising polency of the binding
member in the same assay using IL-17RA from a second species {e.¢., cynomolgus;,
in order to assess the extent of cross-reactivity of the binding member for IL-17RA of

the two species.

Potency is normally expressed as an ICs, value, in nM unless otherwise stated. In
functional assays, ICs, is the concentration of a binding member that reduces a
biological response by 50% of its maximum. ICs, may be calculated by plotting % of
maximal biological response as a function of the log of the binding member
concentration, and using a software program to fit a sigmoidal function to the data to

generate |Cs; values.

In another aspect, the invention thus relates to a binding molecule comprising at least
one Vy domain directed against human IL-17A, or comprising or consisting of at least
one immunoglobulin single Vy domain antibody directed against IL-17RA, preferably
human IL-17RA, wherein said domain is a human V4 domain and has an ICsy for
inhibition of IL-6 production of about 0.2 to about 500 nM or more, for example 0.2 to
400, 0.2 to 300, 0.2 to 200, 0.2 to 100, 0.2 to 50, 0.2 to 40, 0.2 to 30, 0.2 to 20, 0.2 to
10,0.2t09,0.21t08,02t07,021t06,021t05,602t04.0,0.2to ,0.2to2o0r0.2to1
when tested as described in the examples, i.e. by measuring the ability of IL-17RA
binding Vy to inhibit IL-17RA induced IL-6 release from the cell line HT1080. The

binding molecules of the invention may have an ICs, for inhibition of IL-6 production of

63



10

15

20

25

30

35

WO 2016/113555 PCT/GB2016/050067

less than about 500 nM, preferably less than about 100nM assessed by measuring the
ability of IL-17RA binding Vy to inhibit IL-17RA induced IL-6 release from the cell line
HT1080. This assay measures IL-6 release, a detailed method is given in the
examples. The binding molecule, for example a Vy domain, having these binding
characteristics may be selected from one of the sequences disclosed herein. In another
embodiment, the Vy domain comprises a CDR3 sequence or Vy sequence as

described herein.

In one embodiment, said IL-17RA binding molecule comprises a family 1 or family 1-
like Vy sequence or part thereof, for example a CDR3 sequence, as described above.
In one embodiment, said IL-17RA binding molecule comprises a family 2 or family 2-
like Vy sequence or part thereof, for example a CDR3 sequence, as described above.
In one embodiment, said IL-17RA binding molecule comprises a family 3 or family 3-
like Vy sequence or part thereof, for example a CDR3 sequence, as described above.
In one embodiment, said IL-17RA binding molecule comprises a family 4 or family 4-
like Vy sequence or part thereof, for example a CDR3 sequence, as described above.
In one embodiment, said IL-17RA binding molecule comprises a family 5 or family 5-
like Vy sequence or part thereof, for example a CDR3 sequence, as described above.
In one embodiment, said IL-17RA binding molecule comprises a family 6 or family 6-
like Vy sequence or part thereof, for example a CDR3 sequence, as described above.
In one embodiment, said IL-17RA binding molecule comprises a family 7 or family 7-
like Vy sequence or part thereof, for example a CDR3 sequence, as described above.

Various embodiments of these sequences are detailed above.

Additionally, binding kinetics and affinity (expressed as the equilibrium dissociation
constant, KD) of IL-17RA binding molecules of the invention for binding IL-17RA may
be determined, e.g. using surface plasmon resonance such as BlAcore®, or KD may

be estimated from pA2 analysis.

In another aspect, the invention relates to a binding molecule that has a KD (M) value
of in the range of from about 1E-07 (1 x 10”) to about 6E-11 (6 x 10™""), wherein said
KD is calculated using BlIAcore®. The term "KD" refers to the "equilibrium dissociation
constant" and refers to the value obtained in a titration measurement at equilibrium, or
by dividing the dissociation rate constant (Koff) by the association rate constant (Kon).

In one embodiment, the KD may be as shown in the examples.
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In one embodiment, said IL-17RA binding molecule comprises a family 1 or family 1-
like Vy sequence or part thereof, for example a CDR3 sequence, as described above.
In one embodiment, said IL-17RA binding molecule comprises a family 21 or family 2-
like Vy sequence or part thereof, for example a CDR3 sequence, as described above.
In one embodiment, said IL-17RA binding molecule comprises a family 3 or family 3-
like Vy sequence or part thereof, for example a CDR3 sequence, as described above.
In one embodiment, said IL-17RA binding molecule comprises a family 4 or family 4-
like Vy sequence or part thereof, for example a CDR3 sequence, as described above.
In one embodiment, said IL-17RA binding molecule comprises a family 5 or family 5-
like Vy sequence or part thereof, for example a CDR3 sequence, as described above.
In one embodiment, said IL-17RA binding molecule comprises a family 6 or family 6-
like Vy sequence or part thereof, for example a CDR3 sequence, as described above.
In one embodiment, said IL-17RA binding molecule comprises a family 7 or family 7-
like Vy sequence or part thereof, for example a CDR3 sequence, as described above.

Various embodiments of these sequences are detailed above.

In one embodiment, the binding molecule has a KD as defined above and an ICsq for

inhibition of IL-6 production as defined above.

A skilled person will know that there are different ways to identify and obtain the
antigen binding molecules as described herein, including in vitro and in vivo expression
libraries. This is further described in the examples. Optimisation techniques known in
the art, such as display techniques (e.g., ribosome display and/or phage display) and /

or mutagenesis techniques (e.g., error prone mutagenesis) can be used.

Methods for preparing or generating the polypeptides, nucleic acids, host cells,
products and compositions described herein using in vitro expression libraries can
comprise the steps of:
a) providing a set, collection or library of nucleic acid sequences encoding amino
acid sequences; and
b) screening said set, collection or library of amino acid sequences for amino acid
sequences that can bind to / have affinity for IL-17RA and
c) isolating the amino acid sequence(s) that can bind to / have affinity for IL-
17RA.

In the above methods, the set, collection or library of sequences may be displayed on a

phage, phagemid, ribosome or suitable micro-organism (such as yeast), such as to
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facilitate screening. Suitable methods, techniques and host organisms for displaying
and screening (a set, collection or library of) sequences will be clear to the person
skilled in the art (see for example Phage Display of Peptides and Proteins: A
Laboratory Manual, Academic Press; 1st edition (October 28, 1996) Brian K. Kay, Jill
Winter, John McCafferty).

The binding molecules described herein comprising V4 domains, can be expressed in a
transgenic rodent. The transgenic rodent, for example a mouse, has a reduced
capacity to express endogenous antibody genes. Thus, in one embodiment, the rodent
has a reduced capacity to express endogenous light and/or heavy chain antibody
genes. The rodent may therefore comprise additional modifications to disrupt
expression of endogenous light and/or heavy chain antibody genes so that no

functional light and/or heavy chains are produced.

In one embodiment, the rodent is a mouse. The mouse may comprise a non-functional
lambda light chain locus. Thus, the mouse does not make a functional endogenous
lambda light chain. In one embodiment, the lambda light chain locus is deleted in part
or completely or rendered non-functional through insertion, inversion, a recombination
event, gene editing or gene silencing. For example, at least the constant region genes
C1, C2 and C3 may be deleted or rendered non-functional through insertion. In one
embodiment, the locus is functionally silenced so that mouse does not make a

functional endogenous lambda light chain.

Furthermore, the mouse may comprise a non-functional kappa light chain locus. Thus,
the mouse does not make a functional endogenous kappa light chain. In one
embodiment, the kappa light chain locus is deleted in part or completely or rendered
non-functional through insertion, inversion, a recombination event, gene editing or gene
silencing. In one embodiment, the locus is functionally silenced so that the mouse does

not make a functional endogenous kappa light chain.

The mouse having functionally silenced endogenous lambda and kappa L-chain loci
may, for example, be made as disclosed in WO 2003/000737, which is hereby

incorporated by reference in its entirety.

Furthermore, the mouse may comprise a non-functional heavy chain locus. Thus, the
mouse does not make a functional endogenous heavy chain. In one embodiment, the

heavy chain locus is deleted in part or completely or rendered non-functional through
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insertion, inversion, a recombination event, gene editing or gene silencing. In one
embodiment, the locus is functionally silenced so that the mouse does not make a
functional endogenous heavy chain. In one embodiment, the locus is functionally

silenced so that mouse does not make a functional endogenous heavy chain.

For example, as described in WO 2004/076618 (hereby incorporated by reference in its
entirety), all 8 endogenous heavy chain constant region immunoglobulin genes (u, 5,
v3, v1, y2a, v2b, £ and a) are absent in the mouse, or partially absent to the extent that
they are non-functional, or genes 6, y3, y1, y2a, y2b and g are absent and the flanking
genes p and o are partially absent to the extent that they are rendered non-functional,
or genes y, 8, v3, y1, y2a, y2b and ¢ are absent and « is partially absent to the extent
that it is rendered non-functional, or 3, v3, y1, y2a, y2b, € and « are absent and p is
partially absent to the extent that it is rendered non-functional. By deletion in part is
meant that the endogenous locus gene sequence has been deleted or disrupted, for
example by an insertion, to the extent that no functional endogenous gene product is
encoded by the locus, i.e. that no functional product is expressed from the locus. In

another embodiment, the locus is functionally silenced.

In one embodiment, the mouse comprises a non-functional endogenous heavy chain
locus, a non-functional endogenous lambda light chain locus and a non-functional
endogenous kappa light chain locus. The mouse therefore does not produce any
functional endogenous light or heavy chains. Thus, the mouse is a triple knockout
(TKO) mouse.

The transgenic mouse may comprise a vector, for example a Yeast Artificial
Chromosome (YAC) for expressing a heterologous heavy chain locus. YACs are
vectors that can be employed for the cloning of very large DNA inserts in yeast. As well
as comprising all three cis-acting structural elements essential for behaving like natural
yeast chromosomes (an autonomously replicating sequence (ARS), a centromere
(CEN) and two telomeres (TEL)), their capacity to accept large DNA inserts enables
them to reach the minimum size (150 kb) required for chromosome-like stability and for
fidelity of transmission in yeast cells. The construction and use of YACs is well known
in the art (e.g. Bruschi, C.V. and Gjuracic, K. Yeast Artificial Chromosomes,
ENCYCLOPEDIA OF LIFE SCIENCES 2002 Macmillan Publishers Ltd, Nature

Publishing Group / www.els. net).
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For example, the YAC may comprise a plethora of human Vg, D and J genes in
combination with mouse immunoglobulin constant region genes lacking C,41 domains,
mouse enhancer and regulatory regions. An example of such a YAC is provided in the

example section.

Alternative methods known in the art may be used for deletion or inactivation of
endogenous mouse or rat immunoglobulin genes and introduction of human Vg, D and
J genes in combination with mouse immunoglobulin constant region genes lacking C1

domains, mouse enhancer and regulatory regions

Transgenic mice can be created according to standard techniques as illustrated in the
examples. The two most characterised routes for creating transgenic mice are via
pronuclear microinjection of genetic material into freshly fertilised oocytes or via the
introduction of stably transfected embryonic stem cells into morula or blastocyst stage
embryos. Regardless of how the genetic material is introduced, the manipulated
embryos are transferred to pseudo-pregnant female recipients where pregnancy

continues and candidate transgenic pups are born.

The main differences between these broad methods are that ES clones can be
screened extensively before their use to create a transgenic animal. In contrast,
pronuclear microinjection relies on the genetic material integrating to the host genome
after its introduction and, generally speaking, the successful incorporation of the

transgene cannot be confirmed until after pups are born.

There are many methods known in the art to both assist with and determine whether
successful integration of transgenes occurs. Transgenic animals can be generated by
multiple means including random integration of the construct into the genome, site-
specific integration, or homologous recombination. There are various tools and
techniques that can be used to both drive and select for transgene integration and
subsequent modification including the use of drug resistance markers (positive
selection), recombinases, recombination-mediated cassette exchange, negative
selection techniques, and nucleases to improve the efficiency of recombination. Most of
these methods are commonly used in the modification of ES cells. However, some of
the techniques may have utility for enhancing transgenesis mediated via pronuclear

injection.
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Further refinements can be used to give more efficient generation of the transgenic line
within the desired background. As described above, in preferred embodiments, the
endogenous mouse immunoglobulin expression is silenced to permit sole use of the
introduced transgene for the expression of the heavy-chain only repertoire that can be
exploited for drug discovery. Genetically-manipulated mice, for example TKO mice that
are silenced for all endogenous immunoglobulin loci (mouse heavy chain, mouse
kappa chain and mouse lambda chain) can be used as described above. The transfer
of any introduced transgene to this TKO background can be achieved via breeding,
(either conventional or with the inclusion of an IVF step to give efficient scaling of the
process). However, it is also possible to include the TKO background during the
transgenesis procedure. For example, for microinjection, the oocytes may be derived
from TKO donors. Similarly, ES cells from TKO embryos can be derived for use in
transgenesis.
The invention also relates to a method for producing a binding molecule comprising at
least one immunoglobulin single domain antibody directed against IL-17RA wherein
said domain is a human Vy domain said method comprising
a) immunising a transgenic mouse that expresses a nucleic acid construct
comprising human heavy chain V genes and that is not capable of making
functional endogenous light or heavy chains with an IL-17RA antigen,
b) generating a library from said mouse and

c) isolating Vy domains from said libraries.
Additional steps to optimize the sequences can be included.

The invention also relates to a binding molecule capable of binding human IL-17RA
comprising a Vy domain obtained or obtainable from a mouse that is not capable of
making functional endogenous light or heavy chains, for example through the method

described above.

The binding molecule of the invention may be conjugated to another moiety. This can
be selected from a toxin, enzyme, radioisotope, other detectable label, peptide, protein

and chemical moiety of interest.

For example, the binding molecule of the invention may be labelled with a detectable or
functional label. A label can be any molecule that produces or can be induced to
produce a signal, including but not limited to fluorescers, radiolabels, enzymes,

chemiluminescers or photosensitizers. Thus, binding may be detected and/or
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measured by detecting fluorescence or luminescence, radioactivity, enzyme activity or

light absorbance.

Half-life of the binding molecule of the invention can be increased by a chemical
modification, especially by PEGylation, or by incorporation in a liposome or linking to

another molecule, e.g. serum albumin or an anti-HSA binding molecule.

In one embodiment, a binding molecule of the invention is covalently modified. The
term “covalently modified/covalent modification" includes modifications of a binding
molecule according to the present invention, e.g. of a specified sequence; with an
organic proteinaceous or non-proteinaceous derivatizing agent, fusions to heterologous
polypeptide sequences, and post-translational modifications. Covalent modified
polypeptides, e.g., of a specified sequence, still have the functional properties
described herein, for example the ability to bind the human IL-17 or e.g. neutralize |L-6
production of IL-17 induced human dermal fibroblasts by crosslinking. Covalent
modifications are generally introduced by reacting targeted amino acid residues with an
organic derivatizing agent that is capable of reacting with selected sides or terminal
residues, or by harnessing mechanisms of post-translational modifications that function
in selected recombinant host cells. Certain post-translational modifications are the
result of the action of recombinant host cells on the expressed polypeptide. Glutaminyl
and asparaginyl residues are frequently post- translationally deamidated to the
corresponding glutamyl and aspartyl residues. Alternatively, these residues are
deaminated under mildly acidic conditions. Other post-translational modifications
include hydroxylation of proline and lysine, phosphorylation of hydroxyl groups of seryl,
tyrosine or threonyl residues, methylation of the [alpha]-amino groups of lysine,
arginine, and histidine side chains. Covalent modifications e.g. include fusion proteins
comprising a binding molecule according to the present invention, e.g. of a specified
sequence and their amino acid sequence variants, such as immunoadhesins, and N-

terminal fusions to heterologous signal sequences.

In another aspect of the present invention, there is provided a pharmaceutical
composition comprising an IL-17RA binding molecule according to the present
invention and a pharmaceutically acceptable carrier. The binding molecule of the
present invention or a composition thereof can be administered by any convenient
route and examples of the administration form of the binding molecule or composition
of the present invention include without limitation topical, in particular dermal,

parenteral, and intranasal. Parenteral administration includes subcutaneous injections,
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intravenous, intramuscular, intrasternal injection or infusion techniques. Compositions

can take the form of one or more dosage units.

The composition of the invention can be in the form of a liquid, e. g. a solution,
emulsion or suspension. The liquid can be useful for delivery by dermal, topical or
injection routes. The liquid compositions of the invention, whether they are solutions,
suspensions or other like form, can also include one or more of the following: sterile
diluents such as water, saline solution, preferably physiological saline, Ringer's
solution, isotonic sodium chloride, fixed oils such as synthetic mono or digylcerides,
polyethylene glycols, glycerin, or other solvents; antibacterial agents such as benzyl
alcohol or methyl paraben; and agents for the adjustment of tonicity such as sodium
chloride or dextrose. A composition can be enclosed in an ampoule, a disposable

syringe or a multiple-dose vial made of glass, plastic or other material.

In specific embodiments, it can be desirable to administer a binding molecule of the

present invention or composition thereof locally to the area in need of treatment.

Thus, in a preferred embodiment of all aspects of the invention, administration of the
composition or binding molecule of the invention is by topical administration to healthy
or diseased skin. The binding molecule is capable of penetrating at least the outer layer
of the skin and can therefore be delivered dermally or transdermally. Accordingly, in
one embodiment of the various aspects of the invention, topical delivery of the the
composition or binding molecule of the invention to the skin is direct delivery into the
skin for local non-systemic exposure. In another embodiment, topical delivery of the
composition or binding molecule of the invention to the skin is direct delivery to the skin

to provide systemic exposure as the , domain penetrates through all layers of the skin.

The skin that is treated may be diseased or healthy skin. In a preferred embodiment,

the skin disease is psoriasis or atopic dermatitis.

Preferably, the surface area to which it is applied is 1%-30% of the body surface area,
for example 1%-10% or 1-20%. Administration may thus be to 1%, 2%, 3%, 4%, 5%,
6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%,
22%, 23%, 24%, 25%, 26%, 27%, 28%, 29% or 30% of body surface area. In one
embodiment, the disease state is mild. In another embodiment, the disease state is
moderate. In another embodiment, the disease state is severe. For the treatment of
psoriasis, administration is to areas affected, typically one or more affected area
selected from elbows, knees, palms of hands, scalp, soles of feet, genitals, upper

thighs, groin, buttocks, face and torso. For the treatment of atopic dermatitis
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administration is to areas affected, typically one or more affected area selected from
face, forearms and wrists.

Thus, the binding molecule can be applied directly to diseased or healthy skin in the
form of cream, lotion, sprays, solution, gel, ointment, paste, plaster, patch, bioadhesive,
suspension or the like, and/or may be prepared so as to contain liposomes, micelles,
and/or microspheres. In one embodiment, the binding molecule is applied directly to
diseased skin in the form of a liquid (e.g. a spray), plaster, patch or bioadhesive. In one
embodiment, the binding molecule is applied directly to diseased skin in the form of a

microemulsion.

Microemulsions are generally defined as having a droplet diameter within the range of
2-500nm thus allowing effective delivery of actives into the skin. Microemulsions have
been proposed for use in enhancing transdermal delivery of a range of compounds.
This is described in US2007/0243132 incorporated herein in its entirety.

Specifically, as used herein, the term microemulsion refers to a formulation that
comprises an oil phase, a water phase and a surfactant, wherein the microemulsion is
suitable for transdermal delivery of a binding molecule, for example comprising a
human Vy domain as described herein. Preferably, the microemulsion of the invention
has a droplet diameter within the range of 2 - 500nm. In one embodiment, a
microemulsion may further comprise a co-surfactant, a co-solvent, or a combination

thereof.

The microemulsion of the present invention may be oil-in-water microemulsion, wherein
the surfactant is preferentially soluble in water; water-in-oil microemulsion, wherein the
surfactant is mainly in the oil phase; a three-phase microemulsion wherein a surfactant-
rich middle phase coexists with water and oil phases; a bicontinuous monophase; a
single phase micellar solution that forms upon addition of a sufficient quantity of

amphiphile (surfactant plus alcohol); or a swollen micellar solution.

The microemulsion of the present invention may be produced by methods known in the
art. In general, microemulsions are produced by emulsifying components under
conditions including typically sufficient force or the required temperature to generate
the required dispersion level, conductivity, viscosity, percolativity or other dispersion

characteristics.
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Microemulsion formation can be assessed using scattering and spectroscopic
techniques such as neutron scattering, time-average scattering, quasi-electric light
scattering i.e., high-resolution ultrasonic spectroscopy or photon correlation
spectroscopy. The partition coefficients of microemulsions may also be measured
chromatographically. The selection of particular formulations is based on a number of
different paradigms depending upon the desired application. lllustrative paradigms
include the hydrophilic-lipophilic balance, the phase-inversion temperature, or the
cohesive-energy ratio. Microemulsions may be formulated using a wide range of

immiscible liquids and other additional agents.

A microemulsion of the present invention may comprise an oil phase in the range of
from 50 and 99% by weight, most preferably from 50 and 90% by weight; a water
phase in the range of from 2 to 50% by weight, most preferably between 1 and 50% by
weight; and surfactant in the range of from 0.1 to 90% by weight, preferably in the
range of from 1 to 90% by weight surfactant. The microemulsion may further comprise
from 0.1 to 90% by weight cosurfactant or cosolvent; preferably from 1 to 90% by

weight cosurfactant or cosolvent.

The oil phase may comprise natural oils derived from plants or animals, such as
vegetable oils, sunflower oils, coconut oils, almond oils; purified synthetic or natural di
or triglycerides (such as Crodamol GTC® and Capmul MC®); phospholipids and their
derivatives (such as lecithin or lysolecithin); fatty acid esters (such as isopropyl
myristate, isopropyl palmitate, ethyl oleate, oleic acid ethyl ester); hydrocarbons (such
as hexane, the n-decane through n-octadecane series); and/or glycerolysed fats and
oils (such as glyceryl monooleate, glyceryl monocaprylate, glycerol monocaprate,

propylene glycol monocaprylate, propyleme glycol monolaurate).

Other oil phase ingredients include, but are not limited to, Labrafii M 1944 CS™,
benzene, tetrahydrofuran, and n-methyl pyrrolidone, or halogenated hydrocarbons,
such as methylene chloride, or chloroform. In a particular embodiment, the oil phase
comprises Crodamol GTCC® and Capmul MCM®, at 3:1 ratio. The oil component is
either used alone or in combination with another oil component or components. Each
oil or unique mixture of oils may require a different surfactant or mixture of surfactants
or surfactants and co-surfactants to form a microemulsion with the water phase, as can
routinely be determined by those of skill in the art. Water phase ingredients may
comprise water and any water-soluble components in water, including one or more

pharmaceutical agent.

73



10

15

20

25

30

35

WO 2016/113555 PCT/GB2016/050067

The microemulsion of the present invention may further comprise solvents or other
agents to enhance emulsion formation or stability. Other agents may be introduced to
provide functions such as pH, ionic content, polymerisation, taste, smell, sterility,

colour, viscosity, etc.

The microemulsions of the present invention may also be generated using any suitable

synthetic plastic or polymeric, monomeric or hybrid colloidal material.

According to the methods and uses set out above, the binding molecule can be
administered together with one or more chemical skin penetration enhancer. Examples

of skin penetration enhancers are set out below.

In another embodiment, the binding molecule is administered using occlusion. In one
embodiment, the binding molecule is administered to healthy or diseased skin together
with a chemical skin penetration enhancer and using occlusion. In one embodiment,
the binding molecule is administered to healthy or diseased skin as a microemulsion

and using occlusion.

In another embodiment of the various aspects of the invention, administration may be
improved using non-chemical skin penetration enhancers, for example phonophoresis,
sonophoresis, electroporation or using the microneedle technique. This uses small
needles (10—200 pm height and 10-50um width) which are connected with the drug
reservoir. The microneedle delivery device is applied to the skin surface without

reaching the nerve endings of the upper dermis.

The binding molecule administered as set out above is capable of penetrating at least
the outer layer of the skin and thus delivers an effective therapeutic amount of the
binding molecule to treat the disease. The binding molecule administered as set out

herein penetrates the skin in preferably 6 hours or less, for example 1 hour or less.

In one aspect, the invention relates to a pharmaceutical composition comprising a
binding molecule of the invention and a skin penetration enhancer that facilitates or
improves skin penetration. Unless otherwise specified, the term skin penetration
enhancer as used herein refers to a chemical skin penetration enhancer. Numerous
chemical penetration enhancers are known in the art and can be used in the

composition of the invention. These include, but are not limited to: water, alcohols,
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preferably alcohols with up to six carbon atoms, for example ethanol, glycols, for
example alcohol diethylene  glycol (Transcutol®), alkyl-N,N-disubstituted
aminoacetates, for example dodecyl-N,N-dimethyl-aminoacetate, esters, for example
ethylacetate, Azone® and derivatives, surfactants, for example sodium dodecyl
sulphate, terpenes and terpenoids, for example d-Limonene, fatty acids, for example
oleic acid, urea and derivatives, for example 1,3-Diphenyl-urea, pyrrolidones, for
example N-Methyl-2-pyrrolidone, and 2-pyrrolidone- 5-carboxylic acid, cyclodextrins,
for example beta-cyclodextrin, sulphoxides, for example dimethylsulphoxide. Other skin
penetration enhancers are known to the skilled person. In one embodiment, the
enhancer is not water. In one embodiment, the skin penetration enhancers are selected
from one or more of Propylene Glycol, Isopropyl Myristate and Azone. Preferred
penetration enhancers are DMSO, azone, Transcuto®, isopropyl myristate, oleic acid

or combinations thereof, for example as set out in table 6 and in the examples.

In one embodiment, the penetration enhancer is not one or more of water, ethanol,
polyethylene glycol derivatives, polyoxyethylene derivatives such as polysorbate, a
fatty alcohol such as cetyl alcohol, stearyl alcohol, or cerostearyl alcohol, glycerol and

propylene glycol.

The amount of the binding molecule of the present invention that is effective/active in
the treatment of a particular disease will depend on the nature of the disease, and can
be determined by standard clinical techniques. In addition, in vitro or in vivo assays can
optionally be employed to help identify optimal dosage ranges. The precise dose to be
employed in the compositions will also depend on the route of administration, and the
seriousness of the disease, and should be decided according to the judgment of the

practitioner and each patient's circumstances.

Compositions of the invention comprise an effective amount of a binding molecule of
the present invention such that a prophylactically- or therapeutically- effective dosage
will be obtained. The correct dosage of the compounds will vary according to the
particular formulation, the mode of application, and its particular site, and the disease
being treated. Other factors like age, body weight, sex, diet, time of administration,
rate of excretion, drug combinations, reaction sensitivities and severity of the disease
shall be taken into account. Administration can be carried out continuously or

periodically within the maximum tolerated dose.
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Typically, this amount is at least about 0.01% of a binding molecule of the present

invention by weight of the composition.

Preferred compositions of the present invention are prepared so that a parenteral
dosage unit contains from about 0.01 % to about 2% by weight of the binding molecule

of the present invention.

For intravenous administration, the composition can comprise from about typically
about 0.1 mg/kg to about 250 mg/kg of the animal's body weight, preferably, between
about 0.1 mg/kg and about 20 mg/kg of the animal's body weight, and more preferably
about 1 mg/kg to about 10 mg/kg of the animal's body weight.

The present compositions can take the form of suitable carriers, such aerosols, sprays,
suspensions, or any other form suitable for use. Other examples of suitable
pharmaceutical carriers are described in "Remington's Pharmaceutical Sciences" by E.
W. Martin.

Liposomes and micelles can also be used according to the invention.

Liposomes are microscopic vesicles having a lipid wall comprising a lipid bilayer, and,
in the present context, encapsulate heavy chain only antibody or composition of the
invention. Liposomal preparations herein include cationic (positively charged), anionic
(negatively charged), and neutral preparations. Cationic liposomes are readily
available. For example, N[1 -2,3- dioleyloxy)propyl]-N,N,N-triethyl-ammonium
(DOTMA) liposomes are available under the tradename Lipofectin® (GIBCO BRL,
Grand Island, NY). Similarly, anionic and neutral liposomes are readily available as well
or can be easily prepared using readily available materials. Such materials include
phosphatidyl choline, cholesterol, phosphatidyl ethanolamine, dioleoylphosphatidyl
choline (DOPC), dioleoylphosphatidyl glycerol (DOPG), and dioleoylphoshatidyl
ethanolamine (DOPE), among others. These materials can also be mixed with DOTMA
in appropriate ratios. Methods for making liposomes using these materials are well

known in the art.

Micelles are known in the art as comprised of surfactant molecules arranged so that
their polar headgroups form an outer spherical shell, while the hydrophobic,
hydrocarbon chains are oriented towards the center of the sphere, forming a core.
Micelles form in an aqueous solution containing surfactant at a high enough
concentration so that micelles naturally result. Surfactants useful for forming micelles

include, but are not limited to, potassium laurate, sodium octane sulfonate, sodium
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decane sulfonate, sodium dodecane sulfonate, sodium lauryl sulfate, docusate sodium,
decyltrimethylammonium bromide, dodecyltrimethylammonium bromide,
tetradecyltrimethylammonium  bromide, tetradecyltrimethyl-ammonium  chloride,
dodecylammonium chloride, polyoxyl-8 dodecyl ether, polyoxyl-12 dodecyl ether,

nonoxynol 10, and nonoxynol 30.

Microspheres, similarly, may be incorporated into the present formulations. Like
liposomes and micelles, microspheres essentially encapsulate one or more
components of the present formulations. They are generally although not necessarily
formed from lipids, preferably charged lipids such as phospholipids. Preparation of
lipidic microspheres is well known in the art and described in the pertinent texts and

literature.

The pharmaceutical compositions can be prepared using methodology well known in
the pharmaceutical art. For example, a composition can be prepared by combining a
binding molecule of the present invention with water so as to form a solution. A
surfactant can be added to facilitate the formation of a homogeneous solution or

suspension.

The invention furthermore relates to a method for the prevention and/or treatment of a
disease, said method comprising administering, to a subject in need thereof, a
pharmaceutically active amount of a binding molecule of the invention, and/or of a
pharmaceutical composition of the invention. More in particular, the invention relates to
a method for the prevention and/or treatment of a disease selected from the non-
limiting group consisting of the diseases listed herein, said method comprising
administering, to a subject in need thereof, a pharmaceutically active amount of a
binding molecule of the invention, and/or of a pharmaceutical composition of the
invention. Examples of the immune related diseases that can be treated according to
the invention will be clear to the skilled person based on the disclosure herein, and for
example include autoimmune diseases, inflammatory conditions, allergies and allergic
conditions, hypersensitivity reactions, severe infections, and organ or tissue transplant

rejection.
The invention also relates to a binding molecule or pharmaceutical composition of the

invention for use in the treatment of disease. In another aspect, the invention relates to

a binding molecule of the invention for use in the treatment of a disease, for example
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autoimmune diseases, inflammatory conditions, allergies and allergic conditions,

hypersensitivity reactions, severe infections, and organ or tissue transplant rejection.

In another aspect, the invention relates to the use of a binding molecule of the
invention in the manufacture of a medicament for the treatment of a disease, for
example autoimmune diseases, inflammatory conditions, allergies and allergic
conditions, hypersensitivity reactions, severe infections, and organ or tissue transplant

rejection.

The disease according to the aspects set out above may be selected from the
following non-limiting list: psoriasis, systemic lupus erythematosis, rheumatoid arthritis,
osteoarthritis, juvenile chronic arthritis, spondyloarthropathies, systemic sclerosis,
idiopathic inflammatory myopathies, Sjogren's syndrome, systemic vasculitis,
sarcoidosis, autoimmune hemolytic anemia, autoimmune thrombocytopenia, thyroiditis,
diabetes mellitus, immune-mediated renal disease, demyelinating diseases of the
central and peripheral nervous systems such as multiple sclerosis, idiopathic
demyelinating polyneuropathy or Guillain Barre syndrome, and chronic inflammatory
demyelinating polyneuropathy, hepatobiliary diseases such as infectious, autoimmune
chronic active hepatitis, primary biliary cirrhosis, granulomatous hepatitis, and
sclerosing cholangitis, inflammatory bowel disease, gluten-sensitive enteropathy, and
Whipple's disease, autoimmune or immune-mediated skin diseases including bullous
skin diseases, erythema multiforme and contact dermatitis, allergic diseases such as
asthma, allergic rhinitis, atopic dermatitis, food hypersensitivity and urticaria,
immunologic diseases of the lung such as eosinophilic pneumonia, idiopathic
pulmonary fibrosis and hypersensitivity pneumonitis, autoimmune haematological
disorders (including e.g. hemolytic anaemia, aplastic anaemia, pure red cell anaemia
and idiopathic thrombocytopenia), autoimmune inflammatory bowel disease (including
e.g. ulcerative colitis, Crohn's disease and Irritable Bowel Syndrome), transplantation

associated diseases including graft rejection and graft-versus-host-disease.

In a preferred embodiment, the disease is selected from psoriasis,
spondyloarthropathies, uveitis and atopic dermatitis. In another embodiment, the

disease is asthma.

Binding molecules of the invention are also useful for the treatment, prevention, or
amelioration of asthma, bronchitis, pneumoconiosis, pulmonary emphysema, and other

obstructive or inflammatory diseases of the airways. Binding molecules of the invention
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are useful for treating undesirable acute and hyperacute inflammatory reactions which
are mediated by IL-17RA, or involve IL- 17RA production, or the promotion of TNF
release by IL-17RA, e.g. acute infections, for example septic shock (e.g., endotoxic
shock and adult respiratory distress syndrome), meningitis, pneumonia; and severe
burns; and for the treatment of cachexia or wasting syndrome associated with morbid
TNF release, consequent to infection, cancer, or organ dysfunction, especially AIDS-

related cachexia, e.g., associated with or consequential to HTV infection.

Binding molecules of the invention are particularly useful for treating diseases of bone
metabolism including osteoarthritis, osteoporosis and other inflammatory arthritis, and
bone loss in general, including age-related bone loss, and in particular periodontal

disease.

