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AGONIST ANTIBODIES AGAINST TSHR

The invention relates to antibodies, particularly human antibodies and fragments thereof that
bind the thyroid stimulating hormone receptor (TSHR), especially in humans, and their uses

in diagnostic and therapeutic roles.

The thyroid gland is, as is well known, one site of metabolic control within the body. Cancer
of the thyroid gland is not particularly common, but the high rate of disease re-occurrence
necessitates long term surveillance. Usually, during treatment for cancer of the thyroid, the
majority of the thyroid tumor is removed, but a small amount often remains that must be
treated by radiotherapy. Following surgery, it is necessary to treat the patient with thyroid
hormone, as the patient will no longer produce this. One role of the thyroid gland is to take
up iodine from the body. Hence, it should be possible to treat any remaining tumor cells with
radioactive iodine. Unfortunately, though, thyroid cancer cells do not take up iodine well.
So, in order for the radioactive iodine to work, the patient has to either be treated with
recombinant TSH or have thyroid hormone treatment withdrawn in order to elevate natural
TSH levels, to stimulate iodine uptake. However, a significant proportion of the treated

patients fail to respond to recombinant TSH after some time. Moreover, recombinant TSH is |
very expensive and not all patients may be offered this treatment. Withdrawal of thyroid
hormone has quite unpleasant side effects for the patient, particularly fatigue, muscle cramps,
puffiness and constipation. It would be beneficial if a new cheaper treatment could be found

that stimulated iodine uptake, without causing such unpleasant side effects.

Graves' disease is a common antibody-mediated disorder in which the primary target antigen
has been identified as the thyroid follicular cell surface receptor for thyroid stimulating
hormone (TSHR). One group of anti-TSHR antibodies behave as agonists, mimicking the
action of the natural ligand, TSH, on the receptor and are known as thyroid stimulating
antibodies (TSAbs). The TSAbs hyperstimulate the thyroid follicular cells to secrete
thyroxine resulting in hyperthyroidism. Another group of anti-TSHR antibodies (TSBADb)
may act as antagonists of TSH binding to the receptor which may occasionally lead to
hypothyroidism. Neutral class antibodies to the TSHR that have neither agonist nor
antagonist activity have also been described, although their role in disease remains to be

clarified.
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The treatment for Graves' disease has been standard for almost fifty years. It is very difficult
to study Graves' disease because the antibodies involved in the disease are present at very low
levels. It would be useful to have antibodies that stimulate the TSHR in order to further the

studies into Graves' disease.

The TSHR belongs to the family of G protein coupled receptors (GPCRs) with a large
extracellular domain, a seven transmembrane (TM) region and a short cytoplasmic tail. The
TM region of the GPCRs is responsible for the transmission of the activating signal by
regulating small secondary messengers such as cAMP, diacylglycerol and inositolphosphate
(IP3). It is likely that the mode of TSHR activation and the consequent intracellular
regulatory cascade may ultimately be responsible for the variations observed in different
patients with regard to toxic hyperplasia (gland enlargement, goitre), extrathyroidal
complications and response to treatment. The TSHR is unique among the large family of
GPCRs in undergoing complex post-translational modifications such as cleavage into two
disulphide-linked subunits, known as the A-subunit and the B-subunit. The A-subunit of
53kD, corresponding to the ectodomain of TSHR is of special interest as it preferentially
binds TSAbs and it has been proposed that the resulting, cleaved fragment released into the
bloodstream may be the primary stimulus for provoking autoimmunity in susceptible

individuals.

The isolation of TS Abs as monoclonal antibodies (mabs) has been a long sought goal, but has
proved to be extraordinarily difficult to achieve. The establishment of experimental animal
models of hyperthyroid Graves’ disease has led to the development of IgG mabs with limited
TSAD activity. At the same time, a human IgG mab to TSHR, developed from a patient with
Graves' disease, was described with powerful thyroid activity in the nanogram range. The
human mab acted as a full agonist by activating the TSHR to maximal stimulation equivalent
to that achieved with sub-saturating concentrations of TSH. More recently, a murine mab
developed from an expetimental model, with similar efficacy, which behaves as a full agonist
for the TSHR has also been described. Moreover, the mab was pathogenic in antibody
transfer experiments in vivo and reportedly led to a lymphocytic infiltrate of the thyroid gland.
The determinants on the receptor for the full agonist and other stimulatory and blocking
murine mabs are dependent on the conformational, three dimensional folding of the
ectodomain, residing in a region rich in leucine repeats within the horseshoe structure. The

paucity of full agonist autoantibodies to TSHR present in patients’ serum, precluded a
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comparison of their properties, which may impact on the pathogenesis of Graves' disease.
The inventors have surprisingly developed two antibodies that have an extraordinarily high
affinity for TSHR and consequently powerfully stimulate TSHR. Interestingly, the two mabs
show full agonist activity to the TSHR, but also show subtle differences in their behavior at
low concentrations of IgG in terms of antagonistic activity for the TSHR. The mabs are
pathogenic in vivo when transferred into mice whereby a single injection of microgram
quantities of IgG induces rapid hypersecretion of thyroxine leading to sustained
hyperthyroidism with considerable morphological changes, but with minimal mononuclear

cell infiltrate in the thyroid glands.

According to the invention, there is provided an antibody that binds to the TSHR, particularly
to human TSHR with high affinity and specificity.

Accordingly, there is provided an antibody comprising a CDR comprising an amino acid
sequence having substantial homology to an amino acid sequence selected from the

sequences shown in figures:

8,9,10,11,12, 13, 14, 30, 31, 32, 33 and 34..