Binding molecules of the invention may be administered as the sole active ingredient or
in combination with one or more other drug, e.g., immunosuppressive or
immunomodulating agents or other anti-inflammatory agents, e.g., for the treatment or
prevention of diseases mentioned above. For example, the binding molecule of the
invention maybe used in combination with immunosuppressive monoclonal antibodies,
e.g., monoclonal antibodies to leukocyte receptors, e.g., MHC, CD2, CD3, CD4, CD7,
CD8, CD25, CD28, CD40. CD45, CD58, CD80, CD86 or their ligands; other
immunomodulatory compounds, e.g. a recombinant binding molecule having at least a
portion of the extracellular domain of CTLA4 or a mutant thereof, e.g., an at least
extracellular portion of CTLA4 or a mutant thereof joined to a non-CTLA4 protein
sequence, e.g. CTLA4Ig (e.g., designated ATCC 68629) or a mutant thereof, e.g.,
LEA29Y; adhesion molecule inhibitors, e.g., LFA-l antagonists, ICAM-I or -3
antagonists, VCAM-4 antagonists or VLA-4 antagonists; or a chemotherapeutic agent,
e.g., paclitaxel, gemcitabine, cisplatinum, doxorubicin or 5-fluorouracil; anti-TNF
agents, e.g,. monoclonal antibodies to TNF, e.g., infliximab, adalimumab, CDP870, or
receptor constructs to TNF-RI or TNF-RII, e.g., Etanercept™, PEG-TNF-RI; blockers of
proinflammatory cytokines, IL-I blockers, e.g., Anakinra™ or IL-1 trap, AAL160, ACZ
885, IL-6 blockers; chemokines blockers, e.g., inhibitors or activators of proteases, e.g.
metalloproteases, anti-IL-15 antibodies, anti-IL-6 antibodies, anti-CD20 antibodies,
NSAIDs, such as aspirin or an anti-infectious agent. This list is not limited to the agents

mentioned.
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The binding molecule of pharmaceutical composition of the invention may administered
at the same time or at a different time as the other drug. Administraiton may be

simultaneously, sequentially or separately.

The invention also relates to methods for diagnosing a disease. Exemplary diseases
are listed above. In one embodiment, the disease is psoriasis. The method comprises
determining the level of IL-17RA expression by detecting binding of a binding molecule
described herein in a sample and comparing the level of expression of IL-17RA in the
test sample with the level of expression in a control sample from a non-psoriatic subject
or with a standard value or standard value range for a non-psoriatic subject. An
elevation in IL-17RA expression in the test sample relative to the control or standard

indicates presence of the disease.

In another aspect, the invention provides a kit comprising a binding molecule of the
invention useful for the treatment of a disease described above and optionally

instructions for use.

The invention also relates to detection methods using the binding molecule of the
invention. Given their ability to bind to human IL-17RA, the human-IL-17RA-binding
molecules disclosed herein can be used to detect IL-17RA (e.g., in a biological sample,
such as serum or plasma), using a conventional immunoassay, such as an enzyme
linked immunosorbent assays (ELISA), a radioimmunoassay (RIA) or tissue
immunohistochemistry. A method for detecting IL-17RA in a biological sample is
provided comprising contacting a biological sample with a binding molecule disclosed
herein and detecting either the binding molecule bound to IL-17RA or unbound binding
molecule, to thereby detect IL-17RA in the biological sample. The binding molecule can
be directly or indirectly labeled with a detectable substance to facilitate detection of the
bound or unbound molecule. Suitable detectable substances include various enzymes,
prosthetic groups, fluorescent materials, luminescent materials and radioactive

materials.

Alternative to labeling the binding molecule, human IL-17RA can be assayed in
biological fluids by a competition immunoassay utilizing IL-17RA standards labeled with
a detectable substance and an unlabeled human IL-17RA binding molecule. In this
assay, the biological sample, the labeled IL-17RA standards and the human IL-17RA
binding molecule are combined and the amount of labeled IL-17RA standard bound to

the unlabeled binding molecule is determined. The amount of human IL-17RA in the
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biological sample is inversely proportional to the amount of labeled IL-17RA standard
bound to the IL-17RA binding molecule. Similarly, human IL-17RA can also be assayed
in biological fluids by a competition immunoassay utilizing IL-17RA standards labeled

with a detectable substance and an unlabeled human IL-17RA binding molecule.

As explained herein, binding molecules of the invention are capable of neutralizing IL-

17RA activity, e.g., human IL-17RA activity, both in vitro and in vivo.

Accordingly, such binding molecules disclosed herein can be used to inhibit IL-17RA
activity, e.g., in a cell culture containing IL-17RA, in human subjects or in other
mammalian subjects having IL-17RA with which a binding molecule disclosed herein
cross-reacts. In one embodiment, a method for inhibiting or increasing IL-17RA activity
is provided comprising contacting IL-17RA with a binding molecule disclosed herein
such that IL-17RA activity is inhibited or increased. For example, in a sample
containing, or suspected of containing IL-17RA, a binding molecule disclosed herein

can be added to the culture medium to inhibit IL-17RA activity in the sample.

Unless otherwise defined herein, scientific and technical terms used in connection with
the present disclosure shall have the meanings that are commonly understood by
those of ordinary skill in the art. While the foregoing disclosure provides a general
description of the subject matter encompassed within the scope of the present
invention, including methods, as well as the best mode thereof, of making and using
this invention, the following examples are provided to further enable those skilled in the
art to practice this invention and to provide a complete written description thereof.
However, those skilled in the art will appreciate that the specifics of these examples
should not be read as limiting on the invention, the scope of which should be
apprehended from the claims and equivalents thereof appended to this disclosure.
Various further aspects and embodiments of the present invention will be apparent to

those skilled in the art in view of the present disclosure.

All documents mentioned in this specification are incorporated herein by reference in

their entirety, including references to gene accession numbers.

"and/or" where used herein is to be taken as specific disclosure of each of the two
specified features or components with or without the other. For example "A and/or B" is
to be taken as specific disclosure of each of (i) A, (ii) B and (iii) A and B, just as if each

is set out individually herein. Unless context dictates otherwise, the descriptions and
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definitions of the features set out above are not limited to any particular aspect or
embodiment of the invention and apply equally to all aspects and embodiments which

are described.

The invention is further described in the non-limiting examples.

EXAMPLES

EXAMPLE 1. Construction of Tg/TKO mice

Mice carrying a heavy-chain antibody transgenic locus in germline configuration within
a background that is silenced for endogenous heavy and light chain antibody
expression (triple knock-out, or TKO) were created as previously described
(WO2004/076618 and W(0O2003/000737, Ren et al. Genomics, 84, 686, 2004; Zou et
al.,, J. Immunol., 170, 1354, 2003). Briefly, transgenic mice were derived following
pronuclear microinjection of freshly fertilised oocytes with a yeast artificial chromosome
(YAC) comprising a plethora of human Vy, D and J genes in combination with mouse
immunoglobulin constant region genes lacking Cy1 domains, mouse enhancer and
regulatory regions. Yeast artificial chromosomes (YACs) are vectors that can be
employed for the cloning of very large DNA inserts in yeast. As well as comprising all
three cis-acting structural elements essential for behaving like natural yeast
chromosomes (an autonomously replicating sequence (ARS), a centromere (CEN) and
two telomeres (TEL)), their capacity to accept large DNA inserts enables them to reach
the minimum size (150 kb) required for chromosome-like stability and for fidelity of
transmission in yeast cells. The construction and use of YACs is well known in the art
(e.g., Bruschi, C.V. and Gjuracic, K. Yeast Artificial Chromosomes, ENCYCLOPEDIA
OF LIFE SCIENCES 2002 Macmillan Publishers Ltd, Nature Publishing Group /

www .els.net).

The YAC used was about 340kb comprises 10 human heavy chain V genes in their
natural configuration, human heavy chain D and J genes, a murine Cy1 gene and a
murine 3’ enhancer gene. It lacks the Cy1 exon. Specifically, the YAC comprised (from
5’ to 3’): telomere-yeast TRP1 marker gene-Centromere-10 human V genes- human D
genes- human J genes-mouse p enhancer and switch-mouse Cy1 (Cy1A) gene-mouse

3’ enhancer-Hygromycin resistant gene-yeast marker gene H/S3-telomere.
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The transgenic founder mice were back-crossed with animals that lacked endogenous
immunoglobulin expression to create the Tg/TKO lines used in the immunisation

studies described.

EXAMPLE 2. Antigen for immunisation
The immunisations used recombinant purified protein. Recombinant human IL-17RA

was purchased from R&D systems (177-IR-100).

EXAMPLE 3. Immunisation Protocol

In the present case, recombinant protein was administered to the Tg/TKO. Briefly,
mice aged 8 — 12 weeks of age each received a total of 10ug of recombinant protein,
emulsified in Complete Freund’s Adjuvant and delivered subcutaneously, followed by
boosts of 1 — 10ug of recombinant protein, emulsified in Incomplete Freund’s Adjuvant,
also administered subcutaneously, given at various intervals following the initial
priming. A final dose of antigen was administered intraperitoneally, in phosphate

buffered saline, in the absence of adjuvant.

Alternative immunisation routes and procedures can also be employed. For example,
different adjuvants or immune potentiating procedures may be used instead of
Freund’s adjuvant. DNA immunisations are often delivered intramuscularly or via a
Genegun. Transfected cells or membrane preparations from such cells are often,

although not exclusively, administered intraperitoneally.

EXAMPLE 4. Serum ELISA

During and following immunisation, serum was collected from mice and checked for the
presence of heavy-chain antibody responses to the immunogen by ELISA. Nunc
Maxisorp plates (Nunc Cat. No. 443404) were coated overnight at 4°C with 50ul/well of
a 5ug recombinant antigen/ml of PBS solution. Following decanting of the antigen
solution, plates were washed using PBS (prepared from PBS tablets, Oxoid cat no.
BR0014G) supplemented with 0.05% Tween™20 (sigma P1379), followed by washes
with PBS without added Tween™. To block non-specific protein interactions, a solution
of 3% skimmed milk powder (Marvel) in PBS was added to the wells and the plate was
incubated for at least one hour at room temperature. Dilutions of serum in 3%
Marvel/PBS were prepared in polypropylene tubes or plates and incubated for at least
one hour at room temperature prior to transfer to the blocked ELISA plate where a
further incubation of at least one hour took place. Unbound protein was then washed

away using repetitive washes with PBS/Tween® followed by PBS. A solution of biotin-
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conjugated, goat anti mouse IgG, Fcgamma subclass 1 specific antibody (Jackson
115-065-205), prepared in PBS/3% Marvel was then added to each well and a further
incubation at room temperature for at least one hour took place. Unbound detection
antibody was removed by repeated washing using PBS/Tween® and PBS.
Neutravidin-HRP solution (Pierce 31030) in 3% Marvel/PBS was then added to the
ELISA plates and allowed to bind for at least 30 minutes. Following further washing, the
ELISA was developed using TMB substrate (Sigma cat. no. T0440) and the reaction
was stopped after 10 minutes by the addition of 0.5M H,SO, solution (Sigma cat. no.
320501). Absorbances were determined by reading at 450nm. Examples of Serum
ELISA data are shown in Figure 8. Alternative assays, such as ELISPOT assays, may

also be used to check for immunisation induced heavy-chain antibody responses.

EXAMPLE 5. Generation of Libraries from Immunised Mice

a. processing tissues, RNA extraction and cDNA manufacture

Spleen, inguinal and brachial lymph nodes were collected into RNAIlater® from each
immunised animal. For each animal, 1/3 of the spleen and 4 lymph nodes were
processed separately. Initially, the tissues were homogenised; following transfer of
tissues to Lysing matrix D bead tubes (MP Bio cat# 116913100), 600ul of RLT buffer
containing B-mercaptoethanol (from Qiagen RNeasy® kit cat# 74104) was added
before homogenisation in a MP Bio Fastprep homogeniser (cat # 116004500) using
6m/s 40 seconds cycles. The tubes containing the homogenised tissues were
transferred to ice and debris was pelleted by microcentrifugation at 10g for 5 minutes.

400ul of the supernatant was removed and used for RT-PCR.

Initially, RNA was extracted using Qiagen RNeasy® kit cat# 74104 following the
manufacturer's protocol. Each RNA sample was then used to make cDNA using
Superscript Ill RT-PCR high-fidelity kit (Invitrogen cat # 12574-035). For each spleen
and LN RNA sample, 5 RT-PCR reactions were performed, each with VH_J/F (long)
primer in combination with a primer for V1, Vi2, Vi3, V4 or V6 family. Details of the

primers are below in Table 8.

Table 8 Primers

V1a/pelB | GCCGCTGGATTGTTATTACTCGCGGCCCAGCCGGCCATGGCCCAGG
(long) TBCAGCTGGTGCAGTCTGGGGCTGAGG SEQ ID NO 2595

V2/pelB(l | GCCGCTGGATTGTTATTACTCGCGGCCCAGCCGGCCATGGCCCAGA
ong) TCACCTTGAAGGAGTCTGG SEQ ID NO 2596
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V3/pelB(l | GCCGCTGGATTGTTATTACTCGCGGCCCAGCCGGCCATGGCCSAGG
ong) TGCAGCTGGTGGAGTCTGGGGGAGG SEQ ID NO 2597

Va- GCCGCTGGATTGTTATTACTCGCGGCCCAGCCGGCCATGGCCCAGG
4/pelB(lo | TGCAGCTGCAGGAGTCGGG SEQ ID NO 2598

ng)

V6/pelB(l | GCCGCTGGATTGTTATTACTCGCGGCCCAGCCGGCCATGGCCCAGG
ong) TACAGCTGCAGCAGTCAGG SEQ ID NO 2599

VH_J/IF(I | CCGTGGTGATGGTGGTGATGGCTACCGCCACCCTCGAGTGARGAGA
ong) CRGTGACC SEQ ID NO 2600

Residues in bold have homology with pUCG3

Mastermixes were prepared for the RT-PCR reactions, based on the following tube
reaction components.

12.5ul 2x reaction mix

0.5ul forward primer (10uM)

0.5l reverse primer (10uM)

0.5ul enzyme mix

500ng - 1ug RNA

Up to 25l with water

The RT-PCR reactions were carried out in a thermal cycler using the following

conditions;

50°C 20min

94°C 2min

35 cycles of 94°C 15sec
58°C 30sec
68°C 30sec

68°C 5min

Hold at 4°C

Products in the range of 370bp were confirmed by gel electrophoresis.

For each mouse, the Vy products amplified for a given family from the 1/3 spleen and
each of the 4 lymph nodes were then pooled for purification using Thermo/Fermentas
Genedet PCR purification kit (cat #K0702) which was used according to the

Manufacturer’s instructions, with the products eluted in 50ul of water.

b. Cloning into phagemid vector
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The phagemid vector, pUCG3, was employed in these studies. As indicated, Vy may
be cloned into pUCGS3, using conventional methods involving restriction enzyme
digestions with Ncol and Xhol, ligation and transformation. Alternatively, a PCR-based
method may be used to construct the Vy phagemid libraries. Both of these procedures
were used to generate libraries from the amplified Vy sequences. The former method
is widely used in the art. For the PCR-based method, the following procedure was

used:

A linearised version of pUCG3 was created using PCR; with the following primers:
pUCGS3-F3  CTCGAGGGTGGCGGTAGCCATCACCACCATC SEQ ID NO.
2601
pUCG3-R3 TCCATGGCCATCGCCGGCTGGGCCGCGAG SEQ ID NO. 2602
Phusion High fidelity PCR master mix with GC buffer (cat # F532L, NEB) was used for
the PCR reactions which comprised the following reagents;

Phusion GC 2x mix  25ul

pUCG3 5-10ng
Primers (10uM) 1.25ul of each
DMSO 1.5ul

Nuclease-free H,O to final volume of 50ul
The cycling conditions used were
98°C 30 seconds
10 cycles of
98°C 10 seconds
58°C 20 seconds
68°C 2 minutes, 30 seconds
20 cycles of
98°C 10 seconds
58°C 20 seconds
68°C 3 minutes
68°C 5 minutes
4°C  hold
The PCR product (3152bp) was gel purified using Fermentas GenelJet Gel purification
kit (cat # KO691), according to the manufacturer’s instructions, with final elution in 40ul
of elution buffer.
The purified V3 RT-PCR products were employed as megaprimers with the linearised
pUCGS3 to give phagemid products for transformation and library creation, based on the

following reactions;
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Phusion GC 2x mix  25pl
Linearised pUCG3  700ng
Vy PCR product 250ng
DMSO 1.5ul
Nuclease-free H,O to 50ul final volume
PCR was performed as follows;

98°C 30sec

98°C 10sec

58°C 20sec 10 cycles

72°C 2min

72°C 5min

Hold at 10°C
The products of PCR were analysed on a 1% agarose gel.
The various family Vp/phagemid products were purified using Ferment as PCR
purification kit (cat #K0702) according to the manufacturer’'s instructions with the final
elution being in 25ul H,O and used for transformations of TG1 E. coli (Lucigen, Cat:
60502-2) by electroporation using BioRad® 10 x 1 mm cuvettes (BioRad® cat # 165-
2089, a Eppendorf™ Eporator and pre-warmed recovery medium (Lucigen, proprietary
mix). 2ul of the purified products were added to 25ul of cells for the electroporation,
with up to 10 electroporations being performed for each V/phagemid product at 1800v.
Electroporated cells were pooled and recovered in 50ml Falcon tubes incubated for 1
hour at 37°C with shaking at 150rpm. A 10-fold dilution series of an aliquot of the
transformations was performed and plated in petri dishes containing 2xTY agar
supplemented with 2% (w/v) glucose and 100ug/ml ampicillin. Resulting colonies on
these dishes were used to estimate the library size. The remainder of the
transformation was plated on large format Bioassay dishes containing 2xTY agar
supplemented with 2% (w/v) glucose and 100ug/ml ampicillin. All agar plates were
incubated overnight at 30°C. 10ml of 2xTY broth was added to the large format
bioassay dishes and colonies were scraped and OD600 measured (OD of 1.0 = 5 x 10°
cells/ml). Aliquots were stored at -80°C in cryovials after addition of 50%v/v glycerol

solution (50%) or used directly in a phage selection process.

In some instances, clones were picked directly and sequence was determined to give
an estimate of the diversity of the library. Typically, for each mouse a phage display
library with greater than 1e8 recombinants was constructed to fully capture the Vy

diversity in that mouse.
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EXAMPLE 6. Selection strategies for isolation of IL-17RA -binding V4

Preparation of library phage stocks and phage display selections were performed
according to published methods (Antibody Engineering, Edited by Benny Lo, chapter 8,
p161-176, 2004). In most cases, phage display combined with a panning approach
was used to isolate binding Vy domains. However, a variety of different selection
methods may be employed, including (a) soluble selections; (b) selections performed
under stress, where phage are heated at 70°C for 2 hours prior to selection; and (c)
competitive selections, where excess antigen or antigen-reactive Vy domains are
added as competition to encourage the recovery of high affinity Vy domains or to skew

selections away from a particular epitope.

The IL-17RA antigen was expressed as a fusion with the Fc domain of human I1gG1.
Therefore, to minimise the isolation of unwanted antibodies to the Fc region of the
fusion protein, human IgG1 was added to the phage display selections at 100ug/ml
(approx 650nM) to compete or deselect for Fc binding V. For panning, antigen was
immobilised onto maxisorb plates (Nunc 443404) in 50ul volumes at 0.1 - 10ug/ml in

PBS. For the libraries from immunised mice, one round of selection was carried out.

EXAMPLE 7. Assays for target binding
Vy from the different selections were screened in one or more of the following assays

to identify specific Vy with neutralising properties.

a) Binding ELISA

Following selections of the libraries, specific Vy antibodies were identified by phage
ELISA following published methods (Antibody Engineering, Edited by Benny Lo,
chapter 8, p161-176, 2004). Phage ELISAs were performed against target protein and
an unrelated antigen as control. In some cases, purified or crude extracts of Vy
domains were assayed by ELISA instead of using a phage ELISA. In these cases,

bacterial periplasmic extracts or purified Vy were used.

Small-scale bacterial periplasmic extracts were prepared from 1ml cultures, grown in
deep well plates. Starter cultures were used to inoculate 96-well deep well plates
(Fisher, cat# MPA-600-030X) containing 2XTY broth (Melford, M2130), supplemented
with 0.1% (w/v) glucose+ 100ug/ml ampicillin at 37°C with 250rpm shaking. When
OD600 had achieved 0.6-1, Vy production was induced by adding 100ul of 2XTY,

supplemented with IPTG (final concentration 1mM) and ampicillin and the cultures
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were grown overnight at 30°C with shaking at 250rpm. E. coli were pelleted by
centrifugation at 3200rpm for 10 mins and supernatants discarded. Cell pellets were
resuspended in 30-100ul of ice cold extraction buffer (20% (w/v) sucrose, 1mM EDTA
& 50mM Tris-HCI pH8.0) by gently pipetting. Cells were incubated on ice for 30
minutes and then centrifuged at 4500rpm for 15 mins at 4°C. Supernatants were
transferred to polypropylene plates and used, following incubation in Marvel/PBS
blocking solution, in the ELISA.

The purified Vy were obtained by using the Vy C-terminal 6xHIS tag for nickel-agarose
affinity chromatographic purification of the periplasmic extracts. A starter culture of
each Vy was grown overnight in 5ml 2XTY broth (Melford, M2103) supplemented with
2% (w/v) glucose + 100ug/ml ampicillin at 30°C with 250rpm shaking. 50ul of this
overnight culture was then used to inoculate 50ml 2XTY supplemented with 2% (w/v)
glucose + 100ug/ml ampicillin and incubated at 37°C with 250rpm shaking for
approximately 6-8 hours (until OD600 = 0.6-1.0). Cultures were then centrifuged at
3200rpm for 10 mins and the cell pellets resuspended in 50ml fresh 2XTY broth
containing 100ug/ml ampicilin + 1mM IPTG. Shake flasks were then incubated
overnight at 30°C and 250rpm. Cultures were again centrifuged at 3200rpm for 10 mins
and supernatants discarded. Cell pellets were resuspended in 1ml ice cold extraction
buffer (20% (w/v) sucrose, 1mM EDTA & 50mM Tris-HCI pH8.0) by gently pipetting and
then a further 1.5ml of 1:5 diluted ice cold extraction buffer added. Cells were
incubated on ice for 30 minutes and then centrifuged at 4500rpm for 15 mins at 4°C.
Supernatants were transferred to 50ml Falcon tubes containing imidazole (Sigma,
12399 - final concentration 10mM) and 0.5ml of nickel agarose beads (Qiagen, Ni-NTA
50% soln, 30210) pre- equilibrated with PBS buffer. Vy binding to the nickel agarose
beads was allowed to proceed for 2 hours at 4°C with gentle shaking. The nickel
agarose beads were then transferred to a polyprep column (BioRad™, 731-1550) and
the supernatant discarded by gravity flow. The columns were then washed 3 times with
5ml of PBS+0.05% Tween™ followed by 3 washes with 5ml of PBS containing
imidazole at a concentration of 20mM. Vy were then eluted from the columns by the
addition of 250ul of PBS containing imidazole at a concentration of 250mM. Imidazole
was then removed from the purified Vy preparations by buffer exchange with NAP-5
columns (GE Healthcare, 17-0853-01) and then eluting with 1ml of PBS. Yields of
purified Vi, were estimated spectrophotemetrically and purity was assessed using SDS
PAGE.
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The binding ELISA for crude or purified Vy was similar to the serum ELISA and phage
ELISA, previously described, mostly differing in the final detection steps. Briefly,
antigen was immobilised on maxisorb plates (Nunc 443404) by adding 50ul volumes at
0.1 - 1ug/ml in PBS and incubating at 4°C overnight. Following coating, the antigen
solution was aspirated and the plates were washed using PBS (prepared from PBS
tablets, Oxoid cat no. BR0014G) supplemented with 0.05% Tween® 20 (sigma P1379),
followed by washes with PBS without added Tween®. To block non-specific protein
interactions, a solution of 3% skimmed milk powder (Marvel) in PBS was added to the
wells and the plate was incubated for at least one hour at room temperature. Dilutions
of periplasmic extract or purified Vy in 3% Marvel/PBS were prepared in polypropylene
tubes or plates and incubated for at least one hour at room temperature prior to
transfer to the blocked ELISA plate where a further incubation of at least one hour took
place. Unbound protein was then washed away using repetitive washes with
PBS/Tween® followed by PBS. A solution of HRP-conjugated anti-His Ab (Miltenyi
Biotec, 130-092-785), prepared at 1:1000 dilution in PBS/3% Marvel was then added to
each well and a further incubation at room temperature for at least one hour took place.
Unbound detection antibody was removed by repeated washing using PBS/Tween®
and PBS. The ELISA was then developed using TMB substrate (Sigma cat. no.
T0440) and the reaction was stopped after 10 minutes by the addition of 0.5M H,SO,
solution (Sigma cat. no. 320501). Absorbances were determined by reading at 450nm.

Example ELISA data is shown in Figure 14.

b) R/L Biochemical Inhibition Assay

Vy, both purified and crude periplasmic extracts, were also tested for their ability to
inhibit the interaction of IL-17A with recombinant IL-17RA-Fc. Maxisorb 96F well
mictrotitre plates were incubated with 50ul solution of 2nM IL-17-RA (R & D systems,
cat # 177-IR-100) and incubated overnight at 4°C. Following washing of excess
coating antigen, as described above, the wells of the plate were incubated with
3%Marvel/PBS to block non-specific protein interactions. Vy preparations, crude
periplasmic extracts or purified Vy, or suitable controls, were prepared with 1nM
recombinant IL-17A (Peprotech, cat# AF-200-17) in 3% skimmed milk powder /PBS
solution in polypropylene plates or tubes. The mixture was then transferred to the
assay plate and incubated for 1 hour at room temperature. Excess protein was
removed by washing and bound IL-17A was detected by incubation with biotinylated
anti-IL-17A Mab (R & D Systems, cat BAF317) followed by the addition of neutravidin-
HRP (Pierce, cat# 31030) and TMB substrate (Sigma, cat# T0440). The TMB reaction
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was stopped by addition of 0.5M H,SO, and absorbances were measured at 450nm in
a plate reader.

Where appropriate, curve fitting in PRISM was used to determine the ECs, of inhibiting
Vy. Example data illustrating inhibition of IL-17A responses in the biochemical assay
are shown in Figure 10. V4 were expressed from phagemid vector and have the
following C terminal extension LEGGGS HHHHHH (SEQ ID NO.2606).

¢) R/L Cell Based Inhibition Assay

An assay was developed to measure the ability of IL-17RA -binding Vy to inhibit IL-
17A-induced IL6 release from the cell line, HT1080 (ECACC cat #85111505). The cell
line was maintained in exponential growth in MEM with Earles’s salts, supplemented
with  non-essential amino acids, 10% FBS, 2mM L-Glutamine and
penicillin/streptomycin and incubated in a humidified incubator at 37°C, 5% CO,. For
the assay, 50,000 cells/well were seeded into a 96 flat bottomed tissue culture plate
and cultured overnight. Serial dilution of purified Vi were prepared and incubated at
37°C for 1 hour with culture medium/PBS supplemented with 10ng/ml IL-17A
(Peprotech cat# AF200-17). Following incubation, the V/IL-17A mixture (or suitable
controls) were transferred to the HT1080 cells (from which culture medium had been
aspirated) and incubated for a further 5 hours in the CO, incubator. The cell culture
supernatant was collected and assayed for IL6 using the IL-6 Duoset (R & D Systems,
cat# DY206), following manufacturer's instructions. Example data illustrating inhibition
of IL-17A responses in the cell based assay are shown in Figure 11. Vy were
expressed from phagemid vector and have the following C terminal extension
LEGGGS HHHHHH.

d) Biacore®.

Binding kinetics of anti-IL-17RA Vg antibodies were measured on a BlAcore® T200
instrument. For IL-17RA, first a protein G chip was prepared by diluting protein G to
20ug/ml in acetate buffer, pH 4 (BlAcore®, cat# BR-100-49) and then coupled 1200 RU
to a CM5 Series S chip using amine coupling chemistry. This surface was then used to
capture IL-17RA Fc fusion protein from solution: IL-17RA at 10ug/ml in HBS injected
for 10 seconds at 30ul/min flow rate would capture approximately 100-150RU of IL-

17RA onto the protein G surface.

Binding kinetics of anti-IL-17RA V}, antibodies were determined by single-cycle kinetics.
Vy antibodies were prepared in dilution series (typically 1:3 dilution series starting with

100nM Vy at the highest concentration), and then injected over the antigen coated
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surfaces and also a blank surface, starting with the lowest concentration of V and then
working progressively up to the highest concentration. Vy binding kinetics were then
determined from the (blank subtracted) sensorgram traces using 1:1 binding models

and BlAevaluation software. Example BlIAcore® binding traces are shown in Figure 12.

5
Following the above screening cascade, a number of Vy to IL-17R were identified that
demonstrated inhibitory properties. These are summarised below in table 9. The clones
are the parent clones for optimisation.
Table 9
10
Clone CDR3 sequence Biochem | Cell BlAcore
name IC50 assay (Affinity)
(nM) IC50 KD (M)
(nM)
2.1 GRRDDWKNNY 3.7 280 7.0E-09
SEQ ID NO1267
1.1 EKGLGFCRGGSCSY | nd 4.7 6.3E-11
FDY
SEQIDNO3
5.1 NGARYNWNYGDFQH | 80 73 4.1E-08
IL- Immunised SEQ ID NO 2559
17RA mouse 4.1 GGYNAWRTDY SEQ | nd 282 4.5E-09
ID NO 2131
3.1 GWESGWFEP SEQ | 11 Weak 9.6E-09
ID NO 1767
6.1 KDITNIAVGSLGY nd 233 3.1E-08
SEQ ID NO 2575
7.1 SRDWGSRAFDI SEQ | nd 1840 3.7E-07
ID NO 2579
EXAMPLE 8. Optimisation of V
15 a. Optimisation of V, Isolated from Immunised Mice

Where appropriate, a novel optimisation strategy was used to increase binding affinities

of Vy isolated from immunised mice. Lead VH were aligned with other members of the
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same lineage to identify somatic hypermutation hot-spots targeted during the immune
response (Figure 13). The choice of amino acids at these positions formed the basis of
a new recombination library approach, and led to the design of new libraries aimed at
selecting higher affinity Vy with optimal amino acids at each mutation hot-spot.

As an example for IL-17RA, clone 2.1 was isolated directly from immunised TKO
mouse. This Vy was shown to bind IL-17RA with high affinity Alignment of clone 2.1
with other members of the same lineage identified a number of amino acid positions
that had been mutated during the immune response, and both Vy-CDRs and V-
framework regions were affected. This information was then utilised to design a new
clone 2.1 recombination library with the aim of identifying a higher affinity variant of
clone 2.1. Following construction and phage display selection of a recombination

library a new variant was isolated (2.2) that was improved in affinity by 10-fold.

Phusion High fidelity PCR master mix with HF buffer (cat # F531L, NEB) was used for
the PCR reactions which were set up for each primer pairing as follows:
Phusion HF 2x mix 25ul

Primers (10uM) 1.25ul each (pairings as in table)
53F9 plasmid DNA (34ng/ul) 0.5ul
Nuclease-free H,O to 50ul final volume

PCR was performed as follows;

98°C 30sec

98°C 10sec

58°C 20sec 31 cycles

72°C 20sec

72°C 10min

Hold at 10°C
The products of each PCR were analysed on a 1% agarose gel. Each product was
then purified using Fermentas PCR purification kit (KO701) into 40ul elution buffer.

Assembly PCRs were then set up to rebuild the full V; sequence:

Phusion HF 2x mix 25ul
Purified PCR product 1 5ul
Purified PCR product 2 5ul
Purified PCR product 3 5ul
Purified PCR product 4 5ul
Purified PCR product 5 5ul

PCR was performed as follows;
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98°C 30sec

98°C 10sec

58°C 20sec 5 cycles

72°C 20sec
Added 0.5ul of primers V3/pelB (long) and VH_J/F (long) (both 10uM) to the reaction
and then continued for a further 10 PCR cycles at the above conditions. The PCR
product was analysed on a 1% agarose gel and purified using Fermentas PCR
purification kit into 40ul elution buffer. The PCR product was then used as a
megaprimer for library construction as described above in Example 5, part b. Phage
display selections and Vy screening was then performed as described in examples 7
and 8, following which several new variants of clone 2.1 were isolated with up to 10-

fold improved affinities.

Following the lead optimisation steps, the potencies of improved Vy were as follows:

a) Table 10 Vy produced following optimisation of anti-IL-17RA Vy family 2

Vy name | CDR3 sequence Biochem | Cell BlAcore (Affinity)
IC50 assay
(nM) IC50

(nM) ka (1/Ms) | kd (1/s) | KD (M)

21 GRRDDWKNNY 3.7 280 3.68E+05 | 2.63E-03 | 7.0E-09

SEQ ID NO 1267

2.3 GRRDNWKNNY 1.3 118 5.55E+05 | 0.001368 | 2.50E-
09
SEQ ID NO 1275
2.2 GRRDDWKNNY 1.4 61 5.79E+05 | 7.99E-04 | 1.40E-
09

SEQ ID NO 1271

Optimised V, show improved affinities to IL-17R and improved potencies in the IL-17R

cell based assay due to slower off-rates (Figure 15).

EXAMPLE 9 — Characterisation of Vy
a. Specificity of anti-IL-17A
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The specificity of individual Vy for target antigen was confirmed by ELISA, following the
methods described in Example 8(a). Vy were tested for binding to IL-17RA and shown
not to cross-react with close relatives such as IL-17RB, IL-17RC and IL-17RD. (Figure
14).

b. Epitope Mapping
VH were shown to bind to unique epitopes of IL-17RA using a BlAcore T200
instrument. Manual sensorgrams were initiated at 30ul/min in HBS buffer and Vy
injected as appropriate over the IL-17RA coupled CM5 chip coupled CM5 chip, plus a

blank surface for reference subtraction (Figure 15).

For IL-17RA, IL-17RA-Fc fusion protein was first captured on a protein G chip by
injecting IL-17RA-Fc at 10ug/ml in HBS buffer for 10 seconds. This surface was then
used to measure binding and competition between different anti-IL-17RA Vy following
the method described above. Epitope competition data is presented for 1.1 and 2.2
(Figure 15). Vy were expressed from phagemid vector and have the following C
terminal extension LEGGGS HHHHHH (SEQ ID NO.2606).

c. HPLC Size Exclusion Chromatography

Purified Vy (clones 1.1, 1.2, 2.1) were subjected to size exclusion chromatography.
Briefly, purified Vy were analysed using a Water® 2795 Separation Module with a
Waters® 2487 Dual A #absorbance Detector — (Detected at 280nM) and a TSKgel
G2000SWXL (TOSOH) column. Samples were injected in 10-50ul volumes and run in
mobile phases of either 10% isopropanol / 90% PBS or 100mM Phosphate buffer, pH
6.8, 150mM NacCl at a flow rate of 0.5ml/min — 0.7ml/min. Data were collected for up to
35 minutes and the size of the Vy, fraction compared with known standards (see Figure
16). Vy were expressed from phagemid vector and have the following C terminal
extension LEGGGS HHHHHH (SEQ ID NO.2606).

95



10

15

20

25

30

35

WO 2016/113555 PCT/GB2016/050067

CLAIMS:

1.

10

11.

A binding molecule capable of binding human IL-17RA comprising a human
heavy chain variable immunoglobulin domain (Vy) comprising a CDR3
sequence comprising SEQ ID NO. 3 or a sequence with at least 70%, at least
80%, at least 90%, or at least 95% homology to SEQ ID NO. 3.

A binding molecule according to claim 1 comprising at least one
immunoglobulin single domain antibody.

A binding molecule according to claim 1 or 2 comprising a CDR1 sequence
comprising SEQ ID NO. 1 or a sequence with at least 70%, at least 80%, at
least 90%, or at least 95% homology thereto and a CDR2 sequence comprising
SEQ ID NO. 2 or a sequence with at least 70%, at least 80%, at least 90%, or
at least 95% homology thereto.

A binding molecule according to claim 3 wherein said CDR1 sequence
comprises or consists of SEQ ID NO. 1, 5, 9, 13, 17 or 21, said CDR2
sequence comprises or consists of SEQ ID NO. 2, 6, 10, 14, 18 or 22 and said
CDR3 sequence comprises or consists of the amino acid sequence SEQ ID
NO: 3,7, 11,15, 19 or 23.

A binding molecule according to a preceding claim wherein the binding
molecule comprises a CDR1, CDR2 and CDR3 sequences as shown for a V
sequence of any of clones 1.1 to 1.316 in Figure 1.

A binding molecule according to a preceding claim wherein said Vy domain
comprises or consists of SEQ ID NO. 4 or a sequence with at least 40%, 50%,
60%, 70%, 80%, 90% or 95% homology thereto.

A binding molecule according to a preceding claim wherein said Vy domain
comprises or consists of SEQ ID NO. 8, 12, 16, 20 or 24.

A binding molecule according to a preceding claim wherein the V,, domain is
selected from a Vy domain as shown for clones 1.1 to 1.316 in Figure 1.

A binding molecule capable of binding human IL-17RA comprising a human Vy
domain comprising a CDR3 sequence comprising SEQ ID NO. 1267 or a
sequence with at least 70%, at least 80%, at least 90%, or at least 95%
homology to SEQ ID NO. 1267.

.A binding molecule according to claim 9 comprising at least one

immunoglobulin single domain antibody.
A binding molecule according to claim 9 or 10 comprising a CDR1 sequence

comprising SEQ ID NO. 1265 or a sequence with at least 70%, at least 80%, at

96



10

15

20

25

30

35

WO 2016/113555 PCT/GB2016/050067

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

least 90%, or at least 95% homology thereto and a CDR2 sequence comprising
SEQ ID NO. 1266 or a sequence with at least 70%, at least 80%, at least 90%,
or at least 95% homology thereto.

A binding molecule according to any of claims 9 to 11 claim wherein the binding
molecule comprises a CDR1, CDR2 and CDR3 sequence as shown for a Vy
sequence of any of clones 2.1 to0 2.125 in Figure 2.

A binding molecule according to any of claims 9 to 12 wherein in said the
binding molecule CDR1 is SEQ ID NO. 1269, CDR2 is SEQ ID NO. 1270 and
CDR3is SEQ ID NO. 1271 or CDR1 is SEQ ID NO. 1273, CDR2 is SEQ ID NO.
1274 and CDR3 is SEQ ID NO. 1275.

A binding molecule according to any of claims 9 to 13 wherein said Vy domain
comprises or consists of SEQ ID NO. 1268 or a sequence with at least 40%,
50%, 60%, 70%, 80%, 90% or 95% homology thereto.

A binding molecule according to any of claims 9 to 14 wherein the Vy domain is
selected from a Vy domain as shown for clones 2.1 to0 2.125 in Figure 2.

A binding molecule capable of binding human IL-17RA comprising a human Vy
domain comprising a CDR3 sequence comprising SEQ ID NO. 1767 or a
sequence with at least 70%, at least 80%, at least 90%, or at least 95%
homology to SEQ ID NO. 1767.

A binding molecule according to claim 16 comprising an at least one
immunoglobulin single domain antibody.

A binding molecule according to claim 16 or 17 comprising a CDR1 sequence
having SEQ ID NO. 1765 or a sequence with at least 70%, at least 80%, at
least 90%, or at least 95% homology thereto and a CDR2 sequence having
SEQ ID NO. 1766 or a sequence with at least 70%, at least 80%, at least 90%,
or at least 95% homology thereto.

A binding molecule according to claim 18 wherein the binding molecule
comprises CDR1, CDR2 and CDR3 sequences as shown for a V; sequence of
any of clones 3.1 to 3.91 in Figure 3.

A binding molecule according to claim 19 wherein said CDR1 comprises SEQ
ID NO. 1765, said CDR2 comprises SEQ ID NO. 1766 and said CDRS3
comprises SEQ ID NO. 1767.

A binding molecule according to any of claims 16 to 20 wherein said Vy domain
comprises or consists of SEQ ID NO. 1768 or a sequence with at least 40%,
50%, 60%, 70%, 80%, 90% or 95% homology thereto.

A binding molecule according to any of claims 16 to 21 wherein the Vy domain

is selected from a Vy domain as shown for clones 3.1 to 3.91 in Figure 3.
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23.

24.

25.

26

27

28

29.

30

31.

32

33.

A binding molecule capable of binding human IL-17RA comprising a human Vy
domain comprising a CDR3 sequence comprising SEQ ID NO. 2131 or a
sequence with at least 70%, at least 80%, at least 90%, or at least 95%
homology to SEQ ID NO. 2131.

A binding molecule according to claim 23 comprising at least one
immunoglobulin single domain antibody.

A binding molecule according to claim 23 or 24 comprising a CDR1 sequence
having SEQ ID NO. 2129 or a sequence with at least 70%, at least 80%, at
least 90%, or at least 95% homology thereto and a CDR2 sequence having
SEQ ID NO. 2130 or a sequence with at least 70%, at least 80%, at least 90%,

or at least 95% homology thereto.

. A binding molecule according to any of claims 23 to 25 wherein said binding

molecule comprises a CDR1, CDR2 and CDR3 sequences as shown for a V

sequence of any of clones 4.1 to 4.107 in Figure 4.

. A binding molecule according to claim 26 wherein said CDR1 comprises SEQ

ID NO. 2129, said CDR2 comprises SEQ ID NO. 2130 and said CDRS3
comprises SEQ ID NO. 2131.

. A binding molecule according to any of claims 23 to 27 wherein said Vy domain

comprises or consists of SEQ ID NO. 2132 or a sequence with at least 40%,
50%, 60%, 70%, 80%, 90% or 95% homology thereto.
A binding molecule according to any of claims 23 to 28 wherein the Vy domain

is selected from a Vy domain as shown for clones 4.1 to 4.107 in Figure 4.

. A binding molecule capable of binding human IL-17RA comprising a human Vy

domain comprising a CDR3 sequence comprising SEQ ID NO. 2559 or a
sequence with at least 70%, at least 80%, at least 90%, or at least 95%
homology to SEQ ID NO. 2559.

A binding molecule according to claim 30 comprising at least one

immunoglobulin single domain antibody.

. A binding molecule according to claim 30 or 31 comprising a CDR1 sequence

having SEQ ID NO. 2557 or a sequence with at least 70%, at least 80%, at
least 90%, or at least 95% homology thereto and a CDR2 sequence having
SEQ ID NO. 2558 or a sequence with at least 70% at least 80%, at least 90%,
or at least 95% homology thereto.

A binding molecule according to any of claims 30 to 32 wherein the binding
molecule has CDR1, CDR2 and CDR3 sequences as shown for a V, sequence

of any of clones 5.1 t0 5.4 in Figure 5.
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34.

35.

36.

37

38.

39

40.

41

42.

43

44,

A binding molecule according to claim 33 wherein said CDR1 comprises SEQ
ID NO. 2557, said CDR2 comprises SEQ ID NO. 2558 and said CDRS3
comprises SEQ ID NO. 2559.

A binding molecule according to any of claims 30 to 34 wherein said Vy domain
comprises or consists of SEQ ID NO. 2560 or a sequence with at least 40%,
50%, 60%, 70%, 80%, 90% or 95% homology thereto.

A binding molecule according to claim 35 wherein the Vy domain is selected

from a Vy domain as shown for clones 5.1 to 5.4 in Figure 5.

. A binding molecule capable of binding human IL-17RA comprising a human Vy

domain comprising a CDR3 sequence comprising SEQ ID NO. 2575 or a
sequence with at least 70%, at least 80%, at least 90%, or at least 95%
homology to SEQ ID NO. 2575.

A binding molecule according to claim 37 comprising an immunoglobulin single

domain antibody.

. A binding molecule according to claim 37 or 38 comprising a CDR1 sequence

having SEQ ID NO. 2573 or a sequence with at least 70%, at least 80%, at
least 90%, at least 95% homology thereto and a CDR2 sequence having SEQ
ID NO. 2574 or a sequence with at least 70% at least 80%, at least 90%, or at
least 95% homology thereto.

A binding molecule according to any of claims 37 to 39 wherein said Vy domain
comprises or consists of SEQ ID NO. 2576 or a sequence with at least 40%,
50%, 60%, 70%, 80%, 90% or 95% homology thereto.

. A binding molecule capable of binding human IL-17RA comprising a human Vy

domain comprising a CDR3 sequence comprising SEQ ID NO. 2579 or a
sequence with at least 70%, at least 80%, at least 90%, or at least 95%
homology to SEQ ID NO. 2579.

A binding molecule according to claim 41 comprising at least one

immunoglobulin single domain antibody.

. A binding molecule according to claim 41 or 42 comprising a CDR1 sequence

comprising SEQ ID NO. 2577 or a sequence with at least 70%, at least 80%, at
least 90%, or at least 95% homology thereto and a CDR2 sequence comprising
SEQ ID NO. 2578 or a sequence with at least 70% at least 80%, at least 90%,
or at least 95% homology thereto.

A binding molecule according to any of claims 41 to 43 wherein said Vy domain
comprises or consists of SEQ ID NO. 2580 or a sequence with at least 40%,
50%, 60%, 70%, 80%, 90% or 95% homology thereto.
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45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

A binding molecule according to a preceding claim wherein the binding
molecule has an ICsq for inhibition of IL-6 production of about 0.2 to about 500
nM when tested as described in the examples, i.e. by measuring the ability of
IL-17R-binding molecule to inhibit IL-17R induced IL-6 release from the cell line
HT1080.

A binding molecule according to a preceding claim wherein said binding
molecule has a KD (M) value in the range of from 6 x 10" to 3 x 107, preferably
in the range of from 1 x 10° to 6 x 10", preferably when assessed by
BlAcore®.

A binding molecule according to a preceding claim wherein said binding
molecule comprises two or more V domains wherein at least one of the Vy
domains binds specifically to IL-17RA.

A binding molecule according to a preceding claim wherein said binding
molecule binds specifically to human IL-17RA.

A binding molecule according to a preceding claim wherein said binding
molecule is conjugated to a toxin, enzyme or radioisotope or other chemical
moiety.

A binding molecule according to a preceding claim obtained or obtainable from
a transgenic mouse that does not produce any functional endogenous light or
heavy chains.

A binding molecule that competes for binding to human IL-17R with a binding
molecule of any one of claims 1 to 50.

A pharmaceutical composition comprising a binding molecule according to any
preceding claim and a pharmaceutical carrier.

A pharmaceutical composition according to claim 52 comprising a chemical skin
penetration enhancer.

A method for treating an disease selected from autoimmune diseases,
inflammatory conditions, allergies and allergic conditions, hypersensitivity
reactions, severe infections, and organ or tissue transplant rejection, comprising
administering an effective amount of a binding molecule according to any of
claims 1 to 51 or a pharmaceutical composition according to claim 52 or 53.

A method according to claim 54 wherein the disease is selected from psoriasis,
spondyloarthropathies, uveitis and atopic dermatitis.

A method according to claim 54 or 55 wherein the binding molecule or
pharmaceutical composition is formulated for administration topically to the skin.
A binding molecule according to claims any of clams 1 to 51 or a

pharmaceutical composition according to claim 52 or 53 for use as medicament.
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58.

59.

60.

61.

62.

63.

64.

A binding molecule according to any of claims 1 to 51 or a pharmaceutical
composition according to claim 52 or 53 for use in the treatment of a disease
selected from an autoimmune disease, inflammatory conditions, allergies and
allergic conditions, hypersensitivity reactions, severe infections, and organ or
tissue transplant rejection.

A binding molecule according to claim 58 wherein the disease is selected from
psoriasis, spondyloarthropathies, uveitis and atopic dermatitis.

A binding molecule or pharmaceutical composition according to claim 58 or 59
wherein the binding molecule or pharmaceutical composition is formulated for
administration topically to the skin.

Use of a binding molecule according to any of claims 1 to 51 or a
pharmaceutical composition according to claim 52 or 53 in the manufacture of a
medicament for the treatment of a disease selected from an autoimmune
disease, inflammatory conditions, allergies and allergic conditions,
hypersensitivity reactions, severe infections, and organ or tissue transplant
rejection.

The use according to claim 61 wherein the disease is is selected from psoriasis,
spondyloarthropathies, uveitis and atopic dermatitis.

The use according to claim 61 or 62 wherein the binding molecule or
pharmaceutical composition is formulated for administration topically to the skin.
A method according to claims 54 to 56, a binding molecule according to claims
57 to 60, a use according to claims 61 to 63 wherein said disease is selected
from the following non-limiting list: psoriasis, systemic lupus erythematosis,
rheumatoid arthritis, osteoarthritis, juvenile chronic arthritis,
spondyloarthropathies, systemic sclerosis, idiopathic inflammatory myopathies,
Sjogren's syndrome, systemic vasculitis, sarcoidosis, autoimmune hemolytic
anemia, autoimmune thrombocytopenia, thyroiditis, diabetes mellitus, immune-
mediated renal disease, demyelinating diseases of the central and peripheral
nervous systems such as multiple sclerosis, idiopathic demyelinating
polyneuropathy or Guillain Barre syndrome, and chronic inflammatory
demyelinating polyneuropathy, hepatobiliary diseases such as infectious,
autoimmune chronic active hepatitis, primary biliary cirrhosis, granulomatous
hepatitis, and sclerosing cholangitis, inflammatory bowel disease, gluten-
sensitive enteropathy, and Whipple's disease, autoimmune or immune-
mediated skin diseases including bullous skin diseases, erythema multiforme
and contact dermatitis, allergic diseases such as asthma, allergic rhinitis, atopic

dermatitis, food hypersensitivity and urticaria, immunologic diseases of the lung
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65.

66.

67.

68.

69.
70.

71.

72.

73.

74.

such as eosinophilic pneumonia, idiopathic pulmonary fibrosis and

hypersensitivity pneumonitis, autoimmune haematological disorders (including

e.g. hemolytic anaemia, aplastic anaemia, pure red cell anaemia and idiopathic

thrombocytopenia), autoimmune inflammatory bowel disease (including e.g.

ulcerative colitis, Crohn's disease and Irritable Bowel Syndrome),

transplantation associated diseases including graft rejection and graft-versus-

host-disease.

An in vivo or in vitro method for reducing human IL-17RA activity comprising

contacting human IL-17RA with a binding molecule according to any of claims 1

to 51.

A method for determining the presence of IL-17RA in a test sample by an

immunoassay comprising contacting said sample with a binding molecule

according to any of claims 1 to 51 and at least one detectable label.

A method of claim 66 wherein said method comprises diagnosing or assessing

the efficacy of prophylactic or therapeutic treatment of a patient.

An isolated nucleic acid molecule comprising a nucleotide sequence encoding a

binding molecule according to any of claims 1 to 51.

A nucleic construct comprising a nucleic acid according to claim 68.

An isolated host cell comprising a nucleic acid according to claim 68 or a

construct according to claim 69.

A method for producing a binding molecule according to any one of claims 1 to

51 comprising expressing a nucleic acid encoding said binding molecule in a

host cell and isolating the binding molecule from the host cell culture.

A kit comprising a binding molecule according to any of claims 1 to 51 or a

pharmaceutical composition according to claim 52 or 53.

A method for producing a binding molecule comprising at least one

immunoglobulin single domain antibody directed against IL-17RA wherein said

domain is a human Vy domain said method comprising

d) immunising a transgenic mouse that expresses a nucleic acid construct
comprising human heavy chain V genes and that is not capable of making
functional endogenous light or heavy chains with an IL-17RA antigen,

e) generating a library from said mouse and

f) isolating Vy domains from said libraries.

A biparatopic, bivalent or multispecific binding molecule comprising a binding

molecule as defined in any of claims 1 to 51.

102



PCT/GB2016/050067

WO 2016/113555

1127

SSALAGLOCDY]  AQIXSOSDOSDXDISSA MYOAATYIAHVATSNWOTIAISNAYNGES T 144 OMASAUAMNMOSNMSIY SAMATOMOAYOUAM HWYAG YALIDGYYISTHISHDADAIDNOSEATL St
,WN IAOLOCHY  AQIXSISODSOXDTISSA AYOALATYIAAVITSNWGTILTSIAVNAES I LAY DYASQUAMMOSNMSIO SAMHTOASIVONAM HWYAQ YALIADSWYISTITISEDADATOODSIATOAD Py T
LADIOUYY  XQ4X808§998DX9TSSA MVDAATYIAEVI TSN IATSIBIYNAISILAY DYASAYAMMEDSNMSTO SAMTTONOAYOAN HWYAC YALIDSVEISTITISIDADNTIONOSEATOAT €5 1

£ H.\/LOHD)D/& AQIXSOSODSOADTSSA AYOAATVIAEVITISNHO TR ISIDIVNAYS I LAY DMASQYAMMNIOSNMSID SAMITONSIYOUAM HNYAQ YALIDSYYOISTITISUOAOATOODSEATOAD YT
ALATIONDY  XQAASOSDOSOADISSA MYDILTYIAETAISMMOTLISIDIYNGYSI I DMASAYAMMNOSNMSID  SAMTTENOAVOUAN HNYAQ CALADSVYOSTATSNOONTIODSEATOAY TP 1
.\/H\/_AHD,/QF AQASSOSDOSOADTISSA MVOILTYLAAVYISNMO TR ISINYNAES I LD DMASAUADNIOONMSID SAMITLNOIVOUAM HNYAQ CALIADSWYISTATSOOADATODOSEATOAD 0" T
SAIATIO0ON — XQJHSDSOOSOXDTISSA MVORATZICHVITSNRDTUISIMVNAQUSTI I DYASAVADWHOSNMSIO SAMITOASIVONAM HWYAQ C4IIDSWYOSTATONOA0ATODOSIANTIOAD 6871
RIATIO06Y XQ4SSOSDOSORDTSSE| V012 T LAAVHTSIHOTATS VNGNS T 147 OMASAUADTUDSNMSTS] SAMITON %%m\,',,s HAYAG CAL3DSWYOSTHISUOd0ATONDSANTOND, 88 1
ALATIOUON  A0ASSOSD9SDADTSSH MYOAATYIAAVITSNKDIAISIVNCGUS T 1T OYASAYADINOSNMSID) mavad CI1IDSVYOSTAISNDA0ATODOSAATOAT L€
VTEODOM]  AAASSOSDOS0A0ISSTE DA TELAAVTS E&ﬂdmﬁzaﬁimm DUASAYADTUOSNMSID) HWYAQ CALIDSWYOS TATONDADATOODSAATOAD  9€ " 1
VIIOGOM  AQISSOSDOSOADTSSH VOALTY OUASAUADIUOSNMSID) WAYAG CALADEVVOR TUTouDICATODDSHATOAD  GE' 1
SALATIONSY  2QdSSOSDOSOADTSSH FATY 4| OMASAQUASIMOSNMSIO BAYAG CALIDSVVOL THTCHOdCATOO0SANTOND 75 1
SAIATIO00  AGASSOSSOSOADTSSE NoiiTUidEauis zyoﬂy.béfzomadmm DRASAVAO THOSNMS IS ATONEITE HAYAd CALIDEVVOETAISUDACATODDSAATOAD  £€° 1
SSAIATIOOOM  AQASSISHOSIAOTSSA MYLAXTYLATDNTSHWOTATSNMYNGNSILZAY OMASAUAMPIOSNMSID SAMITOMOAYOMAM HWYAC CALIDSYYOVTITISHHACATOONSHATOAS e T
55414710091  XAANSOSIDSDIADISSA MYOAXTVLIQEDIISHIWOTATSNUNGYSIISE OMASAUADMMOSNMSI®  SAMTTONOJvOHAM] HWYAQ CILIDSYVOSTHISEDIDATIOODSHATONE 11
SSAIATIONOM  XQANSOSDOSOADISSA MVOAXTYIGETATSHWOTATSMNYNGICILI DMASAUADNEDSNMSIO, SAMITONDIVOH HWYAQ CALIDSYVOSTIISHSADAIOODSHATOAE  0€° 1
SSAIATIONON  AGINSISOOSOADTISSH MYIAXTYIQAVITSNROTATOMIVNGISILIIE OIASAYAOMEOSNMSIO SAMATONDAYOIAM HWVYAQ CALIDSYVOSTIISIDAOATOONNSIATOAY T
SSAIATIDOOM  ARAINSOSOOSOADTISSH MYIOAXTVIATVITSNWOTATOMIYNOISIIIE ODVASACAOMADSNMSIO SAMATONDITOTAN HWVYAQ CALIDSVYDSTIISIDICATONDSIATOAT 17T
SSA] AQANSOSODSIXDTSSH JIVOAXTVIATVATSNKOTLTOAIYNMISILIY SOIASAUIONIDSNMSTY SAMATOND mﬁwux\(,& HWYACG CALIDSYVOSTIISEDADATOOOSIATOAT [
SSA XQASSOSHDSIXDTSSA  HY0AATYLIAVHTSNROTATSMIVIAES I 1.3 DYASAVAGINOONMSTS] SAMTISNOAYOdAN] HWYAQ wALIDSYYOSTIISHOIOATDOOSEATOAY 92 1
SSALATIH AQISSOSHISIXDTSSA  AVOALTVITIVATSNROTATSIIVHAES 114 DUASAVAAINOONMSID) 5dvDdAM HWYAQ ¥ALIDSYYOSTHISHIEOATONOSEATT ST 1
SSALATYO0ON  AQISSOSODSIADISSA MYOAXTVIOIVATSNROTATSNIVHAAS 114y DIASAVADNEDSNMS IO 5dvDdAM HWYAQ CALIDSYYOSTHISHSEOATOOOSEAT0AH ¥ 1
RS LOTOH AQISSOSODSOADTSSA AVDALT AVITSNRCTATSNIAVNTIS T LY OMASAUAOMEOSNMSIO SAMATIIDIVOLUAM HWYAQ CALIDSVYISTITSIDADATODDSTATOAD €71
/ AQASSOSODSIADTSSA HAVDAAT AVITSNHRCTATSNAVNIGS I LAY OMASAUAOMIOSNMSIO SAM SIVOAAM  HWYAQ ALADSYY IS TITSIDADATOONDYTATOAD X
.\/H.\/LQHD)DE AQISSOSODSOADTSSA AYOAATVIAEVITISNHO TR ISIDIVNAYS I LAY DMASQYADNIOSNMSID SAMITONSIYOUAM HNYAQ CALIDSYVYOISTITISUOAOATOODSEATONAT TZ T
SSALATIOUON  AQASSOSDDSOADTSSE AVOAATYLOHVATONNG 1A TSNAVNAAG T 14y DIASAYADIEDSNMSID © UDAVOUAN  HAYAQ G4LADSYYOS TATSaDdOATONDSIATOAD, 02 &
\IATIOUON  AQASSOSO9SIADTSSH Fvo KA TV LTIV TSNRGTATSIDIVNGNS T 1.0 OYASAVADINOSNMSID) R I R R R N R s I
SSALATIONON AQASSOSODSOXDISSE MVOAATYIOEVITISNNCTATSIMYNGYSILAY DYASAUADINOSNMSIO SAMITIOMOAVOMAN HWVAQ CJA1IDSVYISTEISNOADATONISEATOAD B
SSALATIODON NQ&WMUWQEWUNUAWWH AYORLTELAIVITSNROTATSMYVNAES T 1.4y OMASAYADIEOSNMSID, SAMITONOAVOUAM HWYAQ CALADSVYISTATSUDADATODDSHATCAE T
SSALATLODODM NQ&WMUWQEWUNUAWWH MYOXRATYLATVITSNROTATSNAVNAYS T 1.0 OMASAYADTIOSNMS IO, @K&MADMD&JOWEB HRYAQ CJALIDCYYISTIATSEOIDATOODSHATOAD T
SALATIODOM Nﬂhmmumwwmowwﬂwmﬂ SMYIRLTYIAAWVI TS NROTATSNAVNAYS T 1.0 OMASAYADTUDSNMS IO m&.sdJD&wm \Um HWYAA CALIDSYVISTITSNOADATOODSAATOAT B
ATIODDM Nﬂhmmumwwmowwﬂwmﬂ SMYORLTYIAAVITSNROTATSNAVNANS T 1.0 OMASAUADIYOSNMSID, S HWYAQ CALIDSYVISTITSNOADATOODSAATOAR T
SAIATIO0DM  AQASSOSDOSOADISSE MVOXATVAIGIVHTLNKO A TSHAYNGYST 144 OMASAVADIMOSNMSID & BRYAd CALI0SVVOSTEISNOd0ATOHISAATOAT] B
SALATIONOM  AQASSOSDOSOADISSE MYIAATYIGEVMISNWOTATSHMUNGNSIIN] DMASAUADINOSNMSID S BWYAC GALIDSVVOSTEISNOACATONDSANTOAT] B
AIATIODOM Nﬂhmwowwwmowwﬂmwﬂ METDARTELIQETL IS NHWOTA IS NYYNOYS T 144 OMASAYXOINOSNMSID, A HIWZAJ EMHMLumeruqmqﬂML&O:ACOr/im\/;ACNJM T
VILOOOM Nﬂhmmumwwmowwﬂmmﬂ > AT TSNROTATSNMYNGIS I IAYE OMASAYASTIOSNMSID o HWYAQ CALIDSWYDISTATSEDICATOODSHATOAT B
SALATIONOM Maﬁmmumwwmuwwdmmi MYIAXTELAEVITSNROTATENAYNGIS I 1Y DIASAVADTEOSNMSIS SAMITONODAVOEAM HWYAQ CALIDSYYDISTATSHOICATOOLSHATOAT T
SSAIATIONOM  RQJSSOSDOSOADTISSH MYOALTVLOIVUISNWOTATSNAUNGASIIIY OYASAVADINOSNMSID 5AMITONOAYOHAN HWVAQ CALADSVYOS TUTSHOdOATODOSHATOAR T
SSALATIONOM XQASSOSOOSOADISSH MVOAXIViIOETIISHWOTAISNIYNGYSI 144 OMASAUADINOSNMEID SAMITONDIVOIAM HWYAQ CALIDSYVOS T1S¥Dd0ATOODSHATOAS T
SSALATLOOAY  XAJASOSODHDADIONE MYIAXTYLIQHMISHWKOTATSHIYNGYS I3 ONALQVAMRIOVNMSIOl SAMITONDIVOHAM HIVAQ YALIDSYYOSTHISYOI0ATOODSHATONS T
$5A1AT1509Y  XQJASOSODUDXDTONE MWOAKTYIAIVYISNROTAISNIYNIESILId ODYALQVAMROSNMSIO SAMATSNDAVOdAN HIVAQ VALIDSYYDSTIISUSI0ATOO0SEATOAY B
S5ALATLODDY  AGIASOSODNOIDTONG MYOASWYIAEVAISNWOTATENTUNGISILI DIALUAMNIOVNMSID SAMITIONOIYOUAN HIVAQ VILADSYVOSTH1530J0ATIONSIATOAT T
SSAIATIODDOY MQ.MNmUmOGMU.mUAUvmm_ MYORIWNVIAAVI TSHNOTATSMMVNIYS I 1L.3Y DMALQYAMIMOSNMSIOl SAMATOYNDIVOIAM HIVAQ VALIDSYVISTIISEDADATDDDSTATOAD T
SSALAT1I00d  AGAXSOSODUOXDTONE| JVOAATVIAZVATISNWOTATSNIVNIGSILIY DMASOYAGRMDSNMSID SAMATDYDIYOUAM HWVAG C4LIDSVY0STIISIDd0ATo0058ATO T 1
SSALATLO0DY  AQIASOSODEDIDTONE MYDAXWYLIAFVISNROTATISMYNAGS I LA DYASAVAQWMOSNMSTO, SAMATONOYO4AN HWYAG CALIDSYYOS TIISUDd0ATIODOSHATOND 1
7L £300) K 23a0 744 uao 94 eudi

| 8Inbi4

SUBSTITUTE SHEET (RULE 26)