In particular, there is provided an antibody comprising a first CDR comprising an amino acid
sequence having substantial homology to an amino acid sequence selected from the
sequences shown in figures:

8,9,12 and 32;
a second CDR comprising an amino acid sequence having substantial homology to an amino
acid sequence selected from the sequences shown in figures:

10, 13, 30, 31 and 33; and
a third CDR comprising an amino acid sequence having substantial homology to an amino
acid sequence selected from the sequences shown in figures:

11, 14 and 34.

Also provided is an antibody comprising a heavy chain comprising one or more CDRs having
an amino acid sequence having substantial homology to an amino acid sequence selected
from the sequences shown in figures:

8,9,10,11, 30 and 31.
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The invention further provides an antibody comprising a light chain comprising one or more
CDRs having an amino acid sequence having substantial homology to an amino acid
sequence selected from the sequences shown in figures:

12,13, 14, 32, 33 and 34.

Additionally, there is provided an antibody comprising an amino acid sequence having
substantial homology to an amino acid sequence selected from the sequences shown in
figures:

15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 35, 36, 37, 38, 39,40, 41, 42
and 43.
The invention also provides an antibody comprising a heavy chain variable region having
substantial homology to an amino acid sequence selected from the sequences shown in
figures:

20, 21,22, 23, 39 and 40.

Preferably the antibody has a light chain variable region having substantial homology to the
amino acid sequence shown in figures 24. Alternatively the antibody has a light chain

variable region having substantial homology to the amino acid sequence shown in figure 41.

Also provided is an antibody comprising a light chain variable region having substantial
homology to an amino acid sequence selected from the sequences shown in figures:

24 and 41.

In a further embodiment, there is provided an antibody comprising a CDR encoded by a
nucleotide sequence having substantial homology to a nucleotide sequence selected from the

sequences shown in figures:

44, 45, 46, 47, 48, 49, 50, 61, 62, 63, 64 and 65.

In particular, there is provided an antibody comprising:
1) a first CDR encoded by a nucleotide sequence having substantial homology to a
nucleotide sequence selected from the sequences shown in figures:

44,45, 48 and 63;
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b) a second CDR encoded by a nucleotide sequence having substantial homology to a
nucleotide sequence selected from the sequences shown in figures:

46, 49, 61, 62 and 64; and
c) a third CDR encoded by a nucleotide sequence having substantial homology to a
nucleotide sequence selected from:

47, 50 and 65.

Also provided is an antibody comprising a heavy chain comprising one or more CDRs
encoded by a nucleotide sequence having substantial homology to a nucleotide sequence
selected from the sequences shown in figures:

44, 45, 46, 47, 61 and 62.

Additionally, there is provided an antibody comprising a light chain comprising one or more
CDRs encoded by a nucleotide sequence having substantial homology to a nucleotide
sequence selected from the sequences shown in figures:

48, 49, 50, 63, 64 and 65.

The invention further provides an antibody encoded by a nucleotide sequence having
substantial homology to a nucleotide sequence selected from the sequences shown in figures:

51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 66, 67, 68, 69, 70, 71, 72 and 73.

Also provided is an antibody comprising a heavy chain variable region encoded by a
nucleotide sequence having substantial homology to a nucleotide sequence selected from the

sequences shown in figures:

56,57, 58,59, 71 and 72.

Preferably the antibody comprises a light chain variable region encoded by a nucleotide
sequence having substantial homology to the nucleotide sequence shown in figure 60.
Alternatively the antibody comprises a light chain variable region encoded by a nucleotide

sequence having substantial homology to the nucleotide sequence shown in figure 73.

Further provided is an antibody comprising a light chain variable region encoded by a
nucleotide sequence having substantial homology to a nucleotide sequence selected from the

sequences shown in figures:
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60 and 73.

In another embodiment, there is provided an antibody that binds to the same epitope as an

antibody according to other aspects of the invention.

In order that the invention may be better understood, certain terms are defined. Additional

definitions may be found throughout the specification.

The term “antibody” is well known in the art. Herein it means an immunoglobulin or any
functional fragment thereof. It encompasses any polypeptide that has an antigen-binding site.
It includes but is not limited to monoclonal, polyclonal, monospecific, polyspecific, non-
specific, humanized, human, single-chain, chimeric, synthetic, recombinant, hybrid, mutated,
grafted, and in vitro generated antibodies. The term “antibody” encompasses antibody
fragments such as Fab, F (ab") 2, Fv, scFv, Fd, dAb, and any other antibody fragments that
retain antigen-binding function. Typically, such fragments would comprise an antigen-
binding domain. When preceded by the word “intact” the term “antibody” means a whole
antibody molecule, namely two heavy chains, each with one variable region and three

constant regions, and two light chains, each with one variable region and one constant region.

Intact antibodies are also known as immunoglobulins (Ig). As indicated above, intact
antibodies comprise light chains and heavy chains. Light chains are classified into two
isotypes, and heavy chains are classified into five isotypes (A, D, E, G, and M). Some heavy
chain isotypes are further divided into isotype subclasses, e. g.,18G1, IgG2, IgG3, and IgG4.
It is particularly preferred that the antibodies of the invention are IgG antibodies. In particular,
IgG2b and IgG2a antibodies are preferred.

The domain and three dimensional structures of different antibodies are known in the art. The
light chain is composed of a constant domain (C) and an N-terminal variable domain (V). The
heavy chain is composed of three or four constant domains (Cy), a hinge region, and a N-
terminal variable domain (Vy). The Cy adjacent to the Vi domain is designated Cy. The Vy
and V|, domains contain four regions of conserved sequence called framework (FR) regions
(FR1, FR2, FR3, and FR4), which form a scaffold for three regions of hypervariable
sequence called complementarity determining regions (CDR). The CDRs (CDR1, CDR2, and

CDR3) contain most of the antibody amino acids that specifically binds antigen. Heavy chain
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CDRs are denoted H1, H2, and H3, while light chain CDRs are denoted L1, L2, and L3. The
term CDR is well known in the art. One skilled in the art would be able to recognise CDRs in
an antibody or fragment by using Kabat numbering and the amino acids found either side of

the CDRs.