PCT/GB2016/050067

WO 2016/113555

2127

S5ALADLO0DY  AQAXSOSDOSIADISSE MYIIATVILAAJATSNWOTATSSHYNMESTLAY OMASOVAGIUDSNMSID SAMITONOALOUMAM HWYAQ VALADSYYISTIISUIIOATOUOSHNTOAT 2671
SSALADIDODY  AGIXSOSOHOSIADTSSA MYDIATVIAAIATISHNWOIATSSHYNAYSILAY OMASAVXQIUOSNMSIO SAMATONODAVDY HRYAQ YALIADSYVOSTATISNDIOATIODSHATOAMY 16" 1T
SSALADLOOOY  XCQIXSOSDOSOXDISSA MVIIXTVLAAJHISNWOTATSSHYNCESIIIY OMASAVAAINOSNMSIO SAMITONOIYOUAM HWYAQ YVALADSYYISTIISNDADATOONSHATOAY 06° 1
SSALADIODOY  XAJXSDSDOSOXDISSA MVOAXTYLAIAYTISNWKOTATSNAVNAYSIINY HIASAVAAINDSNNSID SAMIIDIDJIATEAN HWYAQ YalIDSVYOSTIISUDADATOONSHATOAD 68" T
SSALATIOCHM  XAANSOSODSOADTISSA PV OALATLAIVISNAOTA TSNAVNIES L DMASAYAQEIDONMSID 5 TOMDdYONAN HRYAQ (3L3DSYYISNRAITSODINATODDSHEATOAM 2871
SSALATIOUOHM  XAANSISODSOXDTISSA YYOAIAYLAZVYISNADTZTISNYYNTASILAY OYASAUAGHENONMSID SAMATONDADOYAM HWYAQ (JLIDSTYDSTUTISODANATOOOSHEATOAR L8 T
SSALATIONDM  XAQANSOS9DSOZXDTSSA MVOAIAYIATVHTISNWOTATSNAVNGASIIN DYASAUAQIENONMSID SAMATONOADOYAM HRYAQG (4LIDSVYDISTAISOOMIATOOOSHATOAT 98" 1
SSALATIOOOM  AQANSOSHDSDADISSAl MVOXIAVIAIATTSNWOTATSNNUNGISILAY OMASUVAQHIOONMSION SAMATONOIVOYAM HWUYNG QJLIDSTYISTIISHDIOATOODSHATOAD 5871
SSAIATIONOM  AQANSOSIDSIADISSE MYOAAAVLAAAMTSHWOTATSNNYNANSTILAY] OMASAVAQUEDONMSIO SAMITONOAYOMAM, HWUNG dJIADSYVISTEISHII0OATOODOSIATOAD 73 1
SSAIATLDOOM  ACANSOSOOSDADISSA MYOAIAVLAHANTISHNWOTATSNNYNGUSTILAY] OVASCYAQUEDONMSIO SAMITIOMOIYONAM HWYNG QJIIDSYVOSTYISYDIOATOHODSHATOOT £€8°71
SSALATLOODM  XQAMSIOSDOSOXDTISSA MYIRAAVIGAATTSNWOTATSNIUNANSILAY, OMASQUAMYEOONMSIOl SAMITOMOIUOUAM HWUNG CAIIDSYVISTHISHDIOATDODSAATOAD 2871
SSALATLOCON XAAMSOSDOSOADTSSA MVOAAAVLAIAYISNWOTATSNIVNANSIIAY OMASAVAGRIDONMSIO| SAMITONOIYOUAM HWYNG J4L1IDSYVISTITISUDIDATOODSHATOAD 8" T
SSAIATIODONN  XAANSIOSODSOZOTSSE AVDOAAIAYLUIAYISNWOTATSNAYNIYSILAY OYASAVAQMIDONMSION SAMITONDAVOIAM HWUNG J3LJIDSTYYOSTATISUIdOATOODSIATOAT 08" T
SSALATIOCOM  XAANSDSODSOADISSA UVOAZAYIAIAYISNWOILISNAVNIENSIINY OMASAYAQUIDDNMSID SAMHIONDAVONAN HWENG (3139SVHYDSTHISNDIOATONOSIATOAM 6L T
SSALATIONDM  XAAMSOSHDSOADTISSA MYOAIAVIQIAYTISNWOTITSNAVNGYSILA ODMASAYAQMEDONMSID SAMITONDAVOYAM HWUNG G4LJDSVYDETMISUDIDATINDSHATOA BL'T
SSALATIONDM XASMSISHDSOADTISSA NVRXIAVIQIANTISNWOTATISNIVNGGSIL A OMASAVACUMOONMSID SAMITONDIVONAM HWYNG CILIDSVYDSTHISHDIBATONOSHATOAS LLT
SSALATIOOOM  AQANSISOHDSOADISSH AVOXAIAYIQIVISNIOTATSNYYNGYSILLYY OMASAQVAQEINONMSIOl SAMATONOIDOMAM HWYAQ QJLIDSVYDSTIISYIIOATOODSHATOAY] 9L T
S5ALAYLO0D AQANSOSOHOSOADTISSA MYDAAAVIATTITISNWOTATSNMNENQHUS T LY DNASAYAQIENONMS IO SAMTTONOIOOUAM HWYAQ CALJIDSYYOSTIISUOICATODDSHATOAT SL°T
SSALATIOOOM XGQANSOSD9SOADTISS MVIIAAVILATTATSNWOTATSNNYNANS T LAY OMASAYAQIIDONMSIOl SAMIATOMOIYONMAM HWYAQ CALADSYYISTITISMIIOATODOSHATOAT 7L
SSALATLOODM  XQANSISDOSOADTSSA MUOXAAVIGAVATSNWOTATSNNUNMNSILIY OMASAVAQIMDONMS IO SAMITOMOIYOMAM HWYAQ CGATTOSYVISTHTISUDIOATODDSINTOAD €L T
SSAIATIO0ON XAINSDSDOSOXDISSA MVIAXAVLAAVITISNWKOTATSNAVNOYSIINY HIASAVACRANONNSID SAMITONDJIOCEAN HWYAQ (J413DSVYISTHISUDAOATOONSHATOAY LT
SSAIATIODOM XAANSDOSDOSOADISSA MVOAXAVLAIVITISNAOTAISNAVNAYSILAY DYASAVACYENONNSID, SAMITONDADOUAM HWWAQ d414DEVYDSTHISUDIDATOODSHEATOAH LT
SSAIATIOTCOM XAJANSOS9DSOXDTISSA MYOAXAVIAIVITISNWOTLATISNUVNOYSILA OYASAYAMPINONMSID| SAMITOMDADUHAM HWYACG (4LIDSYEDISTHISHDADATOODSHATOAH 0L 1
SSALATIONDY  XAQANSOS9HDSOXDTSSA MVOAIAYIATVHTISNWOTATSNAVNGASIIN DYAJAUAQUENONMSID SAMATONOADOYNAM HRYAQG (4LIDSVYDSTAISHDIOATOOOSHATOAD 69T
SSAIATIONON ACANSISOOSOADTISSA AV2AIAVIAIVATSNWOTATISNMYNGESILAY OMASQUAMMOONMSID SAMATONOAVOHA HWYAQ (3LIDSVYYOSTYISUDIOATONDSEATOAD 89°1
SSALATLODOM ACANSOSOOSOADTISSA MVIAIAVIAZVATISNWOTATSNMYNGESILAY OYASAYACIENONMSIDN SAMITONDIDDUAM HWYAQ dAlASSYVOSTEISUOIOATIOOSIATOAD L9 1
SSAIATIOOOM ACANSISOOSIADISSA MYIRAAVLAHTITSNWOTATSNNYNGUSILAY] OMASAUYAMMENONMSIS SAMITIONOJISOHMAM HWYXQ JJdIIDSYYISTIISHDHIOATOODSHATOAD 938" 1T
SSALATLDOOM ACANSOSDOSDADISSA MYIAAAVLAHVITSNWOTATSNIYNAYSILAY] OMASQUAMIENONMSIOl SAMIATONDIODN HRYAQ JJ4LIDSYVOSTIISNIAVATOONSHATOAD G891
SSALATIOOON XQTISSOSDOSOXDIOYH MVIAXTVLAAVHISNWOTATSNIVNGESIIIY OMASAVAAINOSNMSIO SAMITONOIVYOUAM HWYAQ JAL14DSYVYISTIISODA0ATOONSHATOAD 79°1
SSAIATIOOON XQIASIOSDOSORDTOEG AVOAATYLAIVWISNWADTATSNAYNIESILAY OMASAUAGINOSNMSION SAMITONOAVOEAM HWVAQ JIIIDSTYOSTATISUDIADATOOOSIATOAT £9°1
SSAIATIH0OHN  XAIASISODSOXOTONG YVIAXTVLAIVIISNADTITSNYYNMTISTLD OMASAYAAIMOSNMSIOl SAMTTONDAVOIAM HWYAQ (31JDSTVISTHISUIAOATOHOOSTATOAD =
SSALATIOUDN  KAIHSOSODSOXDTSAM] MVOAZTVIATVNTISNWOTATSNMYNGAS TN OMASAVAGIMOSNMSID SAMATONDAVONAM HRYAG (4LIDSTEDSTMISMDIOATDODSHATOAH 19" 1
SSALATIONDY  XAQJIHSOSHDSOXDTIVAG FVOAXTUYIATVITISNWOTATSNAVNGASIIN DYASAUAGIMOSNMSID SAMATONOAVONAM HRYAQG (4LIDSVYDSTAISHDADATOOOSHATIAD 09'1
SSALATIONOM  AQARSISOHDSOADTIOEM MVOAATYIQIANISNWOTATSNYYNGISILDY OMASUVAMIEOSNMSID SAMIAIONODAVOHAN HWYAQ J4LIDSVYDSTIISYIJI0OATOODSHATOAY] 64T
SSALATLIOUOM  XQAFSISODSOADTIOIM MYIXATYIAHANTSNWOTATSNNENAESIL DY DMASAUADMIDOSNMSID SAMAIONOIVOMAM HRYAQ CAlADSYYISTHISHIIOATOODSHATOAY] 8¢ 1T
SSALATIDOOM AQASSOSIDSOADTOYM MYOLIWNVIQHAMTSNWOTATSNNYNAESILDY OMASAYXDINOSNMSIO SAMITOMOIVOUMAM HRYAQ QAIIDSYYISTITISMDIOATOOOSHIATOAD L5871
SSALATLOODY]  XQALSOSDOSOADTOEH MVOIATVIAAVMISNWOTATSNNUNINSILIY OSMASAVADISOSNMSIO SAMITOMOIYOMAM HWWAQ CALADSYVISTATISHDADATODDSHATOAT 9571
SSALATLOUOM AQASSOSDOSIADISSH MYIAATVIAAJITISNWOTATSNAYNMESIIAY OMASAVAGINDONMSIO SAMITONOIYCIAM HWYAE JJAIIDSYVISTEISYDIOATOODSANTOAD, G5°1
SSAIATIONOM AQISSISHOSIRDTSSU MVIXATYIAIITTISNHOTATSNIVNAISTIING OYASAVAQINOONMSIOl SAMTIONOIVOUAM HWYAT JJIIDSYYOSTITSHOIDATOOOSHTATOAT 75T
SSAIATIOTDY  XAJASSOIHDSOXDTISSH NYOAXTVIAIVITISNWOTLAISNUVNOYSILA OYASAYADIMOONMSID SAMITOMDAVOHAM HWYAQ (4LIDSYEDISTHISODADATOODSHATOAH [
SSALADIOUDY]  XAJRSOSHDSOADTISSA MVOAXTYIAIVITSNWOTATSNAVNGYSILAY DMASAYADISOSNMSID SAMITONDAVOYAM HWYAQ C4LJDSVYDETMISHDIDATINDSHATOAD 251
SSALADLDTOY  XQARSISOHDSOADTISST AVDAAIYLIUYVYISNWO IA ISNYYNGES Lidd] OMASQUAQINODONMSID, SAMAIDYDAYOYAM HWWAQ YaL4ADSYW¥RS IMISHIdOAID0D8MAI0A I
SSALADIODDE XQAARSOSOOEDADTISSA MNYDIAXTVIAIVITSNWOTATSNNYNIISILIY OSOVASAUAIUEOSNMSID, SAMITONODIVONAM HWYAQ YALIDSYYOSTIISHIDIDATODDSHEATOAT 06T
SSALAOLOOOM  AQAXRSOSOOSOADTISSA MYOALTYIAIVITSNWOTATSNIYNCESILAY OMASQYAMIMOSNMSID SAMITONDIVOUAM HWYAQ CAlADSYYOSTHISDIJOATOODSHEATOAH] 67T
SSALADIDOOY  XQAXSOSHOSOADTISS MVIIATVIATTATSNWOTATSNNYNANSTLIY OMASAYAMIMIOSNMSIOl SAMITOMOIYONMAM HWYAQ VALADSYYISTITISUIIOATODOSHATOAT 8V 1T
SSALADLOODY  XAJASOSDOSOXYISSE MVOAATVLAAVITISNWOTATSNIYNCESILAY OMASAVAMNEIDSNMSIO SAMITNOIYOEAM HWYAQ Y4LJADSYYOSTIISHIdOATOOOSANTOAT L1
SSALADLOUOY  XAJASOSDOSOXDISSA MYIALTVLAAVITISNROTATSNIYNAUSILAY OMASAVAMMEDSNMSIO SAMITONOIVOUAM HWYXQ YJALJIDSYYDSTHISUYDADATDODSIATOAD 97" 1

Attt €400 £ [4:0ste) 2 qay Tdd] BsuoT]

(penunuod) | ainb14

SUBSTITUTE SHEET (RULE 26)



PCT/GB2016/050067

WO 2016/113555

3/27

SSALATIOODY Hﬂhmmowwwmo.ﬂwﬂmwﬂ MYDEIAYLOATLTINNO THTSMIUNAYSILAY] OMASAQUAOTIOSNMSIO SAMITONSIYOIAM HWVAE TALIDSYVISTATSYOIOATOODSEATOAT 6617
SSAIATIONOY  AQAHSISDSSOADISSH AVOIAWYIATVITCNWOTHTICIVNANSIIN OMASAVADTIOSNMSIO SAMTIONSIVOUAM HWYAH JIJIDSYVOSTITSNOIOATODD5EATOAT] B8¢I'T
SSALATIO0DY  XRAJAHSOSDOSIXDISSH MVOAIWYIGAVYISNWOTHISMAVNOMSILIN OMASAYADTHISNMSID SAMITIONOAYOIAM HWEAE CAJADSVYOSTIISUDACATOOOSEAT0AR  LET1°T
SSALATIOODY XAJHSDISOHOSIADISSH MVOAIWNYICIVHTISNWOTHISMYYNIISILIY DUASAUADTEOSNMSID SAMITIONDAYOYAN HWAE d4dIDSUVOSTYISUDAOATDODSEIATOAY  9CT T
SSALATIOUDY  ZGAHSOSODSIATISSHE MVIOAMNVIAIVITSNWOTHISHNUNGUSILANY OMASAYADTIOSNMSIO SAMITONOAVOUAM HWYAE JAdIOSUYOSTITISYOIOATOODSIATOAT  GET°T
SSALATIOOON  XQAHSISOOSOADTISSH NYLIIWVIATVATSNWOTHISHMUNGISILAY, OMASOUADTIOSNMSID SAMITOMOHIVOUAM HWNAE (1IdI9SVYISTHTSHOI0ATIONSHATOAN ¥vET'T
SSALATID0Y]  AQAHSOSHOSDADTISSH MVOAAWVICHVITENNOTHISMMYNAYSILAY OMASQVADTMOSNMSIOl SAMIEIONOIYOYAM HWVAE (I4IDSVVOSTITSYDA0ATODDSHATOAH <1 T
SSALATIO0DY XAJHSOSDOSIORDISSH MVDAIWVIAAVHISNWOTHISMVNAISILAY OYASAVADTHOSNMSID SAMITONDAVOYAM HWYAE J4dIDSVVOSTHISHDIDATDODSEAT0AT ZET1'1
SSALATTID0DY  KGIAHSOSDHISIADISSH AVDAAWYLUAAVHISNWOTHISMAVNOMS L L4y DMASAYADTEOSNMSID SAMAIOMDAROMAN, HWEAE (4d4DSTVOsTHISHDICATONDTdATOAN LT
SSAIATIOODY  XAJHSOSODSOADTISSH MVOAIWVIAIVITSNWOTHISHAUNGESIL A ODMASAUADTIOSNMSID SAMITIONOAVOIANM HWYAH JIdIDSUVOSTIISUDADATOODSEATOAT 0€1° 1T
SSALATIOUDY  ZGAHSOSOHDSIATISSHE MVOAMIVIAIVITSNWOTHISHNUNGUSILNY OMASAYADTIOSNMSIO SAMITONOAVOUAM HWYAE JAdIDSVYOSTITISYOIOATOODSHEATOAT 671°1
SSALATIONOY XQAHSISOOSOADTISSH WYLIIWVIATTATSNWOTHICHMENGISILAY OMASOUADTIOSNMSID SAMITONMOIVOLAM HWWAHE (1IJIDSVYISTATSNOIDATOOOSHATOAT 871°1
SSALADIO0OY  AQAHSISHOSOIDTSVA MYOAATYLOHIMISNNOTATCNNYNAYSILIAY OMASAVADIMDSNMSID SAMATONOIYOUAM HWVAQ CIALIDSYYOSTHTISODJDATOODSHATOAN LZT°T
SSALATIOOON RUISSOLOS™ORDTIOVG AVIAZTVICAVITSNWOTATSMIVNCISILIAY OMASAVAAWNSOONMSIOl SAMIATOMDIVCIAM HWVYAQ J41JDSVVOSTAISO9I0ATIO9SEATOAD] 9711
SSALATIDUOM XAISSOSOHDEIXDIOEG MVOAIAYVICEAVHISNWOTXTSNAVNOMSILIDY DMASAYAAWSIONMSID SAMITIOMOAYOMAM HWEAQ JALADSVVOSTHISUDICATOODSHATOAD GZI'T
SSAIATIOOOM HAJHSOSODSOADTIOWG MVOAXTYIAIVITSNWOTITSHNAUNGESILAY OMASAYAAINOSNMSID SAMITIOMOAVOYIAM HWYAQ didIDSUVOSTIISUDADATOODSEATOAR FZI'T
SSALATIONOM XAANSDOSODSIADISSH MVOXATVIQIIATSNWOTATSNYYNAISILIAY DOMASAYAGWNOSNMSID SAMITONSJLIOEAM HWYAQ JJAILIDSYYOSTMISHDJOATOODSHATOAH £271°71
SSALATIOUOM  ZQANSOSOOSOADISSH NYIIXTVIATILTSNWOTATSNNUNGISILAY OMASOUAGAEOSNMSID SAMITOMOJLOYAM HWWAQ (ILIDSVYOSTHTSHODIDATODOSHATOAN 2211
SSALATID0D AQASSOSOHOEOADTISSH MVOHAAVLIAVATISNROTATS NMNNAISIIAY OMASAVAQILOSNMSID SAMATONOIVOEAM HWVAE (QALIDSYVOSTATSHDADATIODSANTOAR 171 1
SSALATID0OM  XGASSOSDOUIADISSH AVOHAAVLOAVHISNNOTATSNAVNUES LAY OMASAYADIIOSNMSIS SAMA'IONOAYOIAM HWVAQ d4ld0SweosidisundOainonsaaiDAl 021 L
SSAIATIDCON XAASSOSOOMOIXDTISSH MYOHAAWIAIVITSNWOTATSNAVNOUMSIINY ODMASAYAAMIOSNMSID SAMITOMOAVOUAM HWYAQ dAldDSYVOSTIATISHDICATOODSBATOAS 6111
SSAIATIOOONM XAASSOSODUDADTISSH MYOHIAVIAIVITSNWOTITSHNAUNGESILAY OMASOYAMHIOSNMSID SAMITIOMOAVOYAM HWYAQ JALIADSYVOSTIISUDADATOODSEATOAD] 8I1° 1T
SSAIATIONDD XQASSOSODUDADISSH IVOTIAVIQIINTISNWOTATSNYYNIYSICAY] DMASOYAMMLOSNMSID SAMITONOIVOWAM HWYAQ JALIDSVYISTYISHDIOATOOOSHATIOAY LIT° T
SSALATIONDD  AQASSOSOOWDADTISSH NYOTAAVIAAINTISNWOTATENYNGISICAY OMASOVAGNIOSNMSID SAMITONOIYOMAM HWWAQ (LILIDSVYYOSTHTONDJDATODOSHATOAH 91T T
SSALATIO0NOY  AEASSISOOMIADTISSH MV TAAVICALYISNNOTATSNANNAYSISAY O9MASQVAGATOSNMSIO SaAMATOMOILOMAM HWYAQ JALIDSVYDSTATSEDAOATOODSAATOAH ST1T T
SSALATIO0DD  AGASSISOOUOIAYISSH MVOTAAVIQAIYTSNWOTATSNAVNIISISAY 9MASAVAMIZOSNMSIS SAMATOMOAVOUAM HWVAQ CJ4lJADSVYOSTATSNOAOATOOOSHATOAY FIT T
SSALATIDCOY  XAASSOSOOMOIXDTISSH MYOTAANIAALITSNWOTITSNAVNOUSIS T DMASAYAAMIOSNMSID SAMITOMOAVOUAM HWYAQ JALdDSYVOSTATISHDACATOODSBATOAS £€I1°1
SSALATIONDD, XAJASSOSODYIZXDTISSH MYDTAIAVIQEINTSNWOIXTSHNMVYNAYSIGSIY] OYASAYAMILOSNMSID SAMATONOAYOYAM HWIAQ JALIDSYYOSTIISUDIOATDODSHEATOAD ZIiT1'T
SSALATIONDY XQAHSOSODHDADISDHE MVOXLTVIQIVATSNWOIATSNYASOUSILAY DMASOYAMMNOSNMSID SAMITONOIVOYAM HWYAQ JALIDSAYISTVISODIOATOODSHATOAY TIiT 1
SSALATIONOY AGQARSISOHOSOADISSH NVIZATVIAAALTSNWOTATSNAUNGISILAY DMASCARMTEDSNMSID SAMAAOMOJADIAM HIWWAQG (LALIDSVVOSTHTEEDI0ATIDDSHAATOAH T
S5ALALID0DM  AQIAXSISDOSIADTOWH MYOAATYLOARMISNNO TATSNAYNUES LAY OMASQYAMPDSNMSIO SaMAlONOavOMAM HWWAQ (4LADSvYls1d1580d0a 10005 an10Al 501" 1
SSALATIO0ON  XGQIASISDOSOXDTOWH MVOIATVICAVITSNWOTATSMAUNGYSIIN 9MASAYAMDIOSNMSIOl SAMIOOMOIVOUAM HWVAQ dAlIDSVVDSTITSNOA0ATODDSHATOAD 80T 1T
SSALATID0ON XAIASOSOISOXYTOWH NVOAZTUYLJAVITISNWOTATSNMUNTISILITY 9MASAYACRIOSNMSID SAMIOONDAVOUAM HWYAQ JAldDSVYOSTITSMSACATODDSEATOAT LO0T'T
SSAIATIONOM XAJXSOSODSIADTIONE YUDAXLTYIQEVHTISNWOIXTSNYYNOISILIY ODMASOUAMMOSNMSID SAMIDONOAROYAM HWEAQ JALIDSTYISTIISHDICATDODSEATOAE 90T T
SSALATIONDM XQARSOSODSOADTONT MVOXAATVIQIVNISNWOTATSMMYNOYSILIY DMASOYAMMOSNMSID SAMI0LoNedvlyal HWYAQ JJALIDSYYISTNISYDIOATOODSHEATIOAY  S0T° T
SSAIATIONOM AUGAKSOSODSIADTOWE MYOAATVIAETIISHWOTATSHMUNGISILAY DMASAVAMMOSNMSID] SAMEDOMSAVOMAM HWYAG JALIDSVYOSTHISHOADATODOSHATOAH #0711
SSALATID0OM AQAXSIOSDOSIZOTOWH MVOIXNTYLOAVMISNWNOTATSNAUNMISIIAY OMASQYAMRPDSNMSIO SAMADOMOIVOMAM HWWAQ JALIDSVYDSTATSEDIOATOODSHATOAY  €0T° T
SSALATIOUDM  XGASSISDOSIXOTONG MVOAATYVICIAMTSNWOTATSMAVNIESIIN OMASAQVAGINOSNMSIO SAMITOMDAYOUAM HWVAQ d4lIDSYYDSTIISO94d0ATODOSHATOAD T
SSAIATIOUOM XAJISSOSOISOXOTONG MVDIAXTYLAIAWISNWOTATSNAYNIISI LN SMASAYAGRIOSNMSTS SAMIATONDAVOUAM HWEAE JJILIDSYYISTIISHOACATONDSEATOAD T
SSAIATIONDY XGAJXSDOSODSIADISSH IUOAZTYIQIVHTISNWOIXTSHMYYNGYSILIY DMASCAXMMNOSNMSID SADIIDNOIAGHANM HWYAQ J4LIDSTYOISTIISUDICATDODTIATIAD ‘T
SSALATIONDN NQhAmUmUUﬁUNw_Hwwa MVOAATVIQIVATONWOTATSNYVNAYS I 14 DMASAYAQISOSNMSID SAMITONSAVOEAM HWYAQ JJALIDSVVISIXISUDA0ATOODSHATIOAY 1
S5ALATIO09M  AQIISOSDOUDADTONE AvDAATVLOHDMISHWO IATSNMENGAS T L4y ONASAVAGINDSNMSIOl SAMHIOMOAYOMAM HWYAG UALADSVYOS TA1SHDaADATDO05HA TOAH 26 1
SSALATIO0DY AQAXSIOSDOMIAOTONG MUOIASYIQHVMISNHNOTHTSNMYNMYSIIAY OMASQYAMMIOSNMSIO SAMATONSIVONAM HWWAQ CALIDSVVOSTATSHDIOATDODSIATIAD L6 T
SSALATIO0DY  XGALSISDOSIXHTOIE MVOAATYVICAIWISNWOTATSMAVNMESIIN OMASAQYAGRMIOSNMSIO SAMITOMNDAYOUAM HWVAQ d4lIDSVYDSTIISHDI0ATOOOSHATOAD 961
SSAIATIDON  XGIRSOSOISOXDTIORAA MVOXITUILAFTLATSNWOTITSNAVNRIST I OMASAVAQIMOSNMSTY  SAMATIOMDAVOUAM HWYAQ JdJALADSVYOSTITSUDAOATOODSTIATOAD G6°T
SSAIATIONOM XQAHSOSODUDIADISIQ IVOAZTYIAIVNISNWOTATSNAYNGISILIY DMASAYAQWNOSNMSID SAMITIONOIROYAM HWYAQ JALIISYYISTYISODIOATDODTIATIAD 76T
SSAIATIOUONM AQAHSISODUIADISAQ MVOAATVIAIVIISNWOTATSNNUNGISILIY OMASOVAGWEOSNMSID SAMITONSIVOIAN HWVAQ JALITSTYISTAISOOA0ATIOOSEANTIOAD €6 T

K £3a9J .l 2¥ad, 4K qad, T4  |U0TT))

(penunuod) | ainb14

SUBSTITUTE SHEET (RULE 26)



PCT/GB2016/050067

WO 2016/113555

4/27

SSAIATIOODN AGQIHSISDHOIDIDTOOQ] UVIALTVLAZDITSNWOTATSNAYNMIST LAY OMASAYAMILIONMSID, SAMADDNODIVOUAS Swﬂ GALADSTVOSTITSHDAONTODOSHATOAD, 981" 1
SSALATIOODN AQIHSOSDOWOIDTOOM MVORATVIAIJYISNWOTATSNAVNAESIIAd DYASAVAGHIOONMSID SAMEDOMOIVOUAM HWWAE d414DSVVOSIWISHDJ0ATOODSIATOAD S81° 1
SSALATIONON XAJHSOSOHOUDIDTIONA MYIXATYIAUINTISNWOTITSNYYNANSIIN OMASAYAMILOONMSIS SAMEADONODIYOEAM, HWYAQ J3139S¥YISTHISHOIOATODNDSHATOAD 7811
SSALATIOODM XAJAHSOSOOMIADTIO0A MTIAATVIAHIMTISNWOTATSNAVNANSILANY OYASAYAGHALOONMSIO SAMIDOMOIVOUAM, XWWAQ JdLIDSVYYISTITISHDIOATOOOSHATOAD €81° 7
SSALATIDD ZAINSOSODSIADTIONG MUDAATVIAUTITSNWOTATSNAVNGIS T1.08 DUASAOVAGRNDSNMSION SAMITOMOIVORAM, HWLAG (41J0SVVISTATSUDIOASDADSIATOAT Z81°1
SSALATLIOYOM AQASSOSODUDADTISSH MYOHAAVLOAJHTSNWOTATSNAVNGASILILY DIASAUAGMIOSNMSIO| SAMITOMOAVOYAM HWYAQ (JILIDSWVISTHISHOI0ATODOSHATOAD I81°1
SSALATLIODEDM NQ&mmOmUUMUNUﬂmmN_ AYOHAAVIQHIITSNROTATSNAYNGES LI OYASAYAGAIOSNMSIOl SAMITOUDJIVOYAM HWYAQ (J1JDSVYDSTITSUDI0ATOOOSIATOAT 087" 1
SSALATLHODM Nﬂhwmomwwﬁohwﬂwmﬂ AYOHAAYIAIANTISNRKOTATSNMENAESILIAY] OMASOQUAMIIOSNMSID, SAMHISVSJIONIM HWYAQ JJALlIDSYVOSTMISEDICATOOOSEATOAHY 64171
SSALATLOOON NthmUmwOMth.Hmmm_ AYOHAAYIAINTISNKOTATSNIUNQYS IL3Y DMASAVA@ILISNMSID SAMETONSJLIONIM HWYXQ JIIIDSVYOSTITSUYDIOATONDSHATOAH QLT T
SSALATIODDN NthwaUOMU.mOﬂmmm_ MYDHAIAVIQIAYTISNROTATSNAVNGQESILY] DMASAVAMILOSNMSIOl SAMITOMOJIONIM HWYXQ J4IJ49SVYISTNISUSICATONDSEATOAY LLT' T
SSALATLIO0DY OQthUwUUmUNUQUMH MEORANYLAHTA TSNAD TATONADNAY S Ll ONASAVI@MIIDSNMSID SAMATIONDAADEAM, HWYAQ Q4l498Vel8 180030 000saA10Ad 9Ll L
STALATIOON] @Qhﬁmomwwmuwwﬂwmﬂ MEIAIAVLAATRITSNWOTATSNUONMS T OMASAVAMIYOSNMSTD  SAMETONDAADEAM HWVYAQ YJILIDSYYISTMTISYOIOATOOOTHATOAT SLTT T
SSALATIONDM NthmUmwmewUA.UMn& MYOAATVLAGIATSNNOTA TS NAVNGMS TLDYM DYASAUADMNDSNMS T SAMITONOAYONAM HWSAQ (J1J9SVYEBISTHISYDIOATODDEEATOAT HLI T
SSALATIOOTY NQ&BMUWOQ&UNUQOWE AYDAXTVLATVI TS NIO TA TS NIYNGES HHmm NIASAYASLSISNMSID SAMTTONDAVOEAM HWYAQ VILJIDSVYISTUISUDAOATOODSHATOAD] €L1°71
SSALATIOODY OQthUmwwaMwﬂwmm_ AYDAXTYLAARIISNROTAISNYYNGIS 11 DMASAVADIYDSNMSID! SAMITONSIVOEAM HWYAQ JIIIDSVVOSTIISODMNATOODSEATOAY ZLT1° 1
SSALATIODD S MQ&BMUWGUMUMOQOHH_ VOARTYIAASTISNROTATSNIYNAISILIAY OMASAUADMEOSNMSID] YAMTTIONSAVOEAM HRYAQ JALADSYYISTHISOOACATIODSHATOAY TLT ™%
SSALATLHODY NQNEmUmGOmUWU.HmmH_ AYOARWE LTV ISNHNOTHISUIYNAYS TN DMASAUAQTEOONMSID, SAMHIONSIVONAM HWYAQ JJIIDSYVOSTMISHDICATOODSEATOAD 04T %
SSALATLOODY NQhﬂwUHGGZONO.HmmH_ AVOAIWYIATUS TSNWOTHISHIUNMIS 1LY OMASAYADTHOSNMSID, SANITONDAVONAM HWYAE JAJI9SVVOSTIISUOIOATOODSEATOAD 69171
SSALALLDDOY Nﬂ.mmemGmeNw.Hmmm_ MYORZWYLAIINTSNROTHISMAYNAIS I OMASAVADTEISNMSID SAMITONDAVOUAM HWVAE J4d49SVVOSTHTISHDACATODDSEATOAD 89T T
SS5ALAIID0OOY NQ.HEwaUUmUNU.Hmmﬂ MYDRANYLATINTSNROTHISMAYNGUS IIAY] OMASAVADTIDSNMSID m\rzm,umuvmmu&«mmugﬁs EEMN_ Q4dAD8YYISTITSHDIOATODDEEATOAD] 4L9T 1
SSALAIIONDY Nﬂmmmomuwwohwﬂmmﬁ MYDEARVLAEINTSNWOTHISMH VNGNS T1.0 OMASAVADTEDSNMS IO  SAMITONOITORAN mzﬁwm_ GAFIDSYEISTITISEDIOATIONSHEATOAD, 981" ¢
SSALATIDODY Nﬂhmmomwwwuwwqmmﬂ_ AYILIIAVIQEINTISNWOTHISMYVNGISIT.0Y DYASAVAOTIDSNMSID  SAMITIONDIVOEYY mg.ﬂm_ GIdIDSYYOSTITISEDFOATODDSHATOAD,  GoT1 1
SSALATIO0Y NﬂhmmUmOwaNU_ﬂmmﬂ MYOEIAVIAEINTSNHOTHISMIUNGIS I L0 O9MASAYADTIOSNMS IO  SANTTIONOAVOEYM EZQMM_ q4JIDSVYISTHTISUDIOATOODSHATOAD] 9171
SS8ALATLO0DY NQhﬂmUmUUmUNGAmmﬂ AVDAXWYLAEIATSNIOTHISMAUNGIS T LAY DYASAQUADTIOSNMSIOl SAMITONOIVOUTM gwﬂ J4dIDSVYISTITSUDA0ATODDSHATOAD €971
SSAIATLO0DY Nﬁhmmvwwwmowwﬂmmm_ NYOARWELAZAY TSNNOTHISMIUNAIS TLIY] OMASAYADTHOSNMSID, SAMIATONSIVON/, HWYAE (AdADSYADSTITSUDACATIOODSAATOND, 291" 1
SSAIATLODDY NQ&EwUmUUMONU.HmmH_ AVOALWYIATAS TSNROTHISUNYNMIS T OMASAQYADTEISNMSTD SAMATONOIVOUAL HWYAR JAdI9SVADSTITSEDAOATOODSRATOAD 191" 71
SSAIATIOOON MQhﬂwaQOMUNOAWWH_ MYDXIWNYLAAATTSNNO THTIEMIVNGIS I 1Y) OMASAYADTIOSNME TS, SAM SMAL&L&C)N?S HWYXR JIJIDSYADSTNISEDIDATODNDSEIATOAD 091" %
SSALATIONNY NQ.mmmUmwmeNm.Hmwm_ MYIXARYIAIAYTSNKOTHISMAVNQISIIN OYASAVADTIOSNMSION SAMITOMOIVOEAM HWHAHN J4d495VAISTHISHSIOATOOOSEATOAD, 661 1
SSALATIO0DY Nﬂ.mmwomwmumowwqmwﬂ MEDIXARVLAIINTSNWOTHISMHVNOESILNY OMASAYADTIOSNMSIO SAMITIOMOIVOUAN gﬂﬂ AIdADSYYISTITISHDIDATOODSHATOAE  8GT° 1
SSALATIOODYT NahmmUmwme.ﬂwﬂmmﬂ MO EAAVLAAINTSNWOTHTIS MAVNGAS TI.0Y] DOMASAYADTHDSNMS IO,  SAMITOMOIVORAM EENNH G3dIDSVVISTITSEDIOATODDSEATOAE LT T
SSALATIODDY NQEEMUMUUMUNGAWME AVOLIAVIQAIATSNROTHISHAVNGIS I OYASAYADITIOSNMSIO  SAMITOADIVOEAN gﬂﬂ A3IdIDSYVISTITISIDIOATODDSHATOAT 951" 1
SSALATIONDY NQEEmUmOGmUNGAWBﬂ AVDARAYIAAVATSNROTHISHYYNGEISIIAY] OYASAYAADHDSNMSISO SAMATONDIVOEAY gﬂﬂ AIJIDSVYIS THTISHDAOATOONSHATOAT G511
S8ALATIO0DY NQhﬂmUmUUmUNGAmmﬂ AVDARWEVAIVATSNIRO THISMAUNGIS T LAY DYASAQUATAOSNMSISO  SAMITONOIVOUAM gwﬂ J4dID5YYISTITSUDA0ATODDSHATOAD, 6T 1
SSALATLIOONY Nn.mmmomwwmo.ﬂwﬂmmm_ MYDALANYYAIVI TSNROTHISHAYNGIS 1198 DMASAVAQTEOSNMSID SAMTIONDAVOUAM HWYXE J434DSVVOSTYISUDIOATONDSAATOND] €61 1
SSALATIOOOY N.thwawOmUNOﬂmmm_ AYQAANYYAIITSNNOTHTIS IVNGYS I3y 9MASAYACTIEOSNMSID, SAMATONSIVONAM HWYXE JJ44J49SVYOSTIISHOAOATOOOSEATOAD 261 1
SSALATIDOON NQ.mmewUUmUNU.Hme_ MYDRANY LAV TSNWOTHISMIVNGUS IIAY] DYMASAUADTIDOSNMSID, SAMHATONSAVOUAM HWYAX d4J449S5VYOSTWISUDIOATODDEEATOAD 16T 1
SSALATIONOY NQhﬂwaUUmUNUAmmﬂ MYDRANYLAITITSNNOTHIS MAYNIUS I14Y] OMASAVATYOSNMS T SAMATONOIYOUAMN HWYAR d4d495VYYISTHISHDIOATONOSEATOAD 0811
SSALATIODDY NQthUmOUWUNUAmmﬂ YO EARYLAGATTSNNOTHISMAVNGMS TLIM OMASQUADTIOSNMS IOl  SAMEITONOITONAN EZANNH A3dIDSVVISTRITSYDIVATODOSTATOAT 6% 1
SSALATIDODY NahmmUmwme.ﬂwﬂmmﬂ MO LAV LAIAT TS NWO THISMAVNGMS T 1. DMASAQYADTHOSNMSIO  SAMITOMNOIIORAN EENNN_ AIdIDSVVISTITSEDI0ATODOSEATOAE 8V1' 1
SSALATLDODY] NﬂhmmUmUUwUMwﬂwmﬂ AYDAANG LU TS NRO TH IS A YNUES {14 DMASAYADTEDSNMSID] SAMH1OAAYOEAN EENH GAdADS YIS T IS HDA0ADDISHATOAD, Ly 1"t
SSALATIODD Y NﬂhmmUmGUMUHOﬂmmﬂ_ AYOLIWZLIAATITISNRO THISHIENAIS I LAY OMAJAVADTIUDSNMSID SAMITIONDIYOEAM) gﬁﬂ JAJADE YOS THTOIDADATOOD SHATOAD, 9FT T
SSAIATIONNY  AGIHSOSOOSOADTISSH HYOARWYIATRIISNWGIHISUNYNGESILAY OMASAVACTYOSNMSID, SAMTISNSAVOYAM] HWYXE C4dd9SVYOSTIISUOA0ATOONCIATOAR  G¥1 1
SSAIATLOODYG NQhﬂwaUGWONO.HmWH_ MYOLLNNY IATTS TSNHOTHTIS HIYNAIS T OMASAYAQTIOSNMSID, SAMITOYDIVOMAS ENH QAJADSVVOSTITSUDADATODDSHATOAH, vyl
SSALATIONOY Nﬂ.mmemGmeNw.Hmmm_ MYORIWYLAIRITSNROTHISMAYNANS I L OMASAVAQTIOSNMSID  SAMETONDIVOUAM m_ﬁwwﬂ Q44I9SYYOSTITSEDA0ATODDSHATOAS €V T 1
SSALATIONDY NQHEwaGOMUMU.HmmH_ MYIRINTIAITITSNROTHISHIYNOIS I 1A OMASAVATTIIOSNMS ID) m?EMdO&O&«mONN/S EEMN_ QIdIDSYIISTIISIDIONTODDSEATOAH ZP1 1
SSALATIONNY NﬂhmwOmwwmvwwﬂmmﬂ MYDLANVLAEVLTSNWOTHISMNYNGES I L0 OYASAYATTIOSNMSTD  SAMITONMOITOUAN m@&@.ﬂﬂ A3dIDSVYISTITICEDIOATODDSHATOAE TP 1
SSALATIDDDY] NahmmOmmeuwwqmmﬂ MYDSEIAVLAGVLTSNNOTHIS M UNGIS T14 OMASAVADTEOSNMS IO  SAMATONOIYONAM gwm_ QddIDSVEISTIISHDIOATOONSIATOAS  0F 1" T

K £9a0| T Z8a0) 744 wagy T4d  suciy)

(ponunuod) | aJnbi4

SUBSTITUTE SHEET (RULE 26)



PCT/GB2016/050067

WO 2016/113555

5/27

SSALATIDODD, mﬁﬂmmomwwmuwwﬂwﬂﬂﬂ MCOEIAAVLAATTTONROTATSNAYNGUS T LAY DMASAYOATIOSNMSTIS SAMITOMOIVOIANM HWYAQ JALIDSVADSTATSHDAOATIODSHADTIOND ¢€2° 1
SEAIANIDUDY, mQththwaHwﬂwﬂﬂ MYOAXTE LAV TENROTATSNNYNAYS I LA OMASAUAMMIOSNMS IS SAMITONOIADEAN HWYAQ JJ1IDSVYOSTIISOOIMATONDSEATONY €271
SEALANIDDDY mQththUwUHU.HUHH_ AYDIXTE LAV IS NNOTATS NYYNAYS T LAY OMASQUAMMOSNMSID SAMITIONDIADYAM HWYAQ JII4DSVYOSTAISOOIMATONDSIATOAT, 12" 1
SSAIAATDODM mn—.m.HmU.memOMO.HOHH AYDAXTYIAAVEISNROTATSNYYNAYS I L4Y] OMASAYXAMIEOSNMS IS SAMATOUDIADEAM HRYAQ JQAIIADSYVISTHISOOIAATOONDSBATOAD (L7 1
SSAIAATDODY] mQ.meU.mwmeNO.HOWH_ AVOALTYLAIVITSNROTATISIMYNIS I LAY OMASAVAMIMASNMSTY  SAMATONDAAOYAN HWVAQ TALIDSYVOSTIISHIAOATODDSEATOAM 6727 7]
SSAIAATIDDDY mQhaUhUUmUNU.HUNH_ AVOILTYIAIVITONHOTATSIIYNAECIIAY] OMASAVAMINOSNMSTD SAMITONDIAOYAM HWVAG (Q41IDSYVOSTYHISUDI0ATODOSIATOAN  8TZ° T
SSAIAAIDUDY mQ.mbU.m.UUmUMw.HUNm_ MYOAATYIATDITONROTA IS NMYNAYS IIAY] OMASAVAMMEOSNMS I SAMITONOIAOYAN HWVAQ d4LIDSYVISTHISHDdOATOODSIATOAN LT
SSALAAIDHTOHY mQ.mBmU.mUQMUNU.HGHH_ MYOAATY LA TONKO TN TSN YNANS I LAY DYASAUAMMNIDSNMSTY  SAMITIONOIADIAM HWEAQ JALADSVYOSTIISHOAOATOODSHATOAT 92271
SSALAATDDDY] mQthOhOwOUNU.HUHH AYDAXATYLATNATSNWOTA TS NYUNGIS T LY DYASAVAMPOSNMS IS  SAMITOMOIADAM HWYAQ JALADSVYOSTHISUDIDATODDSHATON 5¢2°1
SSALAATIDDDY mQthUhUEOUMUHUHﬂ MVDIATYLAERUISNNOTA IS NNYNGUS I LAY DUASAYAQMEDSNMSID SAMITONOIADUANM HWYAQ JLLIDSVVOSTAISUDIOATODOSAATOAD $IC T
SSALAAIDDDY mﬁhﬁmvhwwmuwwqwmﬂ AYDIXTY LAV TS NNOTA IS NMYNGES I LAY DYASAYAMDIOSNMSTS SAGITOUDIADY HWYAQ CJLADSYYOSTATISEOIDATODOSHAATIOAD] £22° 1
SSAIANIDODY mQthUh@OmUMwAUHH MYDIRATELAEVATSNINOTATSNMYNCES I LAY ONASAYAMNIOSNMSTIS SAMITONDAADEA HAYAQ CJILIDSYYISTIATSHDIOATODDSEATOAD, 22771
SSAIANTO0DY mQththmeMO.HOHH_ NYDARTYLATYITSNWOTATSNYYNCN S T ONASQYAMMOSNMSIS SAMTTIOUDIADYAM HWYAG dALIDSTVISTHISUDIONTOROSEATOAD 1Tz 7
SSALAAIDON mQthUhUOmOMO.HONm_ HYOAATYIAIVATISNROTATSNIVNCES I LAY, OMASAVAMIMMOSNMS IS SAMHIONDIADIANM HWVAQ J31IDSYVOSTAISUOIDATOODSEATOAD] 0721
SSAIAAIDTDY mQthUhmOmUNOﬂme_ HYQAATYIAITIISNNO TA TS NIYNCYS I 10 OMASAYAMMOSNMSID SAMITONDIACIAM HWYAQ (114D5YVISTMISNDA0ATOO9SIATOAD 61271
SSALNTIODDN NthwameUNG.HEMH_ MYDXATYLIAEME IS WA TATSIMYNAYS I 1A, OYASAYAQISOONMSID SAMATONOIYOYAM HWYAQ J1SI9SYYOSTIISUDIOATOODSENTIOAT] QT2 T
SSAIATIOCON NQ&BmUMUQ&UNUAGHﬂ MYDXATY LA ISNWO TN TS NMYNAS I 2] DYASAYAAANGONMSIS, SAMAOOMOIDDEAM HWYXQ CANADSYYISTHISEOAEATOONSHATOAD, L1271
SSALATIDOOY NQthUWUGMUMGHUWE ACIAATVLAAVATONWOTATSNMYNGUS T L4 OMASAYAGANGONMSIS SaM30OMOID0EAN HWYAT JANIDSVYVDSTITSHDdEATADDSAATOAT STZ T
SSALATLIOCOY Nn—.w.ﬁmomwmvmu.mwﬂumﬂ MYDAKTVIOAVITONROTATSNMYNGUS T L0 OMASAUAGANMONMSTS SAMICOYOIDTHAM HWYAQ JANIDSVYDSTATISHOIEATIODSHAATOAD S1Z2° 1
SSALATIOOON N.Q.W.Hmvmwwmu.quwmﬂ AVDAATY LAV TS NNOTA TS NMYNGES I LAY DYASAYAQANMONMSTS SAMEDONOADDUAM HWYAQ TINIDSVYOSTYISUOJEATODOSAATOAT $IZ° T
SSAIATIOHOOM MQh.HmUmeMO.mO.HOHH_ AYDAXTYIAAVEISNROTATSNYYNAES I LAY OMASAYXAANMONMS IS SAMADDUDADOEAN HWYAQ JANADSYVISTIISHOIHATONDSEATOAN €121
SSAIATLHOON M«Q.N.Hmvmwwmo.wwﬂwmm_ AVOARTYLAIVYISNNOTATSNMVNAYS IL0Y DMASAVACANMONMSID SAMEDDHDADDYAM HWNXG JINIDSYVY Nwzwdmdomamm\wdnuﬂoom>AO>H [N
SSAIATLINOON NQhRmUmwOMth.HONH_ AYOAATYIAIVYISNNOTAISNIYNCYS I14Y] OMASAVACANMONMS IS, SAMEDDMDADOYAM HWYAQ dINIDS STIISNOIIATDODSHATOAS 1172 1
SSAIARLOTOM NQ.NEwa.UUNUMw.HUEQ_ MYORATYLAIVITONROTATSNAYNANS I LN OMASAVAQISOONMSIO SAMATONOIVONAM HRAVAQ J41I9S /wd UudMAnmme\y_qLmequg\wO 0TZ" 1
SSALANIDOOHM HQhUwaUUNUhU.HmMH MYIAATVIAIIITSNROTATSNAYNAUS IS A, DMASAVAAISOSNMSTS SAMITONOIVOUAM HWYAQ JdALIADSYYDSTHISUOI0ATIONSAATOAD] 60T T
SEALATIOCD  KAAASOODISIRDTOLE NADALTVICAATISNWOTATSNMUNGUSIIN] ODAASAVAMDIOSNMSIO SAMITONOIVOUAM HWYAQ QILIDSYVOSTIISHDIOATIONSHATOAT 80T 1
SCSALIATIONOM XAJASDSOHDSIXDIONA MYDJIAVIATTMTISNWOTXISNMENGESI LAY OYASAAXAWENONMSIS SAMATOMOIYDHMAM) HWYAS JALIDSVYOSTIISHDAOATODOSHATOAN 07" 1
SSALATIONOM XAASSOSOHDYIADTIONG MVOIATYIAAVHISNWOTATISNIUNUSI LAY DYASAIAINDONMSIO SAMITOMOIVOIAM HWYAQ GJLADSVYISTHISHOIOATONDSAATOAD, 902" 1
SEALIATLOOOM AQAHSOSODILIOADISSH] AVOAXTYLAIAY TS RO TAISNMUNAYS ILAY OMASAQYAQREOSNMS IS SAMITONDAYOUEAM HWYAA JIIJDSYYOSTHISOOIIATONDSIATOAT 50277
SSAIATLOOD NﬂhmmUmww.ﬁoﬁwﬂmmﬂ AVOARTYIAIAT TS IHOTATSNAYNAIS I LAY ONASAYATRIOSNMSTY SAMATIOUDAVOYIAN HRAVAG TALIOSYVOSTITISIDAONTOODSEATOAD P02 T
Nnhmwvwwwhowwﬂmmm_ MYOARTYLATANTS OTATSNAYNAYSILAY OMASOUAMAEOSNMSIS SAMTTIOUDAVOIAM HWVAA JAIIDSTYISTITISHOAOATONDCIATOAD €027
NQthUwGGMUNOHme_ WYOARTYLAT I TSNWOTATISNYYNMIS IIAY OMASAYAMIEOSNMSID SAMATONDAVONAM HWVAQ J4VIDSVVISTIISUDAOATODOSIATOAHE Z0Z° 1
mﬂhmwuwuwaowwﬂmmm_ MYORATYLATAYTONNATATISNMYNCNS IT Y] DEASAYAONEDSNMS IS SAMATONOAVOUAN HWVAQ d4LIDSYVOSTHISUDdOATOOOSIATOA 10271

S mﬂhmmUMUwQUMUAme MYOXATYLAEANTONWETA TSN YNAESILAY] DEASAUADWEDSNMSTS SAMITIONOIVOLAM HWNYAQ dALIADSVYDSTAISEDADATOONOSEATICAR (00T T
SEA NOIA9DL99SOXDTONE  MYOIATVIAIDITSNWOTAISNMYNGISII Y] DYASAYADISOSNMSIS, SAMITIONOIVOMAM HWYXQ JIIdDSVYOSTHISEO4DATOONSHATOAD 661°1
STA, H.JAHU Y0Y]  XQJASOSOOSOXDIVEA MYDAXTYIARTATSNWOTAISNNYNGYS 1T OYASAVAQEEDSNMSID SAMITONOIYOUAM HWYAQ YAVIDSVADSTITISUDAOATODDSHATOAH 86171
SSAIATIOOOY AQAASISOHDSIADIVIC AVDAXTVIAAVATISNWOTATSNAVNGESILIY OMASAYAMMMOSNMSIO SAMITONDHIYOH HWYAQ VAVIDSYADSTYTISEDADATOOOSHAATDAT, L6T" T
SSAIATIOOON AQANSOSODEDADISSA MVDAXTYILAIVATSNWOTATSNAANGISIZIY] OMASAVAQWIOSNMSIO SAMITIONOHIVOTA HWYAQ JAIIDSYYOSTITISASIOANTOOOSEATOAD, 96T T
SSAIATILONS AQANSOSODNDADISST YVOARTHIATVITSNIKOTATSNIANCYS ILAY DNMASOYAARIOSNMSTS SAMTTIOUDAVONAM HWYAG QILIDSVYISTHISHDAOATOODDSEATOAD G611
SSAIATIDOOM  AAILSISOHOWOIDTOEH UVOAATYIQINNISHNROTATISNAYNCYSILIAY, OYASAVAAIIOONMSID SAMITIONODADOHAM HWYXA C31IDSYVISTIISNOIOATOONSEATOAD, 761 1
SSAIATIOOON  XAAISISDOEOIDTOFHE YVOALTYIQIIIISNWOTATSNMUNMISILIYN, DMASAVAAILOONMSIS SAMITIONDIDOYAM HWYAQ J314DSYVOSTYISUDA0ATOONSIATOAD, €611
SSAINTIOUON XAJHSDSD9YEOIDTOOW MYIAATYIAIIITISNWOTAISHAVNCES I LAY OYASAVADNSOSNMSID sSAMTIONDIVONAM] HWYAQ J3I13DSVYYOSTIISYDAOATOD95EATOAD, Z6T1°1
SEALATIOOOY XAIHSOOODUDIDTOVA MYDALTVLATNITENWOTATSNYINDIS TN OMASAYAAMIODONMSID SAMIDONOIUINAM HWYAT JALIDSYHYDETMTSIDIOATIONSTATOAT T6T° T
SSALATIOCON XAIHSOD99MDIDTOHOA MYDAATVIITIATSNWOTATSNYVNGUS T OMASAYAGAIOONMSTIS SAMIOOMOIYOUAM HWYAT JJLIDSVVOISTUTSHOdOATIDNSAATOAT 06771
SSALATLIOOOM  XAJHSOSOHDWOADTOOA MVDAXNTVIGASUTISNWOTATSNMUNGUSTLIY OMASAVAGHIOONMSIS SAMIOOMOIYOIAM HWNYAQ GALIADSVVDSTITSHDADATOODSAATOAD] 681" 1
S SALATLO0OM  AQAHSDSODEDADIOOW AYOAATYLUAGIISNNOTATISNNYNTYSILIY OMASUVAQMIOONMSID SAMI0OOMOAVOHAM HWYAQ J4LIDSVYOSTEISUDIOATOOOSAATOAD 881 1
SSAIATLIDOON  AQAHSOSODEDADTHOA MVYOAXTYLAIIITSNWOTATSNNYNCUSILAY OMASAUAMIIOONMEID SAMETOMDAVOUAM HWYAQ dIIADSVYISTYISHDIDATOONDSIATIOAT L81° 1
. [X:(ute) ol 249do 2 qay 44 suoT ]

(ponunuod) | aunbi4

SUBSTITUTE SHEET (RULE 26)



PCT/GB2016/050067

WO 2016/113555

6/27

SSALARIDODM Hahﬂamo.ﬁuwmvwmdm&ﬂ AIDINTVIQIVYISNROTIAISNNYNGESILAY ONASAYARIMOSNMSISD SAMITONOIVOEAN HWYAQ CIIJIDSYYDOSTITISHDACATODDSHIATOAT 3771
mA SAIARLOOON IASCASOLODSOADISAE HIDAANTYVIAEVIISNNCTSISNMUNGISIIA OMASAVADWMIOSNMSID SAMATONOAVONAM BWYAM V2lIDSVY0S AmgvrVJ&@\/AUJJQM»)ACSm [
SSALAMIOUOM IGIVASOLODSOADTISHE MIDAATYLAGVATISNWOTATSNAVNGYSILIIY SYASAVADMEOSNMSIO SAMATONOIVONAM HWVAQ JLLIDSYYOSTISDO4ACATONOSEIANTIAY [
SSALAMIDODN IQAVYASILODSOADISYE MIDXATVIGQHVATISNWOTATSNAVNGYSIIN OIASAYADIUOONMSID CAMETIONOITOYAM HWVAQ GEIJIDSYYISTITISOOIOATOODSEATCAY LT T
SSALAMLOOOM TAIVASITOOSOADTISMA MIDAATVIAAVNTISNEOTATSNAVNGRISTIIA DYASAYADTHOONMSID SAMITOMNOATOUMAM HWYAQ TAIADSYYISTITSHD4d0AMODISHATEAT 9.7 1
SSALANIDODM HQ%QwUHGOWUMm.HmKE MIDAXNTVIGHEVYTISNKOTATISNYYNAESIINY DYASAYADIEOSNMSID S/AMITONOIVDEAM HWYAQ JILIDSWVOSTIICHDJ0ATOONSHATOAD] GLZ T
SSALARIDODM HahﬂamUEUEmUwUAmva MIDAATVIAII TS NWOTATSNIYNGISII N OUASAYADINOSNMSID CAMITOMNOIVOIAY HAVAQ J4LIDSYWISTIISUDACATOODSIATOAT FLZ°T
SSATARLOODN IQACASOLODSOADTISHE HIOAXTYIAEVAISNNOTAISNYUNGESTIIAY ODMASAVADIMOSNMSIO SAMETONOAVOEAM HWYAQ (QALADSYYOSTHISUDICATOODSEATCAE £L7° T
SSALAMIONOM IGIVASISOHDSOADISHE MVIXATYLAGVATISNWOTATSNAVNGYSILIIY DYASAYADIHOSNMSIO SAMATONOIVONAM HWYAQ JJLIDSYYOSTISUD4CATONOSEIATE wm CLT T
SSALAMIDODNM IAAYASISODSOADISHE VYOXATYIQEVATISNNOTATSNAVNGYISIIAY OSYASAYADLYOSNMSID SAMETONOIYOUAM HWVYAQ QELIDSYVISTIISHSdIDATONOSHATT TLeT
SEALAMLOTOM IQAYASOADSSOXDTISTE MNYDAXLTYLAGWYTSNEOTATSNIYNDAS TN DMASAYADMEOSNMSID, SAMITONOITDY HWYAQ FELADSWYDSTATSOOJOATODDSHAATCAH 04271
SSALANIDODM Hahﬂnwumwmwowmﬂmvmﬂ MYDALTVIAAYNTSNKOTATSNYYNAESIINY DYASAYAOWEOSNMS IS S/AMITONOIVDEAM HWYAQ FILIDSWVISTIISHDIOATOOOSHATCAD] 69271
SSALARIDODM Hahﬂamomummvwmdmumﬂ ACDIXNTVIAAQTIISNROTATSNMYNGESILAY ONASAYADWIOSNMSID SAMITOUOAVOIAN HWVAM F2LIDSYYISTITISUDACATODOSHATOAD 89271
mA SATARLOOOM IQAYASOAOSSOADISNG AVOALTYIUAVATSNWO TN ISNMYNGESTIAY OMASAYADNIOSNMSIS SAMITONSAVOEAM HWYAQ HILADSVYOSTIISYDICATONDEIATIAL L9271
SSALAMIOCOM IGIVASOIOSSOADTISHE MVOAATYLAGVATISNWOTATISNAVNGYSILIIY DYASAVADWEOSNMSIO SAMATONOIVOMAM HWYAQ FJ4LIDSYYOSTIISUDCATONOSEIATOAS] 99771
SSALAMLIOOONM IQIVASIdOSSOADTISHE MYOAATYIAGVIISNNOTATSNAVNQESTIIN DYASAVAOWEDSNMS IO SAMETONOIRDYAM HWVAQ 4& thnfﬂ) STHISHHJ0ATOONSEATEAD] 59T T
SSALAMLIOUOM IAIVASODSSOADTISE MYDAATYLIAOVYISNKOTATSNAYNAESITIA DYASAYADWEDSNMS TS SAMETONMOIYOEAM HWYAQ HiLIIDSYVOSTEISHDAOATHONSHATEAE  ¥9T° 1
SSALAWNIDODM IGIAVASIIDSSORDTISNE MUDZATVIAAVIISNHWOTATSNIVNIISILIN DIASAUADIMOSNMSID, SAMITIONOIVIIAM HWYAQ FiIIDES MUudMAOmDmC\/AOUDwm\/A Ad €927 1
SSALAMLDODM IAIVASOIDSSORDTISHE MUDAXTVIAQWITISNWOTATSNNVYNGISILIAY DIASAYADIIOSNMSID SAMITOMOIVOEAN HWVAG FILJADSYVOSTAISUDACATOOOSHATOAT Z92°1
SSALAMLIOOM IQAVASOADSSOADISHE MVOALATYLAGVAISNWOTATSIIYNMIST LAY DNASAQVADMIDSNMSID SAMATOADVONAN HNVAQ HAALJADSYYOSDIISUDACATOODEEATOATE  T92° 1
SSAIAMIOUOM IGIVASOAOSSOATISHE MVOAATYIAAVAISNROTATISNAVNGISIIIY 9MASAYADMMOSNMSIO SAMITONSIVOMAM HWYAQ ,n YOSTEISUDd0ATODOSEATOAY 09271
SSALAMIOOOM IQAVASIdOSSOADTISHE MYOAATYIAGVIISNNOTATSNAVNQYSIIN DYASAVAOWEDSNMS IO, SAMETONOIRDEAM HWVAQ Y05 TdTSHsdlATOONS M%H A 6457 T
SSALAMILOOOM TAIVASIGDSSOADTSE MYOIATHLOAVITISNKOTATSSUVHAYS T OYASAUYXOMIOSNMETD  SAMATOMDATIIAM  HWYXQ YIS D 30ATHDN! 862 1
SC /.H>2Hw003 IAAVASODSSORDTISHE MUDAXTVIAIVTISAROTATSHIVNAISIIN] DIASAYAMMOSNMSID SAMITONOIDDIAM HNVYAJ 29, wdmgnmﬂmm\,ﬁwwﬂwm\/gy\/) LGZTT
SSALARIDODN IQAVASOIDSSORDTISHT AVOARTVIAIVITISNWOTATSIYNCISILIAY DOUASAYA@IIOSNMSID SAMITONDIO0EAN HWVAJ UwquBmUmCN VAJOO)MN avbm 96771
SSALANIOOON IQAVASOADSSOADISHE MVOAATVIAEVATISNWOTATSNIYNMISTLIAY OIASAYAMMOSNMSIO SAMITONOJOONAN HWYAQ T
SSAIAWMIOOOHM IAIYASIIDSSIXDISHE WYIXATVIAGVATSNROTATENAVNAISTIN DMASAVAMMIDSNMSIO SAMATONSIDOMAM HWYAJ] AT
58 \/.H\,%HHOOOS IGAVASIdOSSOADTISHE YMYOAATYIQIVIISNROTATSNAVNQYSII N OYASAVAGIEOSNMS IO SAMETONOIODEAM HWYAQ Q& Hmbm fw E Amdnmrﬁm :_H(CL M%H m [T
SEATS S509M TAIVASIGOSSOXDTSNE MYOIATHLOMVITISNROTATSNIVHANS T OYASAYXOWIOSNMSTD  SAMATOMOATIIAM  HWYXQ HYOSTITSENIOATIONSHATEAD] 26271
S¢S /.H>2Hw003 IQIVASOIDESOFDTISHE MYDAXNTVIAIVISHHOTATSINVNAESII0d] DYASAYADNIOSNMSTD SAMITONOIVOEAM HWYAQ JIIJIDSYVOSTIISHDI0ATODOSAATCAY 16771
SSALAWNIDOON IQAVASOIDSSORDTISHE AVOARTVIAEVITISNWOTATSNYNGISIIAY ONASAUADNEOSNMSID SAMITONOIVOEAN HWVAM JILIDSYYDSTITISUIDACA Dwomm\,ﬁ)bm 062" 1
SSALARLODON IAAVASOADSSORDTISHA MVOAA VLAV ISNWO T ISNYYNUNS (L4 ONASAYAMPIDSNMSI SAMUIONSdVOEAM HWVYAQ (4LADSYYDS T ISUDdCATDODG: 6F LT
SSAIAWIOOON IQAYASOAOSSOZOTISHE UVOALTYIAAVITSNROTATSNAYNAYSTIIY OMASQVAMDIDSNMSIS SAMATONDAVOYAM HWYAQ (ELIDSYYISTHATISUDIDA ,AOJUQ@)A(\«M 8F7 1
58 >H>EHUO@2 IAIVASOAOSSOADTISHE VYOAATVIAEVATISNROTATSNAVNGYSII OIASAVADTYOSNMSID SAMETONOITOYAM HWYAQ GEIJDSYYISTITISHSINATOONDSEAT LY
S IQIVASOIOSSOADTSNE MYDIATVIQEMITISNROTATSNIVNANSILAY DYASAYAMMOSNMSTY SAMITONDIDDYAM HWYXQ GELINSYYISTIISHDIOATOODDSHATOA O 9vZ 1
S8/ VH>EHGOJZ IQAVASOIDSSORDTISNE MYOAXTVIQIVYISNHOTATSNYVNAYSIIAY DIASAYAMMOSNMSID SAMITSNOAYONAM HWYAQ JELJIDSYVOSTHISND4IOATONDSIATOAN  SvZ° 1
SSALANLOODM IAIVASOIDSSORDISHE MVDAXTVIAIVITISNWOTATSNIYNGISILIAY DIASAVADNMIOSNMSID SAMITOAOIVOEAM HWVAG JdILIDSYYOSTAISUDACATOOOSHATIOAD v 1
SSAIAMLOODM IQAVASOIOSSOZOISHE MVOALTYLAIVITISNKOTA TS MMENMIST LAY ONASAQYAOMIDSNMSID SAMIATONDAVONAN BWVAQ (4LJIDSYYOSTIISUDACATOODEIATOAD €92 1
SSAIAWIOOON IAIYASOIISSOXDTISHE UVOALTVIAAVATSNWOTATSNAYNMISTIIY O9YASAVAMDIDOSNMSIOl SAMATONDJIOONAM HWYAQ dSLIDSVVOSTIATSOOADATONOSIATOAD Zv7°
SSALAMIDODN IAAYASIAOSSOADISYT VYOXATVIQETATISNWOTATSNAVNGYSIIN OYASAYACNIOSNMSIO SAMETIONOIODYAM HWYAQ GELIDSYYISTITISOO4I0ATOONDSEATOAD 19T 1
SEALAMIOUOM IAIYASOIOSSORDTISTE NYOIATYIQHNISNHNOTATSNIYNANSITAY DYASAYXAMEDSNMSID SAMITONOIRONAM HWYXQ JEIIDSHVOSTYISHDIOATONDSH >.HW>‘Q 0vZ 1
SSALANLOOOM IAIVASOIDSSORDTISNE MYOAATVIAIVIISNHOTATSNY VNS ITAY DUASAYAMMOSNMSID SANTIONOIVOEAM HWYAQ JJIJDSYYOSTHICDOA0ATORDSAATOAD  6EC T
SSAIATIO0OM  AG4ISOSHONOIDTOE ADAIATVIAEIVIISNWOTATSINYNGISIIA VMASAYATISOONMSIO SAMITOMOAAMEAM HWVAQ JQELIDSVYYDSTATISOO40ATOOOSEATIOAY 88771
SSAIATIOOOM  KAIASOLIDSOADTONE MVOAATVIAHIATSNWETATSOMYNONSTLIIY ONASAVAATIOSNMSIO MATOADAVONAM  HAVAQ d3LADSWT: deﬁqmm@&mxﬁoww ABATOAT  LEZ'T
SSAIATIONON XQJASISODSOZOIVDG VVOAZTYIAHVITSNWOTATSNAYNANSILIIY OYASAUASMMOSNMSIV 4\,%54@&@&40&\;.? HALAQ ASAIDSVYISTAISUDACATONOSEATAAT 9€7° 1
SSAIATIOOOM  AQAQSISODSOADIVOM WYOAATYIAITIISNROTATSNAVNOYSIIN OMASAVASMEOSNMS Hi YAMITONOITOIAM HALAQ ;\wﬁ&mbmdmomdmdmm d0ATOOOSHATEAY  GET° T
SEALATIOUOM  RQIASOSHOSOXOIVDA MNYOIATYIQHDITSNHNOTATSNIYNAIYS I 14y Ugmﬂﬂwmvwmwwz.smnnﬂ YAMITOMOIYOEAM HWIXQ AZJIDSYVOSTITISUDHIOATOOOSHATEAH PeZ 1
T £3Aad) ey NMQUM (4| qad) g SuOoTD

(ponunuod) | aunbi4

SUBSTITUTE SHEET (RULE 26)



PCT/GB2016/050067

WO 2016/113555

17127

SSAIATIDOOMANNMMAQEIONYOIAAYICESHIS STERAYIS T S INY LRI AY/ABINOVAALNONY ANHMOIME T SUO IVOEAMNIQAS]T IXD S VDS ANASYSANIATYOSOATONY & 7
SSALATIO0OMANNMAMPIDN YO AAV I GASH TS S TRRAYL S 15 INY LRL A0SOV AALNONL ANRMON E T S5 IV0 U AMNT QAN ddXDS VIS ANASYODAGVESOATOAD 72
SSALATLODOMAINNMMNOIIDE YO AAAY LEHS SIS S THENAY LS LS LNE LINLAY QOMMO&E&&ME%E@Z?EJ S¥EDL ddm\,,E_ZH AAS|LAdADSYHDSANASYEAMNATTOSOATOAD £ 7
SSAIATIOOOMANNIMAQEISNE VO AAAY LAASH IS STENAYLS T S LR LNLAY/ADINOVAALNONI ANHMOIME T SO I VOuAMNI AAS|T SdXD S VDS ANASYODMIATVOSCATONY 22
SSALATLOODMANNIMAMIIDN Y OAAAYIGHS YIS STERAYIS IS ING HFH?MUO.NMOANEQUmZQEEUZ WH‘A_mOUHdOK.\/».»_.ZHQNw LAAADSYNISANASYIIAMAATYDSOATOAD 172
b £4a9 Z3a0| M4 T¥ad TaEpUOT)

Z 9Inbi4

.