The Fab fragment (Fragment antigen-binding) consists of Vy, Cyl, VL and -C. domains
covalently linked by a disulfide bond between the constant regions. The Fv fragment is
smaller and consists of Vy and Vi, domains non-covalently linked. To overcome the tendency
of non-covalently domains to dissociate, a single chain Fv fragment (scFv) can be constructed.
The scFv contains a flexible polypeptide that links the C-terminus of Vi to the N-terminus of
Vi, or the C-terminus of Vy to the N-terminus of Vu. A 15-mer (GlysSer)s peptide may be

used as a linker, but other linkers are well known.

The antibodies of the invention are preferably able to bind to the Thyroid Stimulating
Hormone Receptor (TSHR), especially the human TSHR. The antibodies also preferably
cross react with the mouse TSHR. Further they are preferably able to agonise that receptor,
that is to stimulate the production of thyroid hormone. It is possible to screen for these
functions using techniques well known in the art. A functional fragment is an antibody
fragment that is still able to bind TSHR. Further, a functional fragment is preferably able to
agonise TSHR.

The terms “antigen-binding site”, “antigen-binding domain” and “antigen-binding fragment”
mean the part of an antibody that specifically binds antigen. The part of the antigen that is
recognised and bound by the antibody is referred to as the “epitope”. An antigen-binding
domain usually comprises variable regions from both the light chain (V1) and the heavy chain
(Vn), but it does not have to comprise both. Antigen-binding fragments include Fab
fragments (monovalent fragments consisting of the Vi, Vi, C and Cm domains); F(ab");
fragments (bivalent fragments comprising two Fab fragments linked by a disulfide bridge at
the hinge region); Fd fragments (the two Vi and Cy domains); Fv fragments (VL or Vu
domains, dAb fragments (Ward et al., (1989) Nature 341: 544-546), one or more
complementarity determining regions (CDR); and single chain Fvs. The various antibody
fragments can be obtained using conventional techniques known to those with skill in the art.
It is possible to screen for the functionality of the fragments, e.g. binding and agonising a

receptor using techniques known in the art.
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As is known in the art, it is possible to use murine antibodies from mice and rats for therapy
in humans. However, rodent antibodies tend to provoke strong Human anti-Murine Antibody
(HAMA) immune responses which restricts their usefulness for repeated application in the
same patient. Hence, the antibodies according to the invention are preferably chimeric,

humanised (CDR grafted or reshaped).

The term “chimeric” refers to antibodies in which the whole of the variable regions of a
mouse or rat antibody are expressed along with human constant regions. This provides the
antibody with human effector functions and also reduces immunogenicity (HAMA) caused

by the murine Fc region.

“Humanised” antibodies (also called CDR grafted or reshaped antibodies)” are an alternative
to chimeric antibodies in which only the complimentarity determining regions from the
rodent antibody V-regions are combined with framework regions from human V-regions. The
idea is that these antibodies should be more human-like than chimeric and thus perhaps less

immunogenic than chimeric antibodies.

It is also possible to obtain fully human antibodies from transgenic mice or other transgenic
animals. Transgenic mice have been created which have a repertoire of human
immunoglobulin germline gene segments. These mice when immunised thus make human
like antibodies. B cells from such immunised mice may be used in the production of

monoclonal antibodies.

All of these types of antibodies are encompassed by the invention.

The antibodies and nucleic acids of the invention are preferably isolated. The term "isolated"
refers to a molecule that is substantially free of its natural environment. For instance, an
isolated protein is substantially free of cellular material or other proteins from the cell or
tissue source from which it was derived. The term also refers to preparations where the
isolated protein is sufficiently pure for pharmaceutical compositions; or at least 70-80%
(w/w) pure; or at least 80-90% (w/w) pure; or at least 90-95% pure; or at least 95%, 96%,
97%, 98%, 99%, or 100% (w/w) pure.



10

15

20

25

30

WO 2007/110648 PCT/GB2007/001139

The phrase “substantially homologous” means that the relevant amino acid or nucleotide
sequence (e. g , CDR (s), Vg or V. domain) will be identical to or have minor differences to
the specifically defined sequences. Minor differences include minor amino acid changes,
such as 1 or 2 substitutions in a 5 amino acid sequence of a specified region. In the case of
antibodies, the second antibody has the same specificity and has at least 50% of the affinity

of the same.

Sequences substantially identical or homologous (e. g. , at least about 85% sequence identity)
to the sequences disclosed herein are also part of this application. In some embodiments, the
sequence identity can be about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% or
higher. In particular, when dealing with sequences of CDRs, substantial homology preferably
means at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% homology. When
dealing with longer sequences, such as the sequences of the light or heavy chain variable
regions, homology may be at least 85%, 87%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98% or 99%. Sequences including constant regions may have less homology, for example,
75%, 80%, 85%, 87%, 90%, 91 %, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% or higher.
Substantially identical or homologous sequences also include nucleic acid sequences that will
hybridize under selective hybridization conditions (e. g., highly stringent hybridization
conditions), to the complement of the specifically defined strand. The percent identity can be
determined by standard alignment algorithms, for example, the Basic Local Alignment Tool
(BLAST) described by Altshul et al.( (1990) J. Mol. Biol., 215: 403-410); the algorithm of
Needleman et al.( (1970) J. Mol. Biol., 48: 444-453); or the algorithm of Meyers et al.((1988)
Comput. Appl. Biosci. , 4: 11-17). The percent identity between two amino acid or nucleotide
sequences can also be determined using the algorithm of E. Meyers and W. Miller ( (1989)
CABIOS, 4: 11-17) which has been incorporated into the ALIGN program (version 2.0). This
would be known by those skilled in the art.