SSALAMIOOOM IQAYASISOOSIADTENT HMADIATYVIAVIISNWNDTATCNTYNGIS 1LY OMASAYAMIMOONMLIS SAMTIONOAADYAM HWVAQ (ASIDSYYISTATSEMOA0ATOODSIATEAT 9 i
SALANIOOON IQIAVASOSOOMIADTISNG MTIIATVIOASYTISNWOTATSNNYNAYSIIN] DMASCUYAGNYOONMSIO SAMETONOAVONAM, HWVAQ JALIDSVIDSTATSUOIOATOOOSHATOAY Gig 1
SSALAWIDODM IQAVASOSOOWMDADISHE NMIDAZTVICISYISNWDTATSNNYNAESILD OMASAVAGWYODNMSID SAMIZTOMOIAVOEAM HWVXQ JILIADSVIDSTIATISUDIINTOOONSHATOAD ety
SSALAKIDOOM IAAVASOSUDODASTISHA MIDAXTVIMIIYISHNOTATSNMYNIIS LD OMASAVAAWIOONMLIIO, SAMETIONSAVONAM HWYXQ JALIDSVYOSTIISHOI0ATINDSEATOAT R
SSALARIZODM IHAJASOLODYDADISHH MADAATYILAHSHISNROTATSNYNGIS ILAY] OMASAVAMMEISNMLIY SAMETONSAVOEAM HWYAQ (4S49S5Y¥YOSTIISUDA0ATONDSEATOAD) [ S
SSALARIDOON IGI9ASI8D9UIADISYH HVYIAAWNYIAHAYISNIOTLTENNYNCAYS I LAY OMALAAXAAYDONMSIS] SAMEIONDIADYAM, BWYAHE JANIDSYVISTITSUDACATODDSEATOAD P 1
SSALATIOOAN IAIDASISDOSIADISYT MVOAIATVIGAAYTSNWOTATENAUNAIS LAY DNAJTYADANOONMSISD SAMNETIONOIVOEAM HWYAE CQINIDSVVISTATSHOIONTODDSHATOA 01e" 1
SSALARIDDD, IAIVASOADOIOADTISEH MADAZTYIATLMTISNWOTATSNYVNGUS T LAY OMASAYAGINOSNMIID SAMETONDAVOEAM HWYAQ GALIDSYHYDISTITSHIIOATODDSHATOAD 60¢°T
SSALAWNID0DY IQASASOLODSOAOTSAQ MADAIWYIAIVATSNWOTUTISNNVNGASILILY] OWISAVAQINODNMSID| SAMETONOIIONAM HNYAQ DALIDSVVISTIIMOIOATOODSEATOAT 20e° T
SSALARIDDDY IQASASOIOOSIXADISAQ AADAARYLAATYISNAD TATSNNYNAYS L Ld| OWISAYAAIUDONMSIS| SAMIIOMDIJOEAM BWNAQ D4L4DSTVISTAITED40ATODDSUAIDAY, Loe" i
SSALAWIDTON IGIDASISOOMDADISYE MVOAATVICAVUTISNWOTIATENMUYNGUSILAY| OMALGAXCAUDSNMSIO| SAMETONOIVINAM HWVAQ CISADSYYVISTUITISUDICATODDSHIATOAD 90€" T
SSALAWIOOOM IAAVASIIODSIXDTISHH MYDAXTELATAITSNWOTITENIVNMIS T LN OMASAVAMMIDSNMS IS SAMITONOIVOEA HWVXA YAYIHSVYISTHTSASIOATOONSHATGAT Qe T
SSALANIDOIM IQAVASOLODSIADISAH MYIAZTVLAIVATSNRD TATSNIVNGAS LI SMASAYADMIOSNMS IS SAMETOYSAVOEAM HWLAQ CASIDSVVOSTITISLOA0ATIONSEATOAD oLt
SSAIAWNIDODY IQASASOSOHSOADTSAW HMADIARVIOIAYTSNWNOTATSIIVNGIS ILIY OMASAYADISOSNMSIS SAMITONDAVOEAM HHVYAQ CIALIDSYYDISTITSHOIOATODOSIATOAD £0e° T
SSAIAWIOODY IAASASISHOSIADTISAA JADFAWVITHANTSNHOTI TSNMNYNAYS SMASAYZOISOHSNMSTS| SAMTIONOAYOYAM HWYAA JALADSYYISTATSADIOATONDSIATOAD Z0E T
SSALARISODY IAASASOLDOSIADISAM YMADAZWVIALILYISNWOTATSNAVNGIS 1LY DMASAVAMAEDSNMS IS SAMETONOAATEAM "TAVAC CQALIDSYNVOSTAISUYSIOATOODSHEATIDA ToEeT T
SEALAWIDODY IQASASDIODSIAATSAN MADAIWYIAAVATISHNDTATANNYNOIS LD OMASAVAMNIDSNMNS 19) STOMOIIOEAM  HWYXA CALADSYYISTIISHIIOATODDSEATOAT 0Ge" T
SSALARIDODY IQISASOIODSIAATSAQ MADAIRVIAIATISNHOTXTENMYNTIISILAY] OMASAVAMMOSNMS IS SAMETIONOJIOEAM HWYAQ JILIDSYYOSTMISUYDdOATOODSEATOAD 660" T
SSALANIOON IQASASILODSIAATSAA YADFARVIIAAYTSNHOTATSNMYNAYS I LAY OMASAUAMIIOSNMSIO| SANTTIONOIADLTAN HAVAD (JALADSYYISTATSIDIOATOODSAATEAL 86771
SSALAMIDODM IQIAQSISDHOSIXDTSAQ WVIILTVIJHAYTISNWOTLITSNMYNMESIIIY SYASAYAAIYOSNMSTSO SAMITIONOIVOYAM HWVAQ JAJIDSVVISTIATSEDADATOODSHEATOA L6621
SSAL \,EH@O.U IAIOASOLODSOADTISAT MTOA ATELAAVAISNHOTS TSNAVNGIS T T4 OMASAOYAOWEDSNMSIS| SAMETONOAVOEAMN HWNAQ QALIDSVYDSTIISOIA0ATIONSIATOAD, 9677 T
SSALANID0D, HQ%&UBUUMUNU_Hmm_E ATDAZTYIAGVATISNHO TATSNAVNTIS T I OMASAYADMIOSNMSID SAMETOUDAYONANM HWVAQ CALIDSVYDSTIISOOJDATOODSEATOAT 1
SSAL \)VSHGO.UE I1AAVASILODSIXDTISHH HADARTVIATTHTSNROTITENNYNAESALIY OYASAVAOIEOSNMS IS SAMTTIOMOAVONAM HWYAQ dALIADSYVISTHTISODADATONDSHATOAY -
SEALARNYOOOM IGAVASISDOSIADISHHE HAOAATVIAENIISNROTITENNYNAIS ALY DMASOYAMMEOSNMSIO] SAMEIONOIVOYAM, HBWVAA JALIDSYVISTATS9940ATOODSEATOAY it
5 wDH ,.240003 IQAVASOSOOSOXDTISHE MADALTVIAIVYISNWOTITSNMVNAISALIY| OMASAYAMINDSNMSID SAMITONOIOTEAM HWYAQ GILIDSYYOSTHISUDIOATOODSTATONL T
SSALAWNID0DOM TAAVASOSODSOXOTISHA HMADAXZTWIAIGVATISNWD TATSNIVNDASALL] OMASAUVAMMNMIOSNMSID| SAMETOYDIVONAM HWYAQ JALIDSYWOSTITSUIJIOATOODSEATOAD ‘T
SSALANIDOOM IQAVASOSODSIADTISHE Ao Q%M.H/.NHQmédmZZOdhAnZM@ZQMwJ)HMM OMASAYAMIIOSNMS IS SAMETIONDAVOEAN HWYAQ FILIDSVYISTEISUYDADATOODSHEATOAT 067" 1
SSALAWYODDN IQAYASOSDOSADTISNT HADILTYL JATITSNHOTITSNNYNAYS AL, OMASAYIAMMMOSNMESID] SAMITIONOITON AN HAVAD HAILADSHYISTATSIDIDATOODSTAATEAL 682" T
SSALARIDCOM HQhﬂZmUwawUqumem_ HALOAZTYLATCITISNHOTATENIYNGIS T mm OMASAQYAMMNMEOSNMLID| SAMITIONDAVOEAM HAVAQ JALADSYYISTATSHOICATODDSIATOA 882" 1
SSALANIDDDIM HQ.md.ZWUBUUWUNU.Hmva_ MIDAZTHIQAVIISNWO TATSHITNTES I LAY OMASAOTAMMEDSNMLID SAMETOMDAVEEAM HWYXA CALADSYYISTAISUDA0ATHOOSHATOA L8e"
SSALAWNIDODM RAIDASISHOSOXDTISNT MYDAXTYIAIVIISHWNOTATSNAVNINS ILDY| OMASAVAONIOSNMS IO SAMETIOMOIVOYAM HWYAR JISAOSYYOSTIISHOADATINDSHEATOAT 9821
SSALANIDOONM IQIDASISOHDSIXDTSNT UVIIXTVIAIVITISNWOTATSNMYNCISILdd] O9MASAYIOMIOSNMSTIY SAMITONOIYOUAM HAVARE dISIDSYYISTATSUDADATOOOSENTOA S8zt
SSALAWIOODK IGADASISDHOSIADTISAE JVIZIATVITATITISNHOTATSNAYNAYS I LG DRASAYADNEOSNMSIO| SAMTIODIDAVOUAM HWVAE dISd2SVVISTATSEDAOATODDSAATOAT pggTt
SSAIAWIOGOM IAIDASISHOSIXOISHT HVOIAXTYIATVITSNWOTATSNMVNANS ITAY DIASATIDNADSNMS IO AMTTONDIVOEAM HWYAE JdASIDSVVDISTAT SUSATATODDSHATOAD £8Z° T
SSALAWID0OM IQIDASDOSODSIADISHH MUDAXITLLUAVA ISHND TATSNAVNGAS L LAY OMASAVADMIOSNMS IS SAMETOMHdVOEAM EN..A QASADSYEIS I ISHEA0A 1DDDSHATDAD 28771
SSALARIDODM IQJDASOBODSOADTISAT MYOAATYLAIVAISNRO TATENMYNCTES I LAY DMASAVADMEDSNMSID SANEIDHSIVOLAM gﬂﬂ AASADSYVISTIISUDIOATOODSBATCAD T8¢t
jiga mﬁQUw RSk [4:1ste: [4s xDUA T SUCTHY

(penupuod) | a1nbi4

SUBSTITUTE SHEET (RULE 26)



PCT/GB2016/050067

WO 2016/113555

8/27

SSALAYID0OMAAAMDS SADEYO X AV IV TSHIOTATS NNYRCHS T L IDASAAXOTESOAHNTINYAME TN JY0Y TMINMAL|S L1 I0SVY DS DTS ODI0ATHOSTATOAT Tr'g
§SALATIOOSMABIMDSSADMYOAANY LAV TS INO TATS NYVYNGYS T LAYDNASAARONISOAONINY AMETONO AV HAMINMALIS I1 A0S VYOS T 1S DOAEATIOOSEATOAT Th'E]
SSALATIOOIMABAMDSSADMYOA ANV I AV TS INOTATS NIYNCGHS T L DUASAARONASOABNINY AN T TON OV AMINMALIS 11 A0S VYOS TS DDAEATIODSAATOAT] OV’
$SALATIO0OMABAMDSAMON YO A AAY LAV TSNIHG TXT S IVNCNS 11 1 OMASAAR AN ESDABR INVANT TOND AVON AMSHMALS 14 IDS VYOS T TS 90d0ATIODSIATOAL] 6E°€
SSALATIONOMITAMDSEMON YO A LAY ATV TSNS TATS SUVNCS T LIYOMASAARANASHABNINY ANE TOUD IVOE TMERMAL]S Id IDS VYOS T TS H0d0ATIDDSTATEAT 8E'E
SSAIATIONOMITAMOSAMOM YDA LAY LTV TS NWO T4 TS NIVNGHS T LAONASAAR ANESOAONINYAMT 1OV I¥0E THEHMAT]S 1d A0S VYIS THIS99d0ATINOSTATOAT| LEE
SSAIATIONOMATAMOS SXOMYO LAWY LATVNE TS INO TATSNMYNGHS I LIdONASAAXONESDAONINYAMI TOYO VO AMINMALS 11 DS VYIS THISIOdEATIOOSEATOAY 9€'E
§SAIATIONOMAGAMOSS RO VO X XAY LAV TSNIHOTATS OYYNGUS T LAMDNASAARANESOAON INVAMETOND VDT AMINMALS Id D SVYOSTIIS D9 I0ATODDSIATOAT SEE
SSALAIIOOOMAGAMDSSADM YOI AAY LTV TSNINO TATSAWNGHS T I 1DNASAARANESOAANINYAMI TONO IO Y AMIRMALLILIDS VYOS THIS OO IOATIODSHATOAD| VEE
$SAIATID0OOMAAIMOSSADNVYOAANY LGTYE TS NHO TRASNIVNCES T LNDMASAARANESDAININYAMI TONOIYONAMSHMAS|S I1IDSYYOS THISDDA0ATIODSEATOAD] EE'E
SSAIATIOOOMATAMDOS ADMVOAAAVIAIVE TSNHOTA TS IHIVNCYS T L AOMASAARANESOAHNINYANT TONOIVOLAMSHMAS|S £1 DS VU S TUTSD0d0ATOODSEATOAD] ZEE
SEALATISOOMATANDDSADM VD AAAVLEATH TSHHO TATS MYNGYS T L AGOMASAARANESDAHNRINVANT TONOIVOHAMINMAL L AT ADS VYIS TUTSD940ATODOSAATOAD TE'E
SSALATIOOOMATAMDDSADM VD LAAVLETVE TSNHD TATS NMUNCGUS I LIUDNASAAXANASHOHNINVAMT TONDAVOUAMIAMALLALIDS VYIS THISO9J0ATOOOSIATOAT 0E'E
5SALIATIODOMAGAMDS SAVM YDA AAY LTV TS NNO TAAS NN YNGHS I LIdONASAAXONESDAEN INVAMEAD YO IVDdAMSHMALS L1405V Y0 S T IS D0d0NTI00SEATOAE 6TE
SSAIATIDDOMATAMOSS RO VO R AAY IAIVE TS NIHOTANS NIANGHS T LIMDNASAARKNISOAHNTINY AMTTONO VDT AMIHMALT I 1D SVYOSTHISDDA0ATIODSTATOAT 8TE
SSAIATIOOOMAGAMDSSADMYOLANY LATVI TS N0 TA TS NI ZNGH S T 1 DONAS QAR XNESDAONHNY AT TONO VO THMSHMALS I1ID5 VYOS TTSDDJOATEODSTATOAD| LTE
SSALATIDOOMATAMOSS RONVOAAAY 1TV TS NHOTA TS VNG S T L NYDNASAAXBHEASDABH INYAN T TONDI YOI AMINMALS I1 A0S VYOS THISE0d0ATIDDSINTOAT 9TE
SSAIANIN0OMAGAMDSSAONVOAAAYIAEVE TONHOTATS NNV NG S T 1 AOMASAAXRD IHSDADNINYANT TONOIVOAAMINMALS 14D VYOS TUISD040ATO00S3ATIAT STE
SSALAYIS0OMIAIMDS SADRIVO A AV ICHTI TSNHOTATS NNYNCH S T LAMOYASUAROIESHANNINVAMIE TOMD IV0E IMINMAL(S A1 IDSVVYIS TITS0940ATODDSIATOAT, PTE
SSALAYIS0OMACAMDS SADMVOLIAYIGITE TSNHO TATS NNYNCYS I LIUDUASAAXB I ISHAHNINVAMT TONOIVOU IMINMAS|S 14D 8VY IS THTISSDJ0ATOOOSTATOAT €TE
§SAIATIODOMAGAMDS SADM YO X IAYIAT TS0 TS TSNNYNCHS T L IdONASAAXNEESOAON INVAMI TONO VO dAMARMALS 11 IDSVIDS THTS 00N TIOOSTATOAE TTE
SSAIATIONOMATAMDSEMOR VO X AAY LAHVE TSNINO TATS NI YNGHS T 1O DNASAAXANESOAONINVAMA TOVO VO THMIMALS 2 IDS VYOS THIS O d0ATIONSHATOAY TTE
SSAIATIOOOMATAMOSEMOM VYOI ANY LATVE TS NING TATS N YNGH S T L D 9NAS QAR ANESDADNINVAMI TONOIYD T TMMHMALS Z4ID5 VY DS T IS D0dOATIODSTATOAD| 0TE
$SALATIHNOMACAMDSSADNYOA ARV LA AVE TSN TXT S MNVNCTS 111 OMASAAR AN ESOAHNINY AT TOND AV TMSHMAAIL 11105 TV 0S T TS 99d0ATIODSIATOAT 6T'€
SSALATIH0OMAAAMDSS AOMYOAZNY ATV TSNHOTATSIVIVNGNS T L AOMASAAKANESOAHNINY AMT TOYO IO TMENMAZL AL IDS VYOS THISHOA0ATONOSIATIAT 8T'E
SSALADIEDOMIAIMOS SAOR VI LAY LOFVATSNKOTNTS NFWNCY S TLAYOMASUARANILOAONINY AMA TOVD TYOY AMIHMAL|S AT IDSVYIS TITSH0A0ATODDSTATOAT LT'E
SSALATISOOMAQIMDS SADMVO LAWY LATTH TSNHOTATS NMYNGHS I LIMDNASAAXONESHAONINYAMI IONDIYOHAMTMMALS LD SV IS THISHDADATHDOSIATOAT 9T'E
§SAIATIONOMACAMOSS RO VO X ANV LA T TS NINOT A TS NI VNG S T T MDNASAARDHESOAONINY AMITOND VDI AMIRMALS 11D SYVOS IS D9 I0ATODDSIATOAT STE
S AALATIONOMAZAMDSSRDMYO LAWY LTV TS INO TATS NN YNGHS T I 1 DNASARONESOAONINYAMI TONOIUD Y AMIRMALS L1 IDS VYOS THIS OO IEATIODSHATOAE YT'E
SSAIATIOOOMATAMDSSADNVO L ANY LATVE T8 INO TATSNIVNGES T 1 AONASAARONASDAONINYAMI TONO IV AMINMALS L1 IDSVLOS TYISDOJEATIODSHATOAT ETE
SSALATIO0OMITAMOSSADRVO A ANY LATVE TS THOTATSILIVNCYS T L OMASAARDNASDADNINY AT TONO VO AMIAMALS S1 D5 VYD S TUISD0dEATOODSEATOAD CTE
SEALATISOOMATANDSSADM VIR ANV LETVH TSNHO TA TS NUYNGIS T L IGOMASAARANASDAONKNVANT TONOIVOE TMINMALS AT DS VEDS THTSD940ATODDSAATOAD TT'g
SSALATIDOOMATANDS SADRIVI A ANY LAV TSNWD T TS U YNGES T LAYDMASAAXANESDAONHN Y AMT TONDIVOY TMINMAL|S I1IDSVEDS THISD94¥ATODDSHATOAT OT'E
SSALATIODOMAIIMDS AMDN VDA XAV LGV TS NWOT A TS N YNCH S T LIGOAASUAR ANASHUOA INVAMT IO I IVOUAMSHMALS A4 IDSVYIS TITSODIONTINOSIATOAT, 6'E
SSALNTIOOOMATIMOS AMOR YOXAAY LGH VA TSNWO TA LS NYYNGH S T LEMDIASAAXXNISOAENHNYAME TONO IV ON IMMHMALS ddIDSV YOS T ISHHA0ATEODSIATOAT,  8'E
SSAIATIONOMATAMOSEMONVYORAAY IATVE TS NHO T TS NI YNGH S I LMDNASAAX KM ISOAHNHNY AN T TONO IV TMMRMALS Id 1D VYOS THISOOI0ATOODSIATOAT] L€
SSALATIODOMATAMOSEMOMVYDAIAYLETVY TSNWO TA TS NMYNCY S 1L IMOMASAAX XN ISDAON INYANT TOVO YO TMEHMAES TS IDS VYOS THTISD2d0ATIODSIATOAT, ¢
SSALATIDOOMELAMDSEMONVOAAAY LTV TSNHOTATSIMIVNCN S I L NDMASAAR AN ASDAONINY AN T TONDIVOL IMNHMALS T8 A0S VYOS THIS09d0AToD0SINTOAT  SE
SSALATISOOMATANDSHMDM VO X ZAVLGHTE TSNHOTATS SUYNGS T L IMOMASUAXANESDAONINVAMT TOND IO TMENMALS Id 495 VYIS THISD940ATODDSHATOAT  V'E

7dd £433a0 cdd [4:le 2dd T9da9)| TE4RUoD)

(penunuod) 7 91nHi4

SUBSTITUTE SHEET (RULE 26)



PCT/GB2016/050067

WO 2016/113555

9127

SSALATLODOMANNIMAMIEON WD IAAVIAESHISS THHNAYLS 15 LN LW LANDDIMOVAALAOSNANKMOKM AT S ODLYOUAMNI GAS|LII KD S VIO SAYASYOINMARYOSDATOAT 1677
S SALATIOODMANNIMAMIEDN VO ARAY LA HSH TS S THHAYLS I 5 LN LNLAODIM0VAALADSNANRMOMIE 1T 3D LYOYAMNI GAS|LAdA DS VHD SANAS YDODIATYSSOATOAT 067
S SALATLOCOMANNIMAQUEDE YD AAAYIATS YIS S TENAYLS I 5L LNIAYDD DIOYAAINONE ANHMOMMET S¥0 LYOUAMNI QAS|LAIADS IO SAMASYDDUANEYISOATOAT, 68°7
§5ALATIOODMANNIMNAN IO VO AAAYIAISY ISS TAHAYLS I S INSINLAYAOINOYAALADSNANKMORM TS OD LV AMNI GSELAJ A0S VIDEANAS VD IMIATYOS0ATOAT| 8877
S SALATIOOOMANNIMAMININ Y IIRAYLATS YIS S TINAYLS I § LN LNIAYA0INOVAALNONNANWMOVET SO0 LYOIAMNI QAZ|LAS ADSAD SANASYDIMATYISOATOAD L8 7
SS5AIATIO0OMANNMMAQUES YD IAAYIAISHISS THHAVIS TS I INLAYDE DIOVAALNONNANHMO M T SHO TYDUAMNI AAS|LIIRO SO SANASYODIMATYOSOATOAT] 98° 2
SSALATLODDMANNIMAQIEON VO AXAYIAESH TS S TENAYLS IS ING LNLAY A0 ANOVAALIOSTANRMOWME TS IO LY DU AMNTGAS| LA A SYMOSANAS YO DMIATYOSOATOAD 687 ¢
SSALATIOCOMANNMMNAE IO YD AAAY LAIS U TS S TTHAVIS T 5 LA LNIATDDMOVAALAD S IANRMOVME T 500 LYOYAMNI AAS|LAGXD S VMO SANASYDINIATIYOSOATOAD #8°7
SSALAT LODOMANNIMAMINORE YO IAAYIAISY IS S TAAAYLS IS INSIHLAYDOINOVAALIOSTANHMORMETS OO LYOIAMNT QAR LIIADSYADS AMASYOAIATTOSOATOAD €872
SSALATIOODMANNIMAQI TN YO AAAYLATS IS5 TEHAYLS I §LNE LNIAYA0INOVAALNDONY ANWM IV E TS 0D LY DIAMNI QAS|LALADS D SANAS YDA MATYDSOATOAD 8" 7
SSALATID0OMANNIMAMIEOR VO IAAYIAES TS THHAYLS I 5 LN LNLAYDD IOV AALNONEANHMOKME TS 0D L YOUAMNT QA LAL ADS WIDSAMAS YO IIARYOSOATOAT 1877
SSALATIODDMANNMMAQITON VD ARAY IAESHISS TEHAVLIS I § 1N LNIA DO SMOVAALND ST ANHMOVME TS0 LVOMAMNT AAS|LAd ADSVHOSANASYDDAAZYISOATOAD 0872
SSAIATIOODMANNMMAQEIDN YD AAAYIAESUISSTIHAYLS TS LS LNIAUDOINOVAALND SHANRMOWM T ST LYOUAMNI AXIIAIRAD SAO SAMASYDDMAIYOSOATOAY 6L° 7
SSAIATIODOMANNMMNIESON YO IAATLAISH TS S TANAYIS IS INS INLAYOD IMOVAALADSYANHMOVIMET SO LYOSAMNIGAS|LAIAD SADSMIASTODDIATTOSOATOAD 8L 2
SSALATIOODMANNIMNEDN VO ARAY LAES IS5 TINAYLS IS LNE LNIAYDOINOVAALAD S TANWMOMME TS0 LYOUAMNI QAZ|LAd DS VHD SANASYDINMATYOSOAIOND LL T
S SALATLODOMANNMAQNEDE YO AAAY LALS Y TSS TENAYLS 15 INELWLAYDDINOVAALADSDANHMOHMET S 49 LYOUAMNIASHLAIRD SV ISAUAS YO INATIVISAATOAT 9L° ¢
SSALATIODDMANNIMAMINDN VD XAV IAESHTES TEHAVLIS I § INE LHIANDO SMOVAALADSDANHMOVME TS0 LVOMAMNT AAS|LAd ADSUNDSANASYDMNATYISOATOAD G172
SSAIATIOUDMANNMATEEDN YO AAAYLAESUISS TIHAYLS IS NS INLAYD0IOVAALAONLANRMOMM T 30 LYOUAMNI AXS|TAYAD SAO SAMAS YD DRINAYOSOATOAY FL ™2
SSAIATIODOMANNMMAMIMON YO IAATIATSH TS S TAHAYIS IS INS IHLAYOD IMOVAALAONNANHMOTIM =T S0 TV AMNI GAS|LAVAD SYADSANASTODDIATTOSOATOAD €L 7
SSALATLOODMANNAMAQIEDZ VOAAAY LATSHTS S THHAVLS I 6 LNE LI AN GO ANOVAALADS EANWMONAE 159D LYOUAMNI QAL AGAD SV DS ANASVIdRIATYOSOATOAD 2L° ¢
SSALATLODOMANNMNAE IO YO AAAY LALS Y TISS TENAYLS 15 INELNLAY GO INOVAALNONL ANHMOHME TS 99 LYOUAMNTAAS| LAIAD SIS AUAS YO IMATVISOATOAT 1472
SSAIATIDDOMENNIMNAE TN YO AXAYIAESETSS TINAYIS IS INY INI AT A0 ANOYAALNDNL ANHMORME TS HO IVOUAMNTAAS| T Id A0S WD SANASYOINIATYOSOATOAD 0L 7
SSALATIOODMANNAMNAYI D YO IAAYLATS YIS S TENAYLIS IS LY LUIAYADIIOVAALAD SO ANWMOVE'T S0 LYOdAMNI QAL A RDS A O SAMASYDAMNATYISOATOAD, 6977
SSALATLODOMANNMMAQNEON VO XAV LARSHTSS TANAYL SIS INUINIAY A0 AIOYAAINONI ANHMOWM 3 S U0 LY OUAMNT ARLLAIADSYADSAUASYDDIATYISOATOAT 89" 7
SSALATIOOOMANNAMAGEEDN Y OARAY LATSU TS5 T INAYLS T 5 LNE LHIANADINOYAALNONL ANWMOIME T 51D LYOUAMNT AXS|LAdAD SYH DS ANASYDIYMATYOSONTOAD LG° T
SSALATLODOMANNMAQWEDK YO AAAY LALS Y TSS TENAYLS 15 INGLWLAY GO INOVAALAONL ANHMOHMETS 0D LY OUAMNIAAS| LAIAD S VIO AUAS YO INATVISDATOAT 99°¢
SSAIATIDDOMENNIMAMIEON YO AXAYIAE S TSS TINAYIS IS INE INI AT ADINOYAALNDNL ANHMORME TS OO IVONAMNT ARSI Id A0S WD SANASYOINIATYOSOATOAD G9° ¢
SSAIATIOODMANNAMATYED YO IAAYLATS YIS S TENAYLIS I S LG LUIAY ADIIOVAALNDNAANHM OV E'T S0 LYOYAMNI QAS| LAV AD SO SAMASYDAMNATYISOATOAT, 7977
§SALATID0DMANNIMAMEEOR YO AAAYIJES Y TSS TAHAYLS T S INS LINLAYADINOYAALNONLANHMORMET S YD LY DY AMNI AAELAS A0S WIS ANAS YD IATYOSOATOAL] £9°2
SSALATIDOOMANNAMAQEEDN VD LAY LATS WIS S TEHAYLIS I S 1NE LHIAYADIMOVAALNDNT ANRMOMME TS0 LYOMAMNI AS|LId LD S VD SANASYDINNATYISOATOAD 2977
SSALATIOOOMANNIMOQUEDRE YO IANY IAES YIS S TEHAYLS TS INGINIATAODIOVAALNONA ANAMOKME T S0 LY O AMNI AALL I RO SIS ANASYOINYATIYOSOATOAT 1972
SSAIATIDOOMANNMMAGIEON VO AXAVIAASH TS STENAYLS I 5 INGINIANADIAOYAALNON ANHMOWME TS HO ITVOUAMNT GAS| LAJ AD SO SANASYOANMATYISOATOATD] 0977
SSAIATIOODMANNAMAYED YO IAAVLATS YIS S TEHAVLIS I § LTI LHIAYADIIOVAALNDONLANHM OV E T SU0 LYOUAMNI AAS| LA AD SO SAMASYDAMHATYDSOATOAT, 6677
§SALATIDODMANNIMAMEEOR YO AAAYIJES Y TSS TAHAYLS T S INS LINLAYAOINOYAALNONLINHMORME TS OD LY GUAMNI AAS|LAJ A0S WID S ANAS YD IATTO SOATOAC] 8672
SSALATIOOOMANNIMAQEEON YD LAY LATS N IS S TIHAYIS I S INE LNIAYADINOVAALNONL ANRMONE TS 00 LYOMAMNI QAS|LAId 1D SUHDSAMASYDINMATYISOATOAD L5 7
SSALATIOOOMANNIMAQUEDE YOS ANY IATS YIS S TEHAYLS IS INEINIATAOIIOVAALNONL ANAMOIMET S OO LY OB AMNI AAS|LIIRD SIS AYASYOIMIATVOSOATOAT 967 ¢
SSALATIODOMANIMAMITON VO IRAYIAESHTSS TEHAYLS I S INS LHIAODIMOVAALAD STANHMOWME TS0 LY OUAMNI GAS|LAdADS VA SANASYDIDAATYOSOATOAD 6677
SSALATLOOOMANNMIMAGYIDN VO IAAYLATS YIS S TTWAVLE T § LS LHIAY GO IMOVAALNDNL ANWMOVME T 5380 LYDYAMNI AS|L I XD S VO SANASYDANNATYISOATOAT #6572
5 SALATLODOMINNMMAMIEOK YO 4AAY LUSSH 1SS TAMAYLS 1§ NS LKLAY GBINOYAALNDNNINHMOWM A" S HD LYOIAMNT GRS LA ADS YHOSANAS ¥OAMAALYOSOATOAY €4 ¢
SSALATIOODMANNIMAEDN VO ARAY LAHS YIS S THHA VLS 1 S TN LI AN ADINOVAALAD ST ANWMOVME T SO LY OHAMNI GAI|LAd ADSWHDSANASVONMIATYOSONTOAD 2677
§SALATLODOMANNIMAMIEOK YO IAAY LAES Y ISS TAHAYLS IS LN LW LAY D IIOYAALNONAANHMOVWME T SODLYOUAMNI GAS|LIIKDE IO SAYASYOMARYOSDATOAT 1672
SSALATIODOMANIMA@IION VO IRAYIAESH TS S TEHAYLS I S INS LI ADIMOVAALND ST ANHMOWMETSTO LYOUAMNI GAS|LAdADS VA SANASYDIDAATYOSOATOAD 0677
S SALATLOOONZANNMIMATNEDN VO IAAY LATS YIS S TTWAVLS T § LN LHIAY QD INOVAALNDONLANWMOVME T 500 LYDYAMNI QAS|L I XD S VO SAMASYDANNATYISOATOAT 677 ¢

(penunuod) 7 91nHi4

SUBSTITUTE SHEET (RULE 26)



PCT/GB2016/050067

WO 2016/113555

10/27

SSALATIO0MAEAMDSEMDN VO A XAV LAIYE T SNIHO T AT S SYYNTHS 1 LADIASAARANTSOGONINY AN TEND A70E THEWMALS 44 19SVYO S THISH9d0ATO0DSEATOAT €€
SSALATIOOOMAEAMDS MDY A AAY LAY TENNOT 16 S VNGNS 1 LIdDIASAARANISOAONINYANE TEND V0T 1M IS I I9SYYOS TS 90dONTONOSIATOAT €
55 ALATLO0)MATAMDSIMON YD KAAY LAAYHT S NWOTE TS SHYNGAES T LASIASAAX ANESDAONINY AN TSN AVOT TMEHMALS Id 195 TYO S THIS 90d0ATHOOSEATONE  T'E
v £49a0 € Z3ao) 744 1aad) T Puo)|
¢ ainbi4

oa>H>JHw@wz»zzxzmamemmuww>mHmmmMQqumzwmwmqmHzmHz<>mm@hmamw>a»wmmmzziwzg11m@mamom>ﬁzHo»amnmw@omxou>v>mm9m4m>umwou>g@>ommﬂ.N
SSALATIODOMANNIMAQE IO VO A AAY LAES T TNS TaHAYLL 1S LN LHVAYD0 ANOVAALADS EANRMOIN E TS 00 L Y0 U ANNI GRS L2440 SWIOS AMAS YOI IARTOSOATOANT 21 ¢
SSALATLE0DHANNIMAQE IO Y0 AAAY LOAS T INE 12/LY15 15 L L1/ 10OV AAT ADSNANMO T 21500 LD/ lNT GRS LALAD S U0 ANASUE LI ARTOSOATOA0E 21 2
S SALATLOOOMANNIMAE TN YO AAAY LARS 415 ST HNAYLS 15 LN LWL ADOATOVAALADS S ANWMONME 1500 LYOHANNI GAS|LALADS VIS AMAS YO AN IAIV IS OATOAYL 2 1 2
§5ALALLODOMANNMMNQEION YO AAAY LATSU IS S TIHAYLIS TS LN LRLA YO0 ANOVAALND SHANWMONMZ TS 00 IV OUAMNIAAS|L 2 LADSYHOS ANASYEDDIATYOSOATOADTZL " 2
SEATATIOGOMANNIMNGE TN A XAT LARSE 15 ST FNATLS 16 LAY LALATS0 STOVAALNDS M ANKME WM 51 S 05 L 70N ANNI AR S| 141 AO SVIDS AMASYO AN IAATO S BATOAN0Z 1" 2
SSALATLO0OMEANNIMAQETI DN YO AAAYLAASH INS TAWAYL S 15 T NI LALAY|GOINOVAALND SNANRMOWME" S0 TV0 S ANNI GAS|L AL AD STHOSANASYEDIARYOSOATOADG T L 2
SSATATIOCOMANNNMAQE IO VO A AAY LAES Y INS TINAYLS 151N LNL A0 AIOYAALNDS T ANKMOWH E15 00 LY0UANNT GAS| T3 LA SYADS AAASYSDIARYOSOATOATS 1T ¢
SSALATLO0OMEANNAMAQEION VO AAAVLAES U INS TANAY S 181N INIA|GOINOVAALNDSNANRMOWME 7S 00 TV0 U AMNT GAS|L AL A0 SVHOSAMASYEDIATYOSONTOAOL TT " 2
SSALATIOODMANNIMAAEION VO A AAV LGS INS THWNAYLS 15 1d LN A¥|G0 DIOYAAINDSNANKMDWMTE TS 0D LYo AMNT QAS|L AL A9 VIDSAMAS VS DDIATYDSOATOATO T T ¢
SSALATLO0OMANNIMAQEEDR VO AAAY LGS 15 5 TANAYLS 151 NMLALA I DOINOVAALADS NANRMO WM 1 5 15 170U ANNI GAS|LALAD STHOSA L AS YOI IART DS OATOADG L1 2
S SALATLODOMANNMAQEEDN VO JAAY LIS TS STANAVLS I 5 1NY LNLAY|GO.DIOYAATADS QANKMOWME TS D LYOUAMNIGAS|L A LAD SYAOS AUASYSDNATYOSDATOATN 1T " 7
om>H:_Hoowzwzzmzzommwm<oww><HmMmHQmHumzmemHmHzmHzH>mwommom»>azmzzmz25925u_q@meom>z TAAS|LALADSVIOS AYAS VO IATYOSOATOADE LT 2
S SALATIO0OMANNNMAQUEDN YO AAAY LAAS LTSN TANAY.LS I 51N LNLAYD0 DOV AAYNONNANWMOWME T S 00 LY O AMNI GAS|LA LA SYUOS AYASYEIARYOSOATOAO 11" ¢
SSALATIOOOMANNIMAQEEDN VO X XA LAES TS STANAYLS 15 1N IHLAYD0 A00VAALNDNNANKMOINE TS 00 LYY ANNI AAS|T A5 A0 STIDS AMAS YOI IATVISOATOANT TT " ¢
SSALATIDODMXNNMADMNDI YO A [V LAHG S 155 TARATLS 16 1 NI LALAY|ODIOVAALXDS S ANWMOWME 500 LY CuAMNI QAS|L A1 A0 SVH0S AT ASVEGIARYOSOATOADD T L 2
SSALATLOCONANNIMAQEEDN V) AAAY LAWSH 1SS THNATLS LS LN LALAYGOAIOVAALADSNANRMOWHE (500 LYOUANNT QAS|LALADSYADS ANAS YO ARV SOATOADG0 L ¢
SSALATLOOOMANNIMAEEDIY D AAAYLARS 415 5 TANAYLS 16 1N LALAY|OIIOVAAL KD ST ANHMOWME 1500 1V OUAMNT AAS|LA L ADS TH0 S AMAS YD LMARYOS0NTOADR0 L ¢
SSALATLOOOMANNIMOCIION VO IAAVICESY IS STINAYIS IS INYINIAY D@hMO@gBNUWZ&E@ZEMJ WQUHA&OMN/E_ZHDNM LIVADSYMDSAMASYSIMMATIVDSOATOADILOT * 2
SSALATLOOO MANNIMAQHEDIE ¥ D AANY LAAS A 15 L TANAYLS 16 LN LRLAUDOINOVAAL ADSNANWMORMA L5 05 1Y AMNT QS| LALAD S 7508 ANAS TEDMARYD SOATOANR0 L " ¢
SSATATIOCOMANNNMAQEEON V0 A AAY LAASH TS STANAYLS 151N LN7AYD0 AMOYAALIDS HANKMOWH 515 00 LYOUANNT GAS| T3 LA SYADS ATASYSDIIATYOSOATOACIG 0T " ¢
SSALATLO0OMENNAMAQEON VO AAAVLAHS LTS S TANAYI S T8 1M INIAYDOINOVAALADSNANRMOWM &7 S 00 TVOUAMNT GAS|LA L XD SVHOSANASYEDIATYOSONTOAOR 0T " 2
SSALATIO0OMANNNMAQEEON YO AAAY LGS 1TSS TAWAYLS 15 LN INLAYD0SMOYAALIDS Y ANKMD wmnmowwmow>ﬁzHawmHukwuq<wor>x>n<9m4m>u<wqusqo>cwoﬁ.N
SSALATLODOMANNIMAQIIONVIAAAYLCESHYINS TAWAVIS IS HZMHEH\/MU@.WMOAN;EQUWNQZ@QE@@@»HM SODIVOIAMNIQAS|IALADSTADSANMASYSINIATAYISOATCOADIZOT "2
CEALATLOODMANNNMACEIDN VO dAAY LGRS H 155 TANAYLS 16 LN LALAYDOIIOVAALADS N ANKMOWHE 500 L V0N AMNI AAS|LE LAD S VA0S AMAS YO DIARYOSOATOANI0L " 2
SSALATIODOMANNIMAQIIOMNVOAXAVICES LIS STAWAYICSIS HZMHZH>M@@&M@4;.HZGZZ&§EUS? ATCODIVINIAMNIQAS|LAIADSYEDSANMASYSIMTATYIASOATOADI0OT " 27
SSALATIOODMANNNMAQUEDN VO AAAY TAHSH 1SS TANAY.LS 15 INI LRI A0 IIOVAALADS S ANKMOWME 500 LVOUAMNIAAS| T LA SWHOS AMAS YEIARYOSOATOAT| 66 ¢
S SALATLOOOMANNIMAQEEON VDA AAYIAES YIS STINAYLS 15 TN NI AN ANOVAALADS AANWMONME TS 05 LYOUANNT GAS|LILADS VDS AMASYSDMIATVISOATOND, 867
SSALATID0ODMANNIMAQUID VO AAAY LRSS 155 TARATLS 151N LRLAY|AODIOVAALXDS QANKMOWME 5 00 LY G AMNI GAS|L AL A0 SVIHOSATASYEIARYOSOATOAD L6 2
SSALATLODOMANNIMAOIIORE VI AAAVICGESYTISSTINAVLISIS _._1.,ZmHFH>M8.NMO¢;BZUWMN§3_UZEMA mOUH@Oam\/Z_ZHQNm LALADSUNDSANASYSAMIAIVISOATOAD 96°C
SSALATLOOOMANNIMAQEEDI DA ANV LAAS 419 5 TAWNAVL S 16100 LNLAGDOIIOVAALAD SNANWMOWME 1500 1V OUAMNT AAS|LA L AOS U0 S ANAS T5 IIARTOSONTOAD] S6 ¢
SSALATLOOOMANNIMAMEEON Y0 A LAY LAAS TS S TAWAYLS 16 LN LALAD0 ITOVAALND S NANHMONME 1S 0D W O AMNI GAS|LAdADS Y05 AIAS YO AN IATYOS OATOAD, 76 ¢
SSALATIO0OMANNIMAQEEDI Y DA AAY LAASH 155 TANAYLS 15 INI LRI AUDODIOVAALNDSNANRMORME 1500 1V 0 HAMNT GAS|LAAAD SYHOS AMASHEAUIARYOSOATOAD €62
S5 ALATLOGOMANNIMACEEDN Y0 A AAT LAASH 15 ST ANAYLS 16 LAY LALAYD0 ITOVAALIDS NANKMOWM 571 5 05 L 10N ANNT AL 4 dAD SV A0S AMAS YOI IAATD S OATOAY 26 ¢

(panu

juod)z ainbi4

SUBSTITUTE SHEET (RULE 26)



PCT/GB2016/050067

WO 2016/113555

11/27

SSALAELODOMAGAMDS SADHYOAAAY LATVITS O TATSNNYNTE S T LIDEASAAXRO I ASOAENINVANT IO V0 IMTHMATS 4 LADSVYOS TE IS D030ATO0DS BATOAT| Cr'g
SSAIATIODOMARAMOSSADE YDA ANV LCAVITS THOTITSNMYNMIS T 1 IIOMASAAXONASHAONINYAMT TOND AVOIAMINMALS AL IDSTYDS T ISDOAEATONOSHATOAH Tr'g
SSALATLOODMARAMDSSADEVOAANY LAEVH IS IO TATSNNYNDES I L IUDYASAAXDOHASOAONINYAMI TONDIVOAMIAMALE AL 4D 5 VVYIS T IS DOSHATDDOS EATOAD OF'E
mm>H>qHw@mBthswmmzwmmuww>mHmmmmqmzzoqwmmaxmzammHHmmwxbma>wwxmmwoaxH1432mqumwm40m>zmsswammmmommmuwnMgww@m@>qowwmm>q@>@ 6t
mw>ﬁ>qH@@ogmmhswwmswmmuww>mHammmqmZSOAMAmmM<ZQMwHHmmwm>mQ>wamwQQOZH14>ZmqwmwudoqumzzwammmmomﬂmuwJMgw@Gm@>qowwmm>q®>m 8¢
mm>H>qHmawzthmemzwmmoww><HomdquzzommamzsmzmmmHHmmwm>ma>wwxmmwadzHL<>zmqwmwm@o&ggmzswammmmwmmmomnmqmwmmo>4@wwmm>qa>m L€°¢
SSAIATILOOOMATAMDSSADVOAAWNY LAAVITIS Hzow14max<zmmvHHmmwm>ma>wammmwnoszm>zmqwmwm<@m>sazzwammwmwmmmgw1quooqw» IDDDSTIATOAD| 9€°
mm>a>gaoamzmahswmmwwmquw»>4wmamx4mzE@qw@maz<zammaHmmwm>ma>wwmmmwQuMHA<>zm4wmmm<am> TAMALS AGADSVYISTHTSOOS0ATONOSEATOAT SE'E
mm>H>meomgmahswmwwwmmoww><wmm<mqmZZOm%@mgS«ZQMmHHmmmm>mn>hwmmmwomzHA<>zmqwmwm<0m>zasswawmwmom<<omnmgmwwmc>wawoﬂ>qo>@ ve'g]
mw>H>gHD@wsmahswwmwwmmu%w>mHommMAmZSOqN>mZM¢ZQMwHHmmwm>mQ>MNmeGQHZHA@>quwmw&<om>3mEBHmmmﬁmommmuwanw@Umds1Jooﬁm>qﬁ>O €'
SSAIATIDOOMATAMDDSADNE YD IAAVICHTITINHOTATSNUVYNTIS T LIYOMAS AR XMASOARNI NV AMTTOND IVOIAMSNMAS|S A1 ADSVYYIS T ISODA0ATOODSEATOAD| CE'E
SSALATLY @@E&Mhswwmwwmmomw>4hmmmmqwzz@qumzmmzammHHmmom>ma>»mxmmwamzﬁzm>3mqwmomdom>sazzwawahm@wmmumwmgmowm@>mwoau(>qoy@ 1g'g
SSA >qu09?mmhswwmwwmmumw>4wmm<MQmZEOm%@mZ&@Z@MuHHmmwm>ma>wwmmwwamzH&<>zmgwmw&mom>zazzwaHmwmwa@@u)wmgmwwm@>mwowmm>qo>m 0g’e
mn>H>quomsmahswmmwﬁmmoww><HmmmmqmZEOmM>mZ&<ZngHHmmwm>mn>hd&mmwomxHA<>zm>wmwmmam>zﬁzzwamuwmwmmmomnmam@wma>mww@mm>qo>m 62°¢
SSAIATID0OOM mmhswmmwwmmoww><Hmm<MAmzzaqwzmzx>zammHHmmwx>ma>ww&mmwamsz?>zmqomwmmom>zazswaH@Hm@a<<oa, TSOHACATODDSEATOAT| 8T'E
mm>H>qHmawzmohswmmwwmmoww>mHom<mqmzzoqwqmzxmzammHHmxwm>mn>wwmwmmauzzim>zmawmwm<UMA3msswammamommmomqumwwma>quwmm>qa>a LT°g
SSALATLOUOMATAMDS SADS YDA AAY LATVETS NHOTATSIMYNAES T LIYDNASAARDNISDAGHINTAME TN IYOIAMIHMARS 4 LIS VYOS T IS EOA0ATEN0S3ATOAT 9T'E
SSALAYIOOOMAAMOSSADEYOAIAVICAVITSNHOTATSNNYNDIS T I IIOMASAAXDI ASHAONINYAMT TOND AVOIAMINMALS AL IDSTYDS T TSDO4CATHNOSHATOAH| SC'E
SSALAMIOODMAQIMDSSADEVOAIAVY LIV TENKOTAISNNYNGES I L IUDYASAAXDIISOAHUNINYAMITONDIVON IMIRMALS AL 4D YVIS TH IS DO40ATDDDS BATOAD| VT'E
mm>H>me0@3mah3wmmwwmmoww><wmm@mqmzzaqumzzszmmHHmmmm>ma>»OHmmwamzH14>zmqomwm<@mHzazswmUmHmwnmdoa, TSO9A0ATODDSEATOAT| ET'E
wm>w>gHwowzmnhzwmmwwmmoww>4Hmm<mAmzzoqmmmzxmzammHHmmwm>mp>wzmmmunamH&<>zmqwmwm<@m>zwzswammHmwmmmommMgmwwmo>quwmm>qo>m (44
mm>H>qHm@wzthswmmzwmmoww><HoummqazzommamzxmzmmsHHmuwm>ma>wwxmmwadMHL<>zmqwmwgmomqgmzzwaabmmwomcoa1&qaw@mo>J@wwaa>qa>o 1€
SSAIATILOOOMATAMDSAMDIVOAAAYLGAVITIS zzowlqmaxmzmmvHHmmwm>mn>»mmmmwQOMH&<>zmqwmw&mngsmzzwammomwmmmgmwMumooqo» IDDHDSTIATOAD| 0T
mm>H>qHw@mgmahswmmwwmmo»wzmwmmmmqmZE@;%AmZM@ZQMUHHmmwx>ma>h»&mmwamzHAm>zmgwmom4@MAzmzzHBHmHmwmmmomnmAmwwaobmwowwm>qw>m S}
mm>H>qHo@mgmahzwmmmommowwEAHmmmmqmzzoumezxmzammHHmmwm>mn>ww&mmmnmzH14>2mqumwmmamAzmsswaH@HmommmownMgmwom@>qoooﬁm>qo>m 81°¢
mw>ﬁ>0h@@ogmmhswwmwwmmuww>mHammmqmZSOAZAmZm<ZQMwHHmmwm>ma>hwxmBQQOZHim>2mqqxa&«om>zazzwammHmOmﬂmuwanw@Gmds1Jooﬁm>qﬁ>m L1
mm>H>qHm@wzmohzwmmwwmmowwzmeommmqmzzomwamzxmzmmmHHmmwx>ma>w@xmmwodzHA<>zoquvwmmomkﬁazswammwmwmmmomnmqow@mo>4@wwmm>qa>m 91°¢
mm>w>qH@@@Emahswmmmwmmowy24wommmqmzzomwAmzxqzammHHmmwx>mo>w0&mmwcozHgm>zaquxgmm@m>sazswammwmuUmmgvquv Da0N SEATOAH| ST'E
mw>H>dH@09?mm&&Ummemmuww24wmm<MQmHzammAmzx<ZQMmHHmmw&>ma>aommwwaquA<>zmgwmw@mom>zaszwammwmw3@40)1mqmwwmm>mwwwmm>qo>m 1451
oo>H>qHwomgmmhzwmmwwmmowwzmHmmmmqmHEOAMMmZM<ZQMwHHmmmm>mn>hdmmmwodzHA<>zmqwmwamam>zazzwacmwmwmmHomnmamwomm>wawaﬂ>qo>m €1°¢
mwkﬁ>gH@Owgmmhswwmwwmmu%wzmHommMAmHSOAMAmZM<ZQMwHHmmwm>mQ>M0meGQOZHA@>quwmw&40m>zazzwammﬁmommmuwanw@Umvs1Jooﬁm>qo>o [4%°
mm>H>QngogmwhsummwwxcuwwzmHammmAazzaummmzmmzammHHmmwm>wa>»wxmmonuzzgngmgwmwmmomHEBEShammwm@mmuumngm@wmo>uww@ag>qo>0 It'g
mm>H>qHm@@EthswmmwwvmqmwzawnmamqLzza1nwmAmmzamﬁHHmmwm>ma>wwmmmwaozzlm>zmqwmommomHsazzwaoahm@wquawmgaaomm>nooau(>q@wm ot'g
mm>H>qHoO@Emm&swmmswmmuww>dwmmmmgmzzoqumZMdZQ&%HHmm@M>wo>MN&HwGQGMHAm>Bmgumwm<@m>§WZBHBQmrmunmmunwmanaboo>r,Jaw SATOAD| 6'¢
ao>H>gwwon3mmhswmmzwmmoww><wmm<mqmZEOAmmmZMQZQMmHHmmmm>mn>hw&mmwamzzgm>zmqwmwmmamqsmzzwamummwmmmomnmam@wma>mww@cm>qo>a 8'¢
SALATLED csmmhswmmzwm<oww><ﬁom<mqmZZO@mmmzxmzommHFmaOx>mQ>wammwomzzla>zmqoxwa<oqumsswamu&mu YIS TIHIISODA0ATDODS BATDAD L7
wm>w>gchwzmmhswmwswmmoww>4Hmm<mgnzzoqmmmzxmzammHHmm@&>mm>»»&mmun@MH&<>zmqwmwm@amAzmszwamummwmmmomJMQmwwma>quwmﬂ>4J>m 9't
SSALATLOOOMATAMOSAMOIT YDA AAY LATVETS NHO LT SAMYNAES T LIDNASAAR XM ISDAONINYANTTOED IYO U TMERMAS 15 495 YOS TISHOA0ATONOS3ATOAT  §'f
SSAINTILOODMATAMDSAMON VO AIAYILCAVITENHOTITSSUYNOE ST L IUDMASAARANASOAONINVAMI TONDIVOL TMMHAMALS IdADSYYDS TAISDOACATDDOSEATOAY 7'
A a0, FRa Rt [4:iete 234 TEad TY.APUOID

(penuyuod) e aInbi4

SUBSTITUTE SHEET (RULE 26)



PCT/GB2016/050067

WO 2016/113555

12/27

SSALATIOOOMAAIMDSSADN YDA AN LA TTE TS NHOTATS NI YNAES T LIYDAASAAAOHALOGONINVANGTONO IVOUAMINMALS AdIDS VYOS THTSDDA0ATODISIATOAE 18'€
SSALATIOOOMANAMDSS KON YO XANY L CHVETS TNOTATS NMWNGNS T L IDYASAAXONASOAONINY ANE IO AVOUAMINMALS A1 DSV IS THTE9OSHATIODSHATOAH 08'E
SSAIATLOCOMIEAMIS SADTOLANY LAATH TS NHOTAT S NN VNS I L AOHASAAR AN IS DADNANT AME TOUD AV TMIWMAS|S A1 A0S VYD S TIISODATATOODSAATOAT 6L°E
5 SALATLODOHNIEAMOS SADTY DA ANYY AV TS IO TATSIDIVNGYS T L AYDNASGAXDMAS DAON I NV AME TOND IVOUAMIKMALS A1 DSOS TITSEOIHATOODSIATOAH 8L'E
SSALATIOGONEAMOSAMON YD AR AT LAT VTS NKOTATS OAYNGYS I L AMDNASAAR ANESOUOA INY AN TOND VOUAMSHMALS 34495 VYOS THTSD0A0ATODDSAATONH LLE
5SALATIODONIRAMOSEMON VI AAAY LOTVN TS NHOTATSANYNDES T LIGOYASAAX ANASOAON TNV ANE TOMO AV AMSHNMALS 1408 VYOS THTS 900N TOOOSEATOAE 9L'E
5SALATLOOONMIRAMOSEMOM VO A AAVIGEVYTSNHOTA TS AN YNAYS I LIIOMASAARANASOGOMINY ANE TDD AVOUAMSHMALS Ad DS VYOS TUTS DDA0ATODOSIATOAE GL'E
SSAIATLOOOMARAMDSEMON VO AAAYIGIVITSNHOTATS NG S T I IDMASAAXANASDAOMINY ANE IO IVOIAMSHMAL]S Ad DS VYOS TATS 900N TOODSTATOAT bLE
SSALATLODOMIRAMDSAMON YOAAAYLAAVI TS NHOTATS UMYNCIS I LIONASAAXANISDAOR INYAMT TOND IYOUAMSHMALS I I0S VYO STITSODI0ATOODSTATOAT €L'E
SSAIATIOXDMIGAMDS SADIEYOAAAY LAV TS NHOTX TS I ¥NES T L AONASGAX AEASDABNHNY AME TOND IVOU THISKHMALS A1 ADSYYOS TITSEOADATOODEIATOAD| TL'E
SSALATIDOOMAAAMOSSADMVOAANY LATVH TS NKOTATS HAVNGYS T LASDNASAARDNASDAONTINYANITONO dVOTAMIRMALS 31405 VYOS THTSDDA0ATODDSEATOAT TL'E
SSALATLOOOMAAAMDS SRR VOA KT LTV TS NAO TA TS NN YNAES T LISDIASAARONESDAONINY AN TN IYOLAMINMALS ILIDS VYOS TATS0940ATDOOSIATONT OL'E
SSAIATIOOOMAAAMOSSADMYOAARY LA IV TS NHOTATS NMYNAYS T L IIOMASAARANASOGONINY AT TONO dYOUAMINMALS AT ADSWYOS T TS DOA0ATIDOSIATOATE 69'E
SSATAWLOOOMARAMDSS KON YO AN LATVETS THOTATS KMUNAN S T LD DONASAAXONASOAONTINY AME TN AVOUAMINMAIIS ATAD8V IS THTS 9D ADATONDSTATOAT 89'E
SSALATLOGOMITIMDS SADN YO AANYLEEVI TS INOTA TSN YNNG S L LAEONASAAXONISDAONI NV AME TOND IYOUAMIHMALS A1 405V YOS T ISDDI0ATOODSEATOAH L9'E
55ALATLO0DNIEAMIS SADTYOAANY LCAVHTS IO LA TS NAYNCES L LAONASGARDHAS DAONINTAME TOMDIVONAMINMALS 41 A0S VYOS T 1SHDAHATOINEBAT0AE 99°E
SSAIATID0OMEAMOSSADM VYO A ANV IAEVETS INDTITSNAYNGNS I LIYDAASAARONASOAONTNY AKATOND YOI AMIRMALS 31495 Y7DE THTSHOAHATOODSHATOAE SI'E
SSATATIOOOMIRAMDSSRON VOX AWV LAFVNTS THOTATSNY VNG S T LR DIASAAXOHASOADNT NV AME TONO FVONAMIRMALS 1T IDE VYOS THTS 00 HATONNSTATOAT VY€
SSALATLOTOMIRAMOS SADN VOX ARV LGAVITS THOTATS NMYNAS T I A0ASQAXOHESDABNINYAMITOND I¥OH AMBRMALS AL IS VYOS TATS OO IIATODOSHATOAL] €9'E
SSAIATLO0DNIRAMDS SADMYOAANY LATI TS NHOTATS M YNGES I L IEDNASGAX AN IS DOONANY AME THHD I¥0E TMINMALS L IDSVAD S TATSD0A0ATOODSTATOAT| T9°E
SSALATLOOOMATIMOS SADM YD AANY LOIT TS NHOTA TS NI VNG S L LINONASAAX ANISDAONNNTAME TOND IVO T IMINMALS A1 A0S VEDS THISHOA0ATOODSEATOAD| T9°€
SSAIATIONOMITIMOS SO VOAANY LATVI TS NWOTITS I YN S T LIIOYASGAX XY ASDAONWNY AMATONDIVON T MIIAMALS 1 A0S VAD S TATSHOADATSODSAATIAD 09°E
SSTIATIOOOMIRAMDSSADRIVIOAANYLCEVITSNWOTATSNIYNAIS T .Hrmm.n.uv“\wmENVHHWUO@E@NKSMAOKO&QOMHE.HE.Hmth@ma&MOmdmwmmw@m@\/ﬂwwmeNyd@»?m 6G°¢]
SSAIATIOOOMARAMDSS AN VO AXHY LAT VI TS NHOTA TS MU ¥NAN S T 1 1 DNASAAX ANASDAONKNY ANE TOMH I VO IMINMALS AT A0S VEDS T TS 90a0ATODOSIATOAT 85'E
SSALATLODOMIRAMOS SKDNVOXANY LIV TS NWOTATS NHYNDIS T L ATOASAAX XN IS DABNINYAMI TOND IVOH IMIRMALS A1 IDSVID S TATSD0I0ATOOOSEATOAH LG7E
SSAIATLODOMATAMIS SADIY DX ARY LATTI TS NHOTATS NI NG S T LIHOMASAAX AFAS DOONKNT AME TOUD VO IMINMATLS AL I0SVEDS T ISODIDATODOSHATOAT| 95°E
55AIATLOODMATIMOS SADEYOAANY LEIVI TS NHOTITS N YNCIS T LIIONASAAR XM ASDAONWNTYAME TOND I7OU TMIMMALS 1 IDSVED S THISDOIOATOODSTATOAT §5°E
SSALATLOODMITAMDS MDY DA RAYLETVI TS NWOTA TS AN YNTES I LAGONASAAR XM ASDAONINYAMETOND VO AMSHMALS IdIDSYYOS THTSDDa0ATOODSTEATOAY VS'E
SSALATIOOOMARAMOSEMON VIR XAV LAEVE TS NHOTATS NI YNGS T LIYDNAS AR ANASDAOM INVAME TOND VO TMMNMALS TS 2DS YYOS THTS DDd0ATOODSTATONE €5'E
SSAIATLODOMARAMOS AMON YD A AAV LA ET TS NIO TITS NMUNGIS T LIMDIASAAX XNISOAOR TNV AMT TONO VO TMMWMALS A4 DS VYOS THTS DOA0ATODOSTATOAD| T8
SSALATLODONARAMDSAMON VO X IAY LG IV TS NHOTITS NMYNCS T L AMDASQAXANESDABT INVAMT TONO I¥O TMERMALS A IDSYYOSTITSO0I0ATOOOSHATOAD I6°E
SSAIATLOCOMIEIMDSAMIT YDA ANV LAV TS NHOTATS SMYNGS I L AIDHASAAR AN IS DAONI NV AME TOUD AV TMMINMALS 2 A0S VYOS T ISODATATHODSAATOAT 0S°E
§SALATIODONdEAMDSAMON VO AAAYLOEVE TS NHOTATS SUVNGNS I L AMONASAAX ANASDAONT NV AME TN AV TMMIMMA LIS Ad A0S VYOS THISDOA0ATOODSBATOAT 6V'E
SSALATIOOOMITAMOSAMDNYOAXAYLOEVETSNRO T TS SHYNAYES I LIMDMASAAX ANESOAONINT AN IO D VO IMYNMALIS 34195 VYOS THISD0A0ATOODSAATOAH 8Y'E
SSANATIODOMIEAMOSEMON VO AAAY LOTVY TS NHOTATS NN S T LIYOYASAAX ANASOAONINVAME TOMO VO TMMNMALS 14 DS VYOS THTSDDA0ATOOOSEATOAE L€
SSANATLOOOMATAMOSAMOPI VO X AAVICGAVATSNWNOTATSSAVYNAAS TL _m%UM>WQ>HNMHWGDGZHL4>3HJU&wiaﬂgmﬂsgﬁ 5AJANSYYOSTITSODAOATOHDDSTIATOAT V'€
SSAIATLOOOMARAMDSEMON VO AAAYIGIVITSNHOTATS SMYNGHES T I IDMAS AR ANASDAONINY ANE TONO V0T TMMINMALIS A4 DS VYOS THTS 900N TODDSTATOAT SGb'E
SSAIATLOCHMAZAMDSAMIT YO A AAYLAAVHTSNHO TATSIMYNGS I L IOHASAAXRANASDADN INVAMT TOMD IVOU TMMHMALS A IDSVYDS TIISHDI0ATOODSIATOAT YP'E
S SALAMLOCOHMIGAMDS SADIEYOAAAYLAAVH TS NWOTX TS NNY NS T L AIDNASGARD T ASDUHNINY AMETOND IVOU T MIKMALS 41 IOSVYOS TITSEDADATOODSIATOAD| €V'E

pd £3aD) €4 z3ad 744 THaD) TH.IRUOD

(penuyuod) e aInbi4

SUBSTITUTE SHEET (RULE 26)



PCT/GB2016/050067

WO 2016/113555

13/27

A

SSALATID0OM AQHIMSOAAD GYOAZAVIAASITSSTENAVLS IS NI INIAT O0AMOYADILNDOSNANKM OVMATSADINTEAM SIAAN TALROSADSAVASYOANAATYOSOATOAD v

:

SEAVATIODOM AQHTIMSOHSAD HYOAZAYIAES SIS STHNAY LIS T INHIHNIAY O0IAOSADINOSHANKM DHMETSEDLIIIAM SIJAN LALADSYUISANACTDANMATYOSOATOAD 4

ZL

SSALATIOONMN AAMIMSOSAD Y OARAYVIAESSTISSTINAVIS IS INEINIAY 20ATOS ADINDSHANNM ORMATSUDIVEIAM SIJAN LATIXDSYHIDSANASYOAMIATYOSOATOAD v

il

SSALATID0OOM AQTIMSOSAD AYDAAAVILOHASITISSTEHAVIS IS LTI LNIAY D0.DIOVZDIND SN ANNM OWATTSIDIVOIAN STAAN SALEDSTIDSAMASYOINANAVISOATOND v

0t

SSALATIDODM AQTIMSOHSAD MYDAAAYIQESH IS STHNAYIS IS LNE LNIAY OODICEADINOSNANWM OWATTSIDIVOIAM SIAAS LALADSIDSANASYDANMATYDSOATOAD 'y

é

SHALATLDC AATIMSOSAD GYDAANTLUARSA TS S THNAYLS L S LNLIWL A D0MOVADINDSNANWM DWAHTSUDL0UAM SIAAS LALADSYROSANAS D AMAAYDSOATOND b

8

SEALATIODOM ATTIMSODSAOD HYDAAAVIAESY IS STHWAVIS ISINYINIAY SOIIOVADIND SNANHM ORAHTSEDLYTEAM SIJAS LALRDSVHDSANASVOANNIATVOSOATOAD v

L

SSALATIDOOM AATIMSOSAD AYDAAAYIQHESITISSTEAAVIS IS LN INIAY S0 IIOVEDILNDS N ANIAM ORMATSYDIVOAN STIAIN LALEDSYNDSAMASYOINIATYISOATOAD ¥

S

SSALATIO0OM AQHIMSOSAD HYOALAVIAAS LIS S TENAYLS IS INGINIAT 200V ADINDSNANKM OVMATSEDIVTEAM SIJAN TALRDSYAISAAASYDANAATYDSODTOND v

SEALATIONOM AQHTIMSOSAD HYOARAYIAES LIS STHNAYLS TS INTIHNIAY DOIAOVADIND SNANKM DHMETSUDLENIAM SIJAN LALADSYUISANASYDANMATYOSOATOAD “y

¥

SEALATIODOM AQTIMSDSAdD Y DOAIAYIAESITISSTINAVIS I SINGINIAY 50.DIOVAALNDSNANNM ORAHTSUDIYTEAM SIJAN LAIRDSYMISAMASYDANIADVOSOATOAD v

S

SSALATID0DM ATHIMSOSAD AYOAAIVLGES IS STHNAVIS LS LN LNIAY SOIIOVAOLNDSNANAM SOWATTS IO LVOIAN SIJAN LALADSTIDSAMASYOINAATYOSOATOND ‘v

[

SSALATIDODM AQTIMSOHSAD MYDAAIVIQESIISSTHNAYIS IS LY INIAY OODICYADINOSNANAM OWATTSIDIVOIAM SIUAN LALADSIDSANASYDANMATYODSOATOAD ‘¥

:

SSALATLOODM AALYMYNIDD FYDARATIATSATOSTHANATLE TS TNIAIAT D0IMOVIDINDS AANIHM OWRMATSCOLTOAIM SIAAN LAJADSVAISAMASTODINATAYDSOATOND %

<

uo

2= €£do [ 2aan Zdd J8:(cto] T4 10
 a.nbi4

SSAIATLOGOMARAMDS SADI¢DAANYLATVY TSHING TA TSI NS S I LIdDNASAARANASOAEI INVAN T TO%OIVOUAMSHMAS]S A1 DS VDS TIISDOEOATONDSEATOAT T6'€

mm>H>AHUO@E&Mhswmmhwmauww>@HQm4MAZZZGAMAmZM@ZQMMHHmmwM>wQ>HdmmmwQOZHA@>quwmw@40m>gBEBMEmm&@@w&ﬁomdmdmwwm0>dmwwmm>d0>m 06°¢]

wm>H>QHDO@Emﬁhswmmwwmmuww>@HDm4MQWZZOAWszxmzamwHHmmwm>mn>wommw0QOZHA@>§mgwxwm40m>ﬁazxwhmmwmwwmmumdmdm@@&0>ﬂwwwmm>do>0 68t

mm>H>dHwOwEmmmswmmwwmmowwzmhmmmmqmZZOAMQmZMMZQMmHmmmw¥>w0>HNMmmwQOZEL<>Smawmmmmom>?523%&mmwhwmmmumqmgmwwm0>dw©@mm>ga>m 88'¢

mm>H>qHUOogmwhswmeUMQowMZGHDm<mdmZZ@@@&mZMdZQMMHHmmUM>mQ>HN&HmUQOZE&<>BuAOMUm<Om>EwzzwwmmHmowdéomAmAmoomO>AUUUmm>A0>m LB'E

SSALATLOOOMARAMDSS ARV IAANYLOTVHTSNWO TITSNIVNTES I LIIOMASAAXHNASHAONANTAME TN DIVOE IMINMALIS AL ADSTYOE THTSE9I0ATOODSEATOAT] 98°Y

wm>H>qHUO@EmQhBOZmNUm@om%deDmmmqwZZOA%dczmmzammHHmmwmbmD>HMUHMUQOZH24>EMAUM@&%OM>RHSSNHthb@@@iUmAMdw@@&@>dwwwmm>QO>m Q8¢

mm>H>QHwOwEmthwmmNUmeEM><HQm<mamZZO@NdmmezammHHmm@&>mQ>MNmeUDOZH&<>BMQUM@m<Om>EB23HBmMHmwm<<omﬂMdmmme>dwwwmm>qo>m 8¢

SSAIATLOOOMIGAMDONS ADM Y OHAAY LATVH IS NHOTA TS NIYNCES T L IIDMASAARXADISDAONINTAMA TN DIVOLAMINMALIS 11 IDSTYOSTAISOOIOANTODDSIATOATE] €8°Y

wm>H>AH@OQEmﬂhBOmmMU%domw>ﬂHQm4mdmZZOAwAmzmmZQmwHHmmwM>mQ>%N0mmUQmZHZQ>SMAUMQmﬂ0m>EBESNBmwwbwmﬂmumAMQmUU@O>Abwwmm>AO>M [4 83