The term "stringent" describes conditions for hybridization and washing. Stringent conditions
are known to those skilled in the art and can be found in Current Protocols in Molecular

Biology, John Wiley & Sons, N. Y. (1989), 6.3. 1-6.3. 6.

Antibodies can be made by any method known in the art. A preferred method is using
traditional hybridoma techniques (Kohler and Milstein (1975) Nature, 256: 495-499). For
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additional antibody production techniques, see Antibodies: A Laboratory Manual, eds.
Harlow et al., Cold Spring Harbor Laboratory, 1988. No limitation is placed on the present

invention as to method of production or source of antibody.

The invention provides antibodies that bind to TSHR. It is further envisaged that one skilled
in the art could create more antibodies by altering the Vg and/or Vi, sequence(s) provided.
Such antibodies may be derived by a skilled person using techniques known in the art and are
also encompassed by the invention. For example, modifications such as amino acid
substitutions, deletions, or additions can be introduced into any part of the antibody,
providing functionality remains. Changes may be introduced into the framework regions,
especially to, for example improve the stability of the antibody. Changes may also be
introduced into the CDRs to alter the antibody’s affinity for the TSHR. The affinity of an
antibody for the TSHR may be tested using standard techniques known in the art.

Conservative modifications to the Vi and Vi sequences are envisaged in particular. Such
changes will produce molecules having functional and chemical characteristics similar to
those of the antibodies from which the modifications are made. Conservative modifications
are modifications unlikely to dramatically change the shape or function of the antibody, such
as replacing one amino acid with another amino acid that has similar characteristics, e.g.

replacing a hydrophobic amino acid with another hydrophobic amino acid.

When substituting amino acids, natural amino acids may be used, as may non-naturally

occurring amino acids that have been created by, for example, chemical synthesis.

The antibodies according to the invention may be linked to other molecules. For example,
antibodies may be linked to a protein or to a nonproteinaceous polymer such as polyethylene
glycol, polypropylene glycol, and polyoxyalkylenes. Linking antibodies to such molecules is
well known in the art and may be carried out by standard methods. Linking antibodies fo such
molecules can have an effect on certain characteristics of the antibodies, for example half life

in blood.

Other molecules that may be linked to the antibody include detectable or functional tags or
labels, such as enzymatic labels, e.g. horseradish peroxidase or alkaline phosphatase,

radiolabels and chemical moieties e.g. biotin. The antibodies may also be linked to toxic
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agents such as toxins, cytostatic or cytotoxic molecules and radioisotopes. Alternatively, the

antibodies may be linked to other antibodies.

In a particularly preferred embodiment, the antibodies are linked to radioactive iodine.

Linking such molecules to antibodies is well known in the art and may be achieved by

standard techniques, for example by covalent attachment.

The invention also provides methods of making antibodies, including a method of generating
an antibody or functional fragment thereof comprising:
a) providing a repertoire of nucleic acids encoding a variable domain that either includes
a CDR1, CDR2 or CDR3 encoding region to be replaced or lacks a CDR1, CDR2 or CDR3
encoding region;
b) combining the repertoire with a donor nucleic acid having a nucleotide sequence
substantially homologous to a sequence selected from the sequences in figures:

44, 45, 46, 47, 48, 49, 50, 61, 62, 63, 64 and 65 to provide a repertoire of nucleic
acids encoding a variable domain; and

c) expressing a nucleic acid from the repertoire.

When replacing or inserting a nucleotide sequence encoding a CDR, one skilled in the art
would use standard techniques and would know whether the CDR sequence could be inserted
in isolation or whether framework regions should also be inserted. The skilled person would

be able to make appropriate changes to the framework region if necessary.

The term "repertoire" refers to a genetically diverse collection of nucleotide sequences
derived wholly or partially from sequences encoding immunoglobulins. The sequences may
be generated by the method given above, or by rearrangement in vivo of the V, D, and J
segments of heavy chains, and the V and J segments of light chains. Alternatively, the
sequences can be generated from a cell in response to which rearrangement occurs, €. g., in
vitro stimulation. Alternatively, part or all of the sequences may be obtained by DNA splicing,

nucleotide synthesis, mutagenesis, and other methods, seg, e. g. , U. S. Patent 5,565, 332.
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The method may additionally comprise selecting an antibody that binds TSHR from the
expressed antibodies and isolating it. It may include the step of selecting an antibody that

agonises TSHR from the expressed antibodies and isolating it.

The invention also provides isolated nucleic acids encoding antibodies according to the
invention including nucleotides encoding the CDRs, variable domains and other functional
fragments of such antibodies, and substantially homologous sequences. The nucleic acids
may comprise DNA or RNA, and they may be synthetic (completely or partially) or
recombinant (completely or partially).

The nucleotide sequences provided and references thereto encompass DNA molecules with
the specified sequence, and encompass RNA molecules with the specified sequence in which

U is substituted for T.

A nucleic acid may encode any part of the antibody for example, a CDR, a variable region, a

light chain, a heavy chain, an scFv, a Fab, the entire antibody or any other functional

fragment thereof.

Particularly provided is an isolated nucleic acid having substantial homology to a sequence
selected from: the sequences shown in figures:

44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68,
69, 70, 71, 72 and 73.

The nucleic acids of the invention are substantially homologous to the sequences provided. In
particular, the sequences are preferably at least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

97%, 98%, 99% homologous to the sequences provided.

The invention also provides constructs such as plasmids, vectors, transcription or expression

cassettes, which comprise at least one nucleic acid according to the invention.

Also provided is a host cell comprising at least one such construct.

Further provided is a the method of making an antibody comprising culturing host cells under

appropriate conditions so they express the antibody from the nucleic acid. Following
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expression and production, any desired fragment or antibody may be isolated and/or purified

using any suitable technique, then used as appropriate.

Systems for cloning and expressing polypeptides in a variety of host cells are known in the
art. Suitable host cells include mammalian cells, insect cells, plé:nt cells, yeast cells, or
prokaryotic cells, e.g., E coli. Mammalian cells available in the art for heterologous
polypeptide expression include lymphocytic cell lines (e. g. , NSO), HEK293 cells, Chinese.
hamster ovary (CHO) cells, COS cells, HeLa cells, baby hamster kidney cells, oocyte cells.

It is particularly preferred that the antibodies of the invention are monoclonal antibodies.
Monoclonal antibodies may be produced by standard methods, as first described by Kohler

and Milstein.

In particular, the antibodies may be produced using a hybridoma. There is provided a first
hybridoma having ECACC accession number 06032901. Also provided is a second
hybridoma having ECACC accession number 06032902.

Also provided is an antibody produced by a hybridoma according to the invention, or a

functional fragment thereof.

Additionally provided is a method of producing an antibody comprising culturing a
hybridoma according to the invention under conditions that allow expression of the antibody

and isolating the antibody from the culture.

A hybridoma, as is well known in the art, is a cell created artificially by fusion of a tumour
cell with a B-lymphocyte. Such cells are produced in the standard method of producing

monoclonal antibodies, as first described by Kohler and Milstein.

The antibodies of the invention have multiple uses. Firstly, they may be used to further the
studies into TSHR and Graves' disease.

Secondly, the antibodies also have therapeutic and diagnostic uses. In one use, the antibodies
may be used to target cancer cells, especially thyroid tumor cells and metastases of thyroid

tumors. The antibodies may be used to deliver radioactive compounds such as radioactive
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iodine to the tumor cells (“magic bullets”) or to stimulate the tumor cells to take up
radioactive iodine for both diagnostic and therapeutic purposes. When the tumor cells take
up radioactive iodine, they are killed. They can also be identified by scanning for
radioactivity using either the magic bullet approach or the radioactive iodine uptake

procedure.

There is provided a pharmaceutical composition comprising an antibody according to the

invention.

The composition is suitable for administration to patients. In addition to the antibody, it may
comprise one or more appropriate pharmaceutical excipient(s) such as solvents, dispersion
media, coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents.
The preparation of pharmaceutical compositions and the use of excipients is well known in
the art. Other active compounds may also be included. The pharmaceutical compositions may
also be included in a container, pack, or dispenser together with instructions for

administration.

A pharmaceutical composition of the invention is formulated to be compatible with its
intended route of administration. Methods to accomplish the administration are known to
those of ordinary skill in the art. It may be possible to create compositions which may be
topically or orally administered, or which may be capable of transmission across mucous
membranes. For example, the administration may be intravenous, intraperitoneal,

intramuscular, intracavity, subcutaneous, or transdermal.

Solutions or suspensions used for intradermal or subcutaneous application typically include at
Jeast one of the following components: a sterile diluent such as water, saline solution, fixed
oils, polyethylene glycol, glycerine, propylene glycol, or other synthetic solvent; antibacterial
agents such as benzyl alcohol or methyl parabens; antioxidants such as ascorbic acid or
sodium bisulfite ; chelating agents such asethylenediaminetetraacetic acid (EDTA); buffers
such as acetate, citrate, or phosphate; and tonicity agents such as sodium chloride or dextrose.
The pH can be adjusted with acids or bases. Such preparations may be enclosed in ampoules,

disposable syringes, or multiple dose vials.

Solutions or suspensions used for intravenous administration include a carrier such as
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physiological saline, bacteriostatic water, CremophorELT"" (BASF, Parsippany, NJ), ethanol,
or polyol. In all cases, the composition must be sterile and fluid for easy syringability. Proper
fluidity can often be obtained using lecithin or surfactants. The composition must also be
stable under the conditions of manufacture and storage. Prevention of microorganisms can be
achieved with antibacterial and antifungal agents, e. g. , parabens, chlorobutanol, phenol,
ascorbic acid, thimerosal, etc. In many cases, isotonic agents (sugar), polyalcohols (mannitol
and sorbitol), or sodium chloride may be included in the composition. Prolonged absorption
of the composition can be accomplished by adding an agent which delays absorption, e. g. ,

aluminium monostearate and gelatin.

Oral compositions include an inert diluent or edible carrier. The composition can be enclosed
in gelatin or compressed into tablets. For the purpose of oral administration, the antibodies
can be incorporated with excipients and prepared as tablets or capsules, for example. The oral
composition may also contain, for example, a binder, an excipient, a lubricant and

flavourings.

Compositions may also be administered by a transmucosal or transdermal route. For example,
antibodies that comprise a Fc portion may be capable of crossing mucous membranes in the
intestine, mouth, or lungs (via Fc receptors). Transmucosal administration can be
accomplished through the use of lozenges, nasal sprays, inhalers, or suppositories.
Transdermal administration can also be accomplished through the use of composition
containing ointments, salves, gels, or creams known in the art. For transmucosal or

transdermal administration, penetrants appropriate to the barrier to be permeated are used.

For administration by inhalation, antibodies are delivered in an aerosol spray from a
pressured container or dispenser, which contains a propellant (e. g., liquid or gas) or a

nebulizer.

In certain embodiments, antibodies of this invention are prepared with carriers to protect the
antibodies against rapid elimination from the body. Biodegradable polymers (e. g., ethylene
vinyl acetate, polyanhydrides, polyglycolic acid, collagen, polyorthoesters, polylactic acid)

are often used.



10

15

20

25

30

WO 2007/110648 PCT/GB2007/001139
16

Methods for the preparation of such pharmaceutical compositions are known by those skilled

in the art.

Antibodies or compositions according to the invention may be administered in therapeutically
effective amounts, as determined, based on, for example, the patient’s weight, gender, age
and medical condition. The antibodies or compositions may be administered in a single dose,

as a bolus or as continuous therapy.

The term "effective amount” refers to a dosage or amount that is sufficient to stimulate TSHR

activity to produce thyroid hormone or to stimulate the uptake of iodine.

As used herein, the terms "subject" and “patient” are intended to include human and non-
human animals. Subjects may include a human patient having a thyroid cancer or a metastasis

of thyroid cancer.

The term "non-human animals" of the invention includes all vertebrates, such as non-human

primates, sheep, dogs, cows, chickens, amphibians, reptiles, etc.

Additionally, there is provided an antibody or functional fragment thereof according to the

invention for use in therapy.

In particular, the invention provides the use of an antibody or functional fragment thereof
according to the invention, in the preparation of a medicament for the diagnosis or treatment

of cancer.

The term cancer refers especially to cancers of the thyroid gland and to metastases of such

cancers.

Also provided is a method of locating tumor cells comprising:

1) administering an antibody according to the invention to a patient;
2) subsequently administering a radioactive compound to the patient;
3) scanning the patient for the presence, localisation or accumulation of radioactive

iodine; and
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4) generating an image of the patient.

Further provided is a method of locating tumor cells comprising:

1) administering an antibody conjugated to a radioactive compound according to the
invention to a patient;

2) scanning the patient for the presence, localisation or accumulation of the radioactive
compound; and

3) generating an image of the patient.

Preferably the radioactive compound is readioactive iodine.

Additionally provided is a method of treating tumor cells comprising:
1) - administering an antibody according to the invention to a patient;

2) subsequently administering radioactive iodine to the patient.

A method of treating tumor cells comprising:
1) administering an antibody conjugated to radioactive iodine according to the invention

to a patient.

Antibodies according to the invention may also be used in assays, such as competition assays
for the presence of anti-TSHR antibodies. There is provided a kit for assaying for the
presence of anti-TSHR antibodies in a sample, comprising a support to which TSHR

molecules are bound and labeled antibodies according to the invention.

Also provided is a method of assaying for the presence of anti-TSHR antibodies, comprising:
a) providing a support to which TSHRs are bound;

b) applying labeled antibodies according to the invention to the support;

c) applying a test sample to the support; and

d) assaying the displacement of the antibodies.

In this method, the labeled antibodies bind to the TSHRs and the amount of antibodies bound
may be measured. If there are anti-TSHR antibodies in the test sample, they will compete
with labeled antibodies to bind to the TSHRs. The amount of anti-TSHR antibodies in the

sample can be assayed by measuring the difference in amount of labeled antibodies bound
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before and after application of the sample. Competition assays of this nature are well known
and appropriate techniques and support apparatus could be used by those skilled in the art. A
labeled antibody is an antibody to which a detectable label has been attached. Suitable labels

are well known in the art and examples are discussed above.

Tt is useful to be able to detect anti-TSHR antibodies in a sample to diagnose, for example,
Graves’ disease or hypothyroidism in a patient. The method provided above could be used as

a diagnostic method, in which the test sample is a sample of serum taken from the patient.

The invention will now be described in detail, by way of example only, with reference to the

figures:

Figure 1
Dose response curves of thyroid stimulating antibody activities (TSAbs) of KSAbl and

KSAb2 IgG and Fab fragments assessed by bio-assay in CHO cells stably transfected with
human TSHR. Varying concentrations of KSAbl IgG (m——m) and Fab fragments
(m--—m) and KSAb2 IgG (~—4) and Fab fragments (4 -.-.~.4) (in ng/ml) were added to
CHO cells stably transfected with human TSHR in (A) salt-free isotonic HBSS buffer
containing sucrose and HEPES or (B) physiological isotonic HBSS buffer containing NaCl
and the stimulated cAMP measured (in pmol/ml) as described in Materials and Methods. The
cAMP responses of a sub-saturating dose of bTSH in the salt free and physiological isotonic
medium were 164 and 157 pmol/ml respectively. The results shown are representative of at

least three independent experiments performed in triplicate.

Figure 2
Thyroid stimulating blocking activity (TSBAbs) of KSAbl () and KSAb2 (m) IgG

measured in JPO9 cells using a sub-saturating concentration of 40uU bTSH. The TSBAb
activity, expressed as % inhibition of TSH induced cAMP, was calculated as described in
Materials and Methods. Different concentrations of KSAb1 and KSAb2 IgG were examined
to ensure that the blocking activity was not dependent upon the antibody concentration. The
results shown are representative of at least two independent experiments performed in

triplicate.
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Figure 3

Dose response curves of TSH binding inhibiting immunoglobulins (TBII) activity of KSAb1
IgG (m—M) and Fab fragments (®---M) and KSAb2 IgG («—4) and Fab fragments
(4 -.-.-.a) using TRAK (DYNOtest human) kits. Different concentrations of IgG or Fab
fragments (ng/ml) diluted in normal human serum were added to the human TSHR coated
tubes for the assay. The results shown are representative of at least three independent

experiments performed in triplicate.

Figure 4
Measurement for antibody affinity (Kd) of (A) KSAb1 and (B) KSAB2 IgG by saturating

binding experiments using human TSHR coated tubes from TRAK (DYNOtest human) kits
as a source of immobilized receptor and 1251.1abeled mab (approximately 2.5uCi/ml) with or
without increasing concentrations of unlabeled IgG. IC50 and Kd values were calculated
using Excel. The antibody affinity was expressed as reciprocal Kd values (L/mol). Non
specific binding using an irrelevant IgG mab (GAD1) was < 5%. All determinations were

performed in duplicate samples.

Figure 5
Competition studies using 1251 labeled KSADb1 IgG or Fab fragments and KSAb2 IgG or Fab

fragments with (A) patients’ serum (B) between KSAb1 and KSAb2 IgG and (C) between
KSAb!l and KSAb2 Fab fragments for binding to immobilized human TSHR. Serum from
patients with Graves’ disease (n =6) and hypothyroid patients with high levels of TSBAbs (n
= 6) were used. As controls, normal human serum (n = 4) from individuals with no family
history of autoimmune disease were utilized. The results are expressed as'*I-IgG binding.
The results show the broad spectrum of inhibitory activity of all sera from Graves’ disease
patients and TSBAD positive hypothyroid patients with '*I-labeled KSAb1 or KSAb2 IgG
confirming that the monoclonal antibodies bound similar autoreactive epitopes on TSHR to
those recognized by patients’ sera. The control normal serum gave negligible inhibition

(<15%).

Figure 6
Serum thyroxine (TT4) levels at various time points in BALB/c female mice following

passive transfer of (A) KSAbl IgG (m—mM) and (B) KSAb2 IgG (~—a) by intravenous
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injection. The TT4 values (ug/ml) in individual mice from each group (n = 3) are shown at
time 0 (prior to injection of mab), 7, 26 and 70 hrs. The result of administration of KSAb2
IgG by intraperitoneal injection is shown in (C). Control mice treated with irrelevant IgG

(GAD1 mab) are also shown (- — -).**p<0.01

Figure 7
Histology of thyroid glands from mice following passive transfer of KSAb1 or KSAb2 IgG to

induce hyperthyroid disease. Panel A, thyroid from control GAD]1 treated mouse; panels B
and C, KSAbl IgG at doses of 10 and 100ug respectively; Panel D, detailed view of
collapsed follicles from panel B; Panels E and F, KSAb2 IgG at doses of 10 and 100pg
respectively. Magnification x60. Apoptotic epithelial cells within colloid () and follicles
without colloid showed epithelial cell lining of columnar and cuboidal cells with

multilayering (- - ).

Figures 8 to 73 show sequences of antibodies that are examples of the invention. The figures

show various fragments of two antibodies. The fragment to which each figure relates is
defined in table 2.

Figure 74
SDS Polyacrylamide gel electrophoresis of purified rFab preparations under reducing

conditions. The H-chain fragment of the rFab is labelled with an arrow. M = standard

molecular weight markers.

Figure 75
TSH binding inhibition activities of KSAb1 and KSAb2 IgGs (labelled as IgG 9 and IgG17

respectively) and purified rFab fragments (labelled as Fab 9 and Fab 17 respectively)
assessed in TRAK assay.

Figure 76
Thyroid stimulating antibody activities of KSAb1 and KSAb2 IgGs (labelled as IgG 9 and

IgG17 respectively) and purified rFab fragments (labelled as Fab 9 and Fab 17 respectively)

assessed in isotonic HBSS buffer containing sucrose.
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Figure 77
TSH binding inhibition activities of KSAb1 and KSAb2 IgGs (labelled as IgG 9 and IgG17

respectively), purified rFab fragments (labelled as Fab 9 and Fab 17 respectively) and L-
chain swaps of the rFab fragment (labelled as Fab 9.1-17L and Fab 17.4-9L respectively)
assessed in TRAK assay.

Figure 78

Thyroid stimulating antibody activities of KSAb1 and KSAb2 IgGs (labelled as IgG 9 and
IgG17 respectively), purified tFab fragments (labelled as Fab 9 and Fab 17 respectively) and
L-chain swaps of the rFab fragments (labelled as Fab 9.1-17L and Fab 17.4-9L respectively)

assessed in isotonic HBSS buffer containing sucrose.

Figure 79
Alignment of VH and VL gene sequences of thyroid stimulating antibodies with the

corresponding murine V-region gene family.

EXAMPLES

Materials and Methods

Measurement of TSHR antibodies and thyroid function tests.

Depending on the samples for assessment, antibodies to TSHR were measured using two
different types of TSH binding inhibition assays (porcine TRAK RIA and TRAK II
[DYNOtest human] kits) (BRAHMS GmbH, Germany) requiring 50ul and 100p1 neat serum
respectively, essentially according to the manufacturer's instructions (1). The results were
expressed as percentage inhibition of 2L TSH binding. TSAb and TSBAD activities were
measured by bioassay using CHO cells stably transfected with human TSHR, , 24h after
seeding 30,000 cells/well in flat bottomed 96-well plates (1, 2). Prior to the assay, the
medium was replaced with sodium chloride free isotonic Hank's buffered solution (HBSS)
containing sucrose and HEPES supplemented with 0.5mM isobutyl-1-methylxanthine (IBMX,
Sigma-Aldrich) to inhibit phosphodiesterase activity (1, 2). Assays were also conducted in
physiological sodium chloride containing isotonic HBSS, where sucrose was replaced with
130mM NaCl. Bovine TSH (bTSH, Sigma-Aldrich) (40pU/ml), test serum (3ul) or purified
IgG diluted in the éppropriate HBSS medium was added to each well in triplicates and
incubated for 4h at 37C. The cAMP released into the medium was measured by RIA (R&D

systems) and the results expressed as pmols/ml or stimulation over basal value obtained with
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medium, as described (2). TSBAbs were detected similarly by adding a sub-saturating dose
of bTSH (40uU/ml) with test sample or control serum and measuring the reduction in TSH
mediated stimulation of cAMP, as previously described (2). In our laboratory, the inter- and
intra-assay coefficients of variation for TSAbs have been measured as < 16% and <14% and
for TSBAbs were < 24% and 11% respectively (2). Total thyroid hormone (TT4) was
determined by RIA with 25ul of serum (D S Labs, UK), using serum from four normal

BALB/c animals for determination of basal values.

Recombinant adenoviruses

Recombinant adenovirus expressing the human TSHR holoreceptor (TSHR-Ad) was
constructed using the AdEasy Adenoviral Vector system (Quantum Biotechnologies). Briefly,
TSHR cDNA (26) was excised from pBluescript IISK- by digestion with Kprl and Norl and
ligated into the adenovirus transfer vector (pShuttleCMV) (Quantum Biotechnologies). After
linearisation of the pShuttleCMV/hTSHR CMYV vector with Pmel and treatment with alkaline
phosphatase, the linear DNA was co-transformed by electroporation into electrocompetent £
coli BJ5183 together with supercoiled plasmid containing viral DNA, pAdEasy-1.
Recombinants were selected in kanamycin, extracted and digested with Pacl to expose the
ITRs and finally transfected into HEK293A cells to generate viral particles. Adenovirus
containing human TSHR-A subunit (amino acids 1 to 289) (referred to as A-subunit-Ad) used.
Adenovirus expressing B-galactosidase was used as control and prepared using the AdEasy
system. All virus constructs were propagated in HEK293 cells and purified twice over CsCl
gradient centrifugation (3, 4), dialysed against PBS and viral concentration determined by

optical absorbance at 280nm. Purified adenoviruses were aliquoted and stored at -80C.

Immunization and selection of animals for hybridomas

All mice were obtained from Harlan UK Ltd.

Recombinant adenovirus expressing the human TSHR holoreceptor (TSHR-Ad) was
constructed using the AdEasy Adenoviral Vector system (Quantum Biotechnologies). Briefly,
TSHR cDNA (1) was excised from pBluescript IISK- by digestion with Kpnl and NozI and
ligated into the adenovirus transfer vector (pShuttleCMV) (Quantum Biotechnologies). After
linearisation of the pShuttleCMV/hTSHR CMYV vector with Pmel and treatment with alkaline
phosphatase, the linear DNA was co-transformed by electroporation into electrocompetent £
coli BJ5183 together with supercoiled plasmid containing viral DNA, pAdEasy-1.

Recombinants were selected in kanamycin, extracted and digested with Pacl to expose the
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ITRs and finally transfected into HEK293A cells to generate viral particles . Adenovirus
containing human TSHR-A subunit (amino acids 1 to 289) (referred to as A-subunit-Ad) was
obtained (3, 4). For A-subunit-Ad injections, a low dose immunization protocol of 10°
particles was used (4). Female BALB/c mice (16 animals, age 7-8 weeks) were immunized as
described and bled one week and three weeks after the second injection and tested
individually for TSAb activity. The animals with consistently elevated TSAD activity
received a third injection of A-subunit-Ad. One week later, this was followed by a booster
intraperitoneal injection of CHO cells expressing TSHR ectodomain via a GPI-anchor (2x10°
cells in 500p1 PBS) (5). The animals were sacrificed three days later and the spleens removed
aseptically for hybridoma production, followed by collection of blood by cardiac puncture for
serum and excision of thyroid glands for histological analysis. All animal experiments were
performed under approval of the Home Office Regulations (United Kingdom) and King's

College London, with full veterinary welfare care.

Screening of hybridomas and cloning

Spleen cell suspensions were fused with X63-Ag8653 myeloma cells at a ratio of 5:1 using
PEG fusion medium for hybridoma production (50% solution, Immune Systems Ltd, UK) in
RPMI medium containing 20% FCS, 2mM sodium pyruvate, 2mM L-glutamine and 0.01%
PSF (all from Invitrogen, UK) and plated into 96 well plates. Hybridomas were selected
under hypoxanthine, aminopterine and thymidine (HAT medium, Invitrogen) and HT
medium (Immune Systems Ltd). The supernatants (100p1) from wells showing growth were
tested for TBII activity using TRAK II (DYNOtest human) kits. Positive wells were
expanded and subcloned twice at 0.3cells/well in medium supplemented with 10 to 20%
Hybridoma feeder supplement, Doma Drive (Immune Systems Ltd). The hybridomas were
isotyped using Mouse Monoclonal Isotyping kit (Serotec, UK). IgG was purified from tissue
culture supernatants by protein-A Sepharose chromatography (6), purity assessed by SDS

polyacrylamide gel electrophoresis and quantified for protein by Bradford protein assay.

Preparation of Fab fragments

Fab fragments were prepared from IgG by digestion with papain (Sigma-Aldrich), using
2.5mg IgG, 1M cysteine (25ul), 20mM EDTA (25ul) and 1mg/ml papain in acetate buffer
(5ul) and incubated ovemnight at 37C. (6). Following addition of 100mM iodoacetamide
(110p1) to terminate the reaction, the digest was mixed with protein-A Sepharose for 1h at 4C,

After a brief microfuge centrifugation step, the supernatant was collected and dialysed
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overnight against PBS. The purity of the Fab fragments was examined by SDS
polyacrylamide gel electrophoresis and TSHR reactivity confirmed by assessing TBII activity.

Iodination of IgG and Fab fragments and displacement studies

0.25nM of IgG or Fab fragments of KSAbl or KSAb2 in 10ul PBS were labeled with 5pl
125[.Na using iodogen coated tubes by incubating for 10min at room temperature. Free
isotope was removed by gel filtration in Sepharose G25 columns and specific activity
calculated (7). Antibody affinity was measured by saturation binding analysis. Brieily,
different concentrations of '*I-labeled IgG of KSAb1 or KSAb2 were added in duplicates to
human TSHR coated tubes (from TRAK II [DYNOtest human kit), resuspended in binding
buffer from the kit in 200p] final volume and incubated overnight in the cold room to reach
equilibrium. After washing the tubes 3 times in washing buffer from the kit, the bound 121
IgG was measured by counting the radioactivity in a gamma counter (DPC laboratories, UK).

Non specific binding was subtracted and the Kd values calculated at 50% saturation using

Excel software. The affinity results were expressed as reciprocal