T £4ad, 24 NMDL YA-KEI N 4= {ute] TH.APUOD)

(penunuod) ¢ aInHi4

SUBSTITUTE SHEET (RULE 26)



PCT/GB2016/050067

WO 2016/113555

14/27

SSALATIOOOM | AQLMMYSIDD | GVOIAAVIQEASTIONTIWAVISISINAINIAY | DOIMOVADVNDSNINKM SHMTTSODLIVOUAM | $IAXS | LISIODSVMISAMASYODNMATYSSOATCAD | %
—

SSALATIOUOM | A@DIMEMEDD | FVOAAAVSUASYTISNTIHMIYISTSINNINIAY | DHOIMOSXDINDSNINKM DUMATSOOINOMAM | STAXS | IJLADSYMOSANASYEANIAEYOSOATOAD »m
SSALATIONOM | ACHNMMSOSAD | dVDARAVIGESWISSTAMAVINISINUINIAY | OHIMOVAALNISNANKM SHAIISYOLTOEAM | SIMAS | I4IXOSVMDSAMASYOAMMAEYDSOATOAD ww
SSAINTIOODN | RQEEMIDSAD | WYDAAAVIAESUTSSTAWAVILISINMINIAY |  HOJIMOVAAINOSNINIM SWATTSYDIVOIAM | SIAAS | LATADSVUDSAMASYOIANIATVLEDATOAD ww
SSALATIOUNM | ACEIMMLOSAD | MYDRAAVIAISUISSTHWNAYVISISINYINIAY OO INOYAAINOSNANIM SWAZTSODIVOIAM | §IAAS LALADSTADSANASYODNIAZYDSDATOAD wm
c

SSALATIOUOM | XAIMMASADD | YVOAAAVIQASYTSSIEMAVISISIIINIAY |  aOIMOVADINOSNANKM SHMATSOOINOUAM | STAXS | LJILADSWIDSAYASYDDNIATYSSOATOND Hm
€

SSALIATIOOOM | AMINMIALIOD | JYVOAAAVIQESYTSSTIWAYISISINIIAIAY | HOINOVAOINDSNINKM SHATTISODIYOUAM | SIQAS | IJLAOSYIDSAMASYOLDIATYOSEATLIIC wq
SSAIATIOODN | AQEEMILIODD | MYDARAVIQESUTSSIVAAVISISINYINIAY | 50JIMOVADINOSNINKM OHATTISODIVOIAM | SIQAS | IJATADSVUDSAMASYODMAEYSEUATOAD ww
SSATATIONDM | AMMMMALIOD | MYDAZAVIAISATSSTIWAVISISINMINLIAY | HOIMOVIDINDSNINKM SWEITTSODIVOIAM | $TAXS | LILAOSYUDSAMASYOINMIATYISOGTIOAD @w
SSAIATIOUOM | XOMEMALIOND | HMYDAAAVIAASHISSTAWAVISISINIIWIAY | HODIOVADINDSNINKM SHATTSOSIVOUAM | SIAXS | LALADSVMISAMASYODMMATYSSOATOAD mm
2

SSALATIONOM | AMDIMELIODY | FVOAAAVIQASYISSTIAWMAYISTSINAIRIAY | HOIMOVADINDSNANKM DUATTSODINONAM | SIQAS | IJIADSYMOSAMUASYOINNAEYOSOOTOAD um
SSAIATIOOON | AQIEMELIOD | YVOARAVICESHTSSTIWAVICISINGINLAY | HOIMOVADINDSNINWM DHAFTISODIVOEAM | SIQAS | IJALXDSVUDSAMASYOIMIARYDEDATOAD »W
agis

SSALATIODDM AQTIMSDSAD | MYDAIAVIAESAING THNAVISISINMINIAY | 50IMOVADINDSNINKM SWATISOOLVONAM | SIAAS | IJIADSVADSAMASYOIDIAEVOSOATOAD «w

SCALATIOOOM | XQIMMASSDD | MYORAAVIAASSTSSTIWAVISTSINAIHIAY | 9OIMOVADINDSNINKM SHWMATSOAIVOUTM | STIAHS | IJIAOSVIDSAMASYODMMATYSSOATOAD .M

SSALATIOUOM | AQLYMASSDO | ¥YOAAAVIQESIISSTENAVLSISINGIWLAY | DOLIOVADINDSNANKM SHMATSODINOMIMN | SIAAS | IJIADSTAISANASYOIDATYHS0ATOAD wm

SSALIATIOOOM | AAQIEMYSSOD | UVOJAAVIAESYTSSTIWAVISISINVIWIAY | HOINOVAOINISNINKM DHATTSOOIVOUAM | SIQAS | IJLADSVMOSAMASYDIMNAEVOS0OATOAD mw
SEAINTIOODM | KALMMYSSDD | MUDIIAVIAESMTSSTAWAVISISINYIINIAY | HOINOVADINDSNINKM SWAFTISODIVOEAM | SIAAS | LALADSVUDSAMASYOIMIATVHSDOATOAD ww

s

SEALATIOONNM | KALMMYSSDD | MYDXAAVIAASMTSSTARAVISTISINYIRIAY | HDINOVADINDSNINNM SWAATSOOIVOMAM | SIAAS | IJIA9SVADSANMASYODMATYASOATOAD ww

SSALATLOUOM | AQIMMYSSDD | ¥VIJAAVIQASYISSTENAVISISURIINIAY | DOIIOVADINDSNANAM SHAATSOOINOEAM | SIQAS | LJILADSWIDSANASTLANIAEYSSOATOAD om
[y

SSALATIONOM | AALUMYSSDD | UVOJIAAVIQASWISSTIMAVISISINMIWNIAY | 9OIMOYADINDSNANKM OHAFTSOOIUGEAM | SIAXS | IALXDSVAOSAUASVOAMAAEYDSOATOAT HW
SCAIANTIOODN | KQIEMYSSOD | MYDIZAVIESHTSSTHHAVICISINGINIAY | HOINOVIDINDSNINWM SHATTISODIVOEAM | SIQAS | IJALADSYVUDSAMASVOIMAEVDEDATOAD mm
SSATATIOODM | AATUMSOSAD | MYDAZIAVIAFSITSSTIWAVISISINMINLIAY | HOIMOVADINDSNINKM SWATTSHOIVOUIAM | SIDAN | SATAOSYIISAMASVOINIATYICOGTOAD ww

SSALATLDUOM | ZADUMNOMAD | dYDAAAVLIUASWISSTHNAYLS ISINALWLAY | DODIOVADINDSNINWM SWALISEDLYOMAM | SIAAS | L4LADSYAISAYASYDLNUAEBYESTAIDAD ww
G

SSALATIONOM | AAMUMSOSND | dVOAAAVIQASYISSTIAMAVISTISININIAY | HOIMOVADINDSNANKM DWARTSUIOIVOAMAM | $IQAS | IJILADSVAOSAUASVOANMNAEVOSOATOAD w%

L M

F4. £ao £NE 2¥an 4 1¥dD T84 | 10

(ponunuod) 4, a4nbI4

SUBSTITUTE SHEET (RULE 26)



PCT/GB2016/050067

WO 2016/113555

15/27

SSALATLODDN AQIMASSOD AVIAIAYILCESHTESSTHINAYLS IS I IWIAY 00.DIOYXDINDSNINNM DHAETD0DIYOUAM | SIQXS IALEDSTIDSAIASYRAMIATYDSOATOAD v
SSALATLODOM ZAraMassonsd BYOAZAVICESHTISS TANAVIS LS LN LIALAY A0 IMOYADINDSNINKM A TH0SIVOIAM | SIAAS LALADSTUISATASYDDAEYOS0ATOAD @W
G
SSAIATIO0OM XAIAMUSSDD AYDAIAVICESHTSSTHNAVICS IS INYINIAY 20.MOYADINDSNINWM OWAITSODIVOIAN SIAXS LAIXDSWHDSAMASYDDNAZVOSOATOAD @m
SSALATLODOMN AQLEMYSSDD AYOAAAVICESY TS STHNAVLE TS LN LIWNLAY 50.M0YXDINDSNANNM SHAETSODIVOMAM | SIAXS LALEDSTHOSAUASVOIMNATYDSDATOAD mw
SSALATIOOOM AALIMYSSOD VYDIAAYICESYTSSTAWAYL S I3 INYIHIAY 90IM0YADINOSNINWNM OWAITS0DIVOIAM | SIAAS LALADSYHDSAMASYOAMIAEYOSOATOAD WW
RY:
SSALATIOUDM AQLIAMYSSOD ACDIAAYICESHISSTANAYISISINGLWNIAY D0 DIOVADLNDSNINKM OWAITSODIVOEIAM SIAAS LALADSVADISAMASYDIAANTVOSTATOND ..\ W
SSALATLODON AQIMELIDD AYOAAANLLRSHICE TUNAVLE LS LNAIWLIAY H0.DI0OVADINDSNINWNM DHALEIS09.090dAM | SIAXS LALADSHAISANAS WS IANAEEDEDDIDAD mw
SSALATIOOOMN XdIAMASADD YYOAZAYICESHTISSTHNAVINIL S NI NI AT 90 IMOYADINDSNANWM OIMITSODSA0EAM | SIQAN IATXOSTIDSANALVOIMIATYDS0OATOAD ww
AAIEMASAOD FYOAAAYLCESHTSSTHHAVIS TS INT IWIAY A0 INOTADINOSNINWM OWMITE FOHAM SIAAS TADSYYISAMASYDIUIAEYESOATOAD mw
SSALATLODOMN AQTIMINEDD AVDALAVICCSHTS STHNAVLE TS LN LWIAY H0.IHOSXDINONI INNM SWMETSUDIADNAM | SINAN ZALIDSTADSAUAS VO AMNARYDSOATOAD WM
e
SEALATLODOM AQIAMUYSSOD UYDAIANICESHTESTINAVINISIAQWINI I 90 AN0IXATLNDSHINHM DWATTSODIVOUAM | SIAXS IALEOSTIDSAUASVOINNATYDS0ATOAD ﬂm
SSALATLO0OOM AAIEMNYSSDD AYDAIAVICESHTSDTINAVINTS IAWNIHWLIE 50 INOLACINONTINKM OWAFTSODIVOIAM | SIIAS LALADSTADSAMASYOINIAEVISOATOAD @M
SSAIATIO0OMN AQNIMIIEDD AVIXAAVLCCSIISSTANAVILS IS INGIWIAY 90.DI0S ADINDNNANKM ONMATS00IVOEAM | STIAAD ZAIZDSVIOSANASYDMNIATYD SOATOND mw
SSALATLODON AQDIMIIIDD AVIIIAYLCESITSSTHNAVLS ISIN LINIAY 90.MOSXDINDSAININM HAMATSODI¥OUAM | SIAXS IALEDSTIDSAUASYRIMIATYDSOATONAD mw
SSALATLIO0OM ZATIMNOSND BYOAIAVICCSHTISSTHNAVIS IS TN IWIAY 90 AMOVANINOSNINKM OWAITSOSIVOIIM | SIAAS LALADSTUDSAMASYOIMIAEVESOATOAD ww
g
SSAIATIONOM ZOTIMNDSND AYDRAAVICCSAHTSSTHNAVIS IS INIINIAY 20.DOYANINDSNINHM OWAETSODIVOIIM | SIAXS LAIXDSWHDSAMASYDLNMAZYOSOATONAD WW
SSALANTLODON AALIMASADD AYOAAAVICESITE STHNAVINI S LN LINLAY 50.MOYADINDSNINWNM SHAETS09Sd0MAM | SIAAN LALEDSTHOSAUALYDAMNATYDSDATOAD mw
SSAIATIDODM 2qTIMSOAAD BYOAIANLCAZACINS THNAVINI S INILHIAY 90 AMOVADIND ST ANHM OIMITIODIVOEIAM | SITAS IALROZTIDSAMASVOIAYATYOS0ATOAD ww
SSAIATLOODM AQEAMSDITD AVOAZAYICEASINNTINAVINI SINIIWNIAY 20 DIOVADLNDSHANKM SWMITH02IV0EAM | SIAAS LAIXOSYADSAMASYDIRIATVISOATOND mw
SSAIATLODON AQHIMSDATD AYOAAINLOEALINS THNAVLE IS INALWIAY 50.M0SXDINDSH ANIWNM OUMETONIVOEAM | SIAXS LALADSTAOSAUAS VS AMNATEDSOATOAD WW
SSALATIO0OOM AqTIMSDHATD YYDAZAVICERLTISSTANAVLS LS LNY LNIAY 90IM0YADINDSHANWM SIRITICDIVOEAM | SIAXS IALADSTADSAMASVOIANATYOSOATOAD HW
SSALATID0OM AAEMIDSTD AYDAIAYICESHTSSTHHAVI S IS INTINIAY 90 INOLAALIOSNINKM SIAXg LALADSTUISAMASYOINMAEVESOATOAL @W
SSALATLODDN AdIIMYSIDD AVDALAVICESH IO THNAVLES IS INEIWIAY D0 DIOVADOVYNDSNINKM DAMATS0OIVOEAM | SIAXS ZASEDSTHOSAUASYDAMMATVO SOATOAD mw
3¢
2
uc
pad €40 £dd [4:1] [ Td8d0 T4 | TD

(ponunuoo) 4, 9INbI4

SUBSTITUTE SHEET (RULE 26)



PCT/GB2016/050067

WO 2016/113555

16/27

SSALATIOOON | ZATHMYNXOD | HVDIAAVICASIIOSTAWIVISISINIIWIAY | 9O0IIOVADINOSAINKM OWMATISOOIVOEIM | STIQAN | IJALADSVMDSANASYODDIATVOSOATOND | * %
Q

SSALATIOODM | AQIEMASSDO | UYDAXAVICASTISSTINAVISISINAINIAY |  aOJAOVADINDSNANWM OWATTOCOLYONAM | STAXS | IJLIOSVADSANASYDAIIVIVOSOATOAD ww
g

SSALATIDOOM AALIMASSDD HYOAAAVLCHSH TS S TARAYIS IS INYLNIAY OOIMOVYXDLNDSNANWM DEMITOODLVOEAM SIAAN TALADSMDSAUASYOINIATYOSOATOAD mw
78

SSALATIOOOM AQIAMTYSSOD HYDARAYILCESHTISSTHNAYISISCONIWNIIA 900 AALNO SHINWM OWATTSTOLIVOEAM SIAXS LALXDSYNDSANASYOIDNIATVOSOATOAD mw
TQ

SSALATID0OM AQLAMYSSDD ATORANTLCHSE TS STHNAVILS IS SUNLINI TS OOMIOVAGLNO SMANKM SHAHTSOOLEOEAM SIAXS TALADSVADS AMASYDAIINIVESTATOAD “m
SSALATIONDOM | XQIMMYSSDSO | NYOXAAVICASYISSTANAVISISIAWIRITY | DOIIDAXGINDSMANKM HHAFTSOOLYONAM | STAXS | IJIAOSWUDISAMASYOIIAATVOSHATOAD @w
SSALATIOOON | AGIHMASADD | SVOARAVICHASMISSTAWAVINISIOMINILAY | SOLIOVADINDSNINIKM ORMITSODSAOUAM | STAAN | ILJILADSYMOSAUALYOIMMATYOSOATOAD ww
Q/

SSALATLD0DM AQLAMASZDD HZOAANT LCHSHA IS S THNAY LN LS ING L LAY OODIOVIDLNOSNINWM DWMATETDSd0HEAM SIAAN LALADEVHDSAUARYDAAAAAYIZ0ADAD mw
SSALATID0OM | ZATEMASSDD | UYDEIAVICISIISSTANAVISISINGLIWNIAY | SOIIOVADINOSNANKM ONMATSCOLYONTIM | STAXS | IALAOSVIIS/MASYDIIMATVOSOATOAD ww
;

SSALATINOOM AQLEMASSDD HVOAANAVLCEHS LTSS TANAYIS IS INGLINIAY DODOVADLND SNANINM OFMATSODIVOETM SIQHS TIIRDSADSANAS VO TIAAVISOATOAD ww
SSALATLOOOM AQIAMASSOD QYDAANAYLCHSLISSTHNAVIS I SINMINIAY D0.DIOYXDINDSNINKM OWMATSODIYOEIM SIAXS TAYRDSIADSAAASTYODDINATTDSDATOAD mw
SOALATIONOM | ZATEMYSSOD | MYDAAAYVICASHTISSTANAVIST SIMNIININ | 9OIIOVADINOSNINKM SWEATSEOITOWAM | SIQAS | ITAIROSYADSANASYDIDIATVOZOATOAD ww
L

SSALATIO0OM ACQLIMASSOD HATIAANTLCHSTISSTANAYIS IS INILRIAYG AODIOVADLND S NANNM SHAHTOUDLTDEAM SIJAS IIALADETADSANIASYDIDIAIYOSOATOND mw
=

SSALATLDODN AQLIMASsSHoD HYOARNAVICHSDTSSTAWAYIS TS LN INIAY AO.IIOY EOINDSNANIM OWATTOODIVONAM SIAZXS LALRDSVADSANASYSDTINTTDSOATOAD ww
SOALATIDDDM AALRAMYSSOHD MY DARAYICHSHISOTHNAYINIS CANIWL T ODINOIXALNONTANKRM OWATTSTLIVOEAM SIIAS TALZOEYHADSAMASYLINIAIVOSOATOAD ww
/

SSALATID0OM | AQIEMASADD | MYIRAAVICISHISSTANAVINISINILUIAT | 9DIMOVADLNOSNINAM OAMATSCOSA0EAM | SIAAN | IALADSYUISAMNALYODIMATYOSDATOAD om
"o

SSALATIOOON | AGIMMASXDSD | SVOAXAVICHSAISSTIANAVINISINGINIAY |  HOIMOVADINDSNINKM ORMATSODSIONAM | STAAN | IJIEIOSWIISAVALYOIDIATVDSOATOAD wm
SYALATIONON | AGIMMASADD | SVOAXAVICHSYISSTAHAVISISINGIWIAY | OBINOVADLNOSNANKM OWMATSODIVOEAM | SIAXS | LALADSYMOSANASYRAMUALTDSOATOAD mw
SSALATID0OM AQLIMASZIOD AYOLANATLCHS TS STANAVLS T SING LWL AY AO0IIOVIDLNOSNANWNM OHMATSTDINOEAM SIAXS TAIRDSVADSAMASYDAMINATVOSDATOND ww
SCALATIOUOM | XAZOMASXDD | MYDIIAVICHSWISSTANAVISISINGINIAY |  aOIMOVADINDSNANKM DHMATSCOLYOEAM | SIAAS | IJLADEVUDISAMASYSIIMATVOSOATOAD wm
SSALATIOODN AGIIMASSOD VOAIAVICAS LIS S TANAVIS IS INIIWNIAYT DODIOYEOILNDSNANNM OHMITSODIVOE IM SIJXS TILRDSUADSANASYOIIAAVISOATOND mw
SSALATIOOONM AQLAMASSHD AYDAANAVLCHSLISSTHNAVIS IS ING IWNIAY SOIIOYADLNOSNINHNM ONMATSODIVOEIM SIAZXS TALRDSADSANASYOAMAATVOSOATOAD ww
SOALATIOD0OM | XAIMMASSDD | MYDIIAAVICEASIISSTANAVISTISINGINIAY | SBINOVADINOSMINKM SMMETSOOITONIM | SIAAS | IAIADSYADSAMASYDIMIATVOSOATOAD mw
SSALATIOOON | AGIEMASSDO | SVIAXAVICESLISSTANAYVISISINGINIAY | DOIMOVADINDSNANWM OFMATSCOIVONIM | SIAAS | IJIADSVADIS/IASYODDINAVOSOATOAD wm

wo

74 £do £ [4-{s79] [t THd0 THd To

(ponunuoo) 4, 9INbI4

SUBSTITUTE SHEET (RULE 26)



PCT/GB2016/050067

WO 2016/113555

17/27

s

0t

SSALATIO0OM AQLEMYNZADD AEDAINAYIATSITASTENAVIS TS INS LWIAYS XOIMOYADINOXX IXNM SWMATSODLTOEAM SIJAN LALADSTAOSANASTOIINATAYOSOATOAD ‘v
i

0%

SSALATIDHOOM AQLIMYHADD AYDAINVIAASHTO S THNAVINI S INYIWIAY DOIOVADINDSTANIM IHMATSODLYOEAN SIJAN LILADSVADSAYASYDIMIAAYISOATOAD v
€

01

SHBALATLD0OM XALIMVHZAOD BYDAANVLOHSHTDS THNAYINT S LNHIWIAY D0IMOVADINDSAANIM OWMAISOOLYOMAN SIJAN LALASSYADSAMASYDAANADYDSOATOAD v
4

[

SSALANTIOODM AALMMYHADD HYOAIAVITASHIOS TINAYINI S LNTIWIAY S0IMOVADINDSAANIM OWRMITSODIVOIAM SIJAN LALADSVADS AUASYDIINATVOSOATOAD 'y
0t

SEALATIOOOM XALAMYHIOD HAZDAXNATITISTTOSTINIVINT SINS I HIAY SOIMOVADINSSAINIM DUMATSODITOIAM STAXN LALKDSDIDSAYASTORDATTOSOATOAD v
o]

0t

SSALATIOOOM ZALIMYNIDD HYDHARAYIOASH IOS THNAVINI S LNHIWIAY 90.IMOVADINDIAANNM SHMHTSODLYOEAM SIJAN LELADSDIDSANASYDIMYARATOSDATOAD 4
66

SSALATIONOM AALIMUYNADD AVDAAAVIAESIID S TENAYINI SINGIHWLIAY HOIMOYADINDLAINNM AMITSODIYOUAM SIJAN LALADSIOSAMASYEDMIATVISOATOAD ‘v
85

SSAIATISNDM XALAMAssod AYORIAVIGASMTISCTAHAAYINT 5 LNMIANLAM DO IMDAZDIND ST ANWM OWAFTOODIYOTAM SIAXS LALZDSVIADSANASYOIIIATYOSOATOAD v
L6

SSAIATIODOM AALEMAsso0D UYDAAAVIAATY TS STHNAYINT S LM IWIAY SOIAVAZDIND S INNM SHXATS0DLYOIAM SIJAS LILADSWUDSAMASYDIMIATYDSOATOAD v
36

SSALATIOOOM AALAMASADD HZDLANTLABSTTESTINIYIN L S ING I WINAY 90 IMOYADINISNININM SWMATSODLTOTAM SIAXS LALADSDADSANALYDIINATYOSOATOAD ‘v
<6

SSAIATIOODM XALEYMASADD HYVIRIAVITASH TS S TINAVINI S LNYIWIAY DOIMOYADINDSNANNM SWNMITIODLTOIAM SIJAS LAZXDSVEDSANAIVDIINATYOSOATOAD 4
Ve

SSALATIS0OM AALIMTSAOD GYDAANVITESE IS S THRNAYINI S LNALWIAY DOIAOYADLNO SNINAM OWMATIOOIEOMAN SIJAS LALADSVADSAMAIYDIANATYDSOATOAD i
€6

SSAIATIOOOM AALIMASAOD HYDIIAVIAISHTS STAENLVINT S LN IWIAY 90 IMOYADINDSNANKM SUMHATIODIVOEAM SIJXS LELZDSMADSANAIVDAMNATYDSOATOAD v
76

SSALATIOOOM AALIMASAOD HYDAANVIAASCT IS S THNAVINI S INS L WIAY OOIMOYADIND SNINWM SAMITIODLYOEAM SIAXS LALXDSIAOSANALYOIMYATTOSDATOAD v
16

SSAIATIO0DM XALIMDSSND HYOXRIAVICHS LIS S TINAVIS TS LN IWIAY 20 IMOYADINDSNINWM SWMITIODTLTOIIMN STIAXS LALXOSVIDSANASYDIIVATYOSOATOAD 'y
9

SSALATIDODM AALEMYNZADD HYDAXAVIISTAS TANAVIS IS LN IHNIAY DOIAOYADIND SAANAM DUMETSTOIYOIAM SIAAN LALXDSWIDSAMASYDIMIATYOSOATOAD v
68

SSALATLIOOOM ZALAMYNIDD HYDAIAVIGEISH IO S THWAVIS T8 LN IWEIAY H0.DIOVADINDSAINNM SHMATSODLE0YAM SIAXN LELADIPAOSANASYOAMNATYDSOATOAD v
g8

SSALATIOOOM XALUMYNZADD MYDJAAAVIAISHTOS TINAVIS IS INGINIAY SOIMOYADINDSY INAM DNMITSODILTOIAM STIJAN LALADEVADSANASYOIMIATYOSOATOAD T ¥
L8

SHAIATLODOM XALIMUYNADD VOAANY LU SHIDE THRAT LY LS INHIWNLAY D0.DIOVADIND SAINNM SWMA'T50DLY0H LM SIJAN LELADSYHOSAMASYDINNARYYSOATOAD v
28

SSALATILODDM XALEMYNIDD HYDAXAVITISNTIOSTHNAYIS IS LN INIAY SOIMOYADINDSAINKM OHMETISOOIYOIIM SIAXN LELZDEWIDISANASYDIMIATVOSOATOAD 4
€8

=]

uo

pdA €ad €44 [4:(ese) a4 Taa0 dd 10

(ponunuoo) 4, 9INbI4

SUBSTITUTE SHEET (RULE 26)



PCT/GB2016/050067

WO 2016/113555

18/27

SSALANLOOOMIAAVISOMAIUSHVIAAAY
P CAAD

LAAVATSSNOTATSNIVNOASLLIAONASAA A ATASOAIAINY AMTTONDAVOIAMSIAM ANSILADS VYIS TITISOOIOATOODSTATOAH
£dd [4: (08 cdd TIaD fod

J @inbi4

ULANOTO

SSALATLOOOMADISOAVINLIAMIVIAAA
vdd £dd)

VSATVITSNINOTA TSN VNAYSLLAIOMASAVAALLSDSSSIASAMATONDIVOL TMSINAAASALADSVVIS T ISOOIIATOODSTATOAT
et [4: {010 a4 I 14

9 ainbi4

S 4
SAIATIONDM EQAADANMMANIYON MY DR IAVIOHTE TSNHWOT LTS NYYNAIS T IO MASTARZXTAQASODHDIX SAMITOMDIYOEIM SWIXQ SAZIDSVYDSTIITISODAMATOODSIATOAD ‘g
CALATIOOON | BEOACDIIMAEYYON MYDARAY LOHDIISNAD T A TS NMYNAY S T 1.2 DUASTALATACASODNIX SAMHTOMDICCEIM SWALT SAYASSVYDSTITISDOIMATONDSIATDAD G

3 4

ALATIDOOM EDJIADINMNATYON ASOARNAYLATVITSNNO T A TS NNYNAYS T LA ONACTIXAILSTASSSIX VAMITOMDIYCHEIM SHa4a SALADSVIDS TITSOOINATOOOSIATOAT g
5 T
SAIATIDODM FOIADANMNEYTON ASDERAVIATVATONWNO T ATSNAVNAIS T LAY DIATAIARTLESAESSIR VAMATONDAVOITIM SHAAQ SIALADSVADS TATSODAIATODISHATOAT )
uo
7dd £3a0 oA Zdaad0 s ¥ TAAD Ta4 ]
G ainbi4
L
0t
SSALAGLIDDDM AQLEMLSSND MEDARIVLAESHISATIHAVIS IS LN LHLIAY OOINAYADINDSNANIM DHMTTSODIYOEAK LIQAN LALADSEMISAYASYDIINATVOSOATOAD 4
9
0%
SSALATIDOOM XALUMYSSOD GVOXAAVILOASTISSTANAVILS ISAGALINLIY DODIOLAALINS T ANHRM SWAETSOOIVOIAM SIAAS TALRDSVACSS AVASYOIMIATTDSDATOND "7
=2
uo
v £d0 £44 29an 244 T¥d0 g |10

(penupuod) 4, a4nbI4

SUBSTITUTE SHEET (RULE 26)



WO 2016/113555 PCT/GB2016/050067

0OD450

0OD450

19/27
Figure 8
IL17RA-Fc,#1
@ J7AY)
3_
2_
1_
g

0_

IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII|
10! 102 103 10% 10° 108 107

reciprocal serum dilution
IL17RA-Fc #2
3_
2_
1- 8
O O

0_

T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII|
109 10 102 10%  10*  10°  10® 107

reciprocal serum dilution

SUBSTITUTE SHEET (RULE 26)



WO 2016/113555

20/27

Figure 9

PCT/GB2016/050067

C

1 3 6 7 8 9
A | 0.041 F0668 0.046 0.043 | 0.042 | 0.045 | 0.056
B| 0.06 0.066 [0,905; 0.057 | 0.057 | 0.06 | 0.057
C | 0.045 0.046 1 004 0.045] 0039 | 0.042
D | 0.049 [:0,1063 0.043 0.04 | 0.041 | 0.045 | 0.049 .
£ | 0.042 0.041 0.039 | 0.039 | 0.039 | 0.048 | O. 3661 0.
F | 0.053 0.044 0.041| 0.04| 0.042 | 0.044 | 0.043 | 0.044 | 0.044
G | 0.031 0.027 0.026 | 0.027 | 0.037 | 0.029 | 0.024 [:0.4875 0.025
H| 005 0.065 0.043 | 0.046 | 0.042 | 0.043| 0.044 | 0.04] 0.038

SUBSTITUTE SHEET (RULE 26)



WO 2016/113555 PCT/GB2016/050067

21/27
A Figure 10
08+ @ 49G11 1C50 (nM) 900
E M VH 2.1 1C50 (M) 4
0.6 -
3
X 044
O
0.2-
n
00 T T I | 1
14 12 10 8 6 4
VH conc (M)
B
0.8-
@ VH 4.55C50 (nM) 6928
06 m VH 3.11C50 (nM) 11
° A VH 3.20 1C50 (nM) 22
o ¥ 49G11 1C50 (nM) 885
<+ 04
(]
O
0.2- A
00 | | | | |
9 8 -7 -6 5 4
M(log)10

SUBSTITUTE SHEET (RULE 26)



WO 2016/113555

PCT/GB2016/050067

2227
Flgure 11 @ VH SEV49G11
A VH 2.1
0.5— A VH62A4
V VH SEV136H4L
© VH846A5
0.4 A @ &
E 0.3
o
0
o
O 0.2
0.1
B
0.6
0.5
0.4
© MAB177
£ 03— VH 2.2
S:f A VH1.1
S 02- ¥ VH1.2
[®) © VH KLH86A5
0.1
0.0 I I I G2 |
-9 -8 7 -6 5
0.1 VH concentration M(log)q

SUBSTITUTE SHEET (RULE 26)



WO 2016/113555 PCT/GB2016/050067
23/27

Figure 12
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BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-8, 45-74(all partially)

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-8, 45-74(all partially)

A binding molecule capable of binding human IL-17RA
comprising a human heavy chain variable immunoglobulin
domain (VH ) comprising a CDR3 sequence comprising SEQ ID
NO. 3 = Seq 11 = Seq 15 excluding any other CDR3 sequence
specifically disclosed in the application (i.e. identified
by SeqID No). The binding molecule further comprising CDR2
acc. to Seq 2 (= 6) and CDR1 acc. to Seq 1 (= Seq 5).

2. claims: 1-8, 45-74(all partially)

A binding molecule capable of binding human IL-17RA
comprising a human heavy chain variable immunoglobulin
domain (VH ) comprising a CDR3 sequence with at Teast 70%,
at least 80%, at Teast 90%, or at least 95% homology to SEQ
ID NO. 3 = 11 = 15 excluding any other CDR3 sequence
specifically disclosed in the application (i.e. identified
by SeqlID No).

The binding molecule further comprising CDR2 acc. to Seq 2
(= 6) and CDR1 acc. to Seq 1 (= Seq 5).

3-6. claims: 1-8, 45-74(all partially)

A binding molecule capable of binding human IL-17RA
comprising a human heavy chain variable immunoglobulin
domain (VH ) comprising a CDR3 sequence with at Teast 70%,
at least 80%, at Teast 90%, at least 95% or 100% homology to
SEQ ID NO. 3 = 11 = 15 excluding any other CDR3 sequence
specifically disclosed in the application (i.e. identified
by SeqID No).

invention 3: The binding molecule further comprising CDR2
acc. to Seq 10 (= Seq 18) and CDR1 acc. to Seq 1 (= Seq 5).
invention 4: The binding molecule further comprising CDRZ2
acc. to Seq 14 (= Seq 22) and CDR1 acc. to Seq 1 (= Seq 5).
invention 5: The binding molecule further comprising CDR2
acc. to Seq 10 (= Seq 18) and CDR1 acc. to Seq 9 (= Seq 13 =
Seq 17 = Seq 21).

invention 6: The binding molecule further comprising CDR2
acc. to Seq 14 (= Seq 22) and CDR1 acc. to Seq 9 (= Seq 13 =
Seq 17 = Seq 21).

7-12. claims: 9-74(partially)

A binding molecule capable of binding human IL-17RA
comprising a human VH domain comprising a CDR3 sequence
comprising SEQ ID NO. 1267 (invention 3), 1767 (invention
4), 2131 (invention 5), 2559 (invention 6), 2575 (invention
7), 2579 (invention 8) or a sequence with at least 70%, at
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

least 80%, at least 90%, or at least 95% homology to one of
the above sequences, the particular invention excluding any
higher invention, excluding any other CDR3 sequence
specifically disclosed in the application (i.e. identified
by SeqlID No).

13. claims: 1-8, 45-74(all partially)

A binding molecule capable of binding human IL-17RA
comprising a human heavy chain variable immunoglobulin
domain (VH ) comprising a CDR3 sequence comprising SEQ ID
NO. 3 or a sequence with at Teast 70% homology to SEQ ID NO.
7 =19 = 23 excluding any other CDR3 sequence specifically
disclosed in the application (i.e. identified by SeqID No).

14. claims: 1-74(partially)

Other inventions in the claims not covered by the above
mentioned ones - to be specified by the applicant on the
basis of the present set of claims.
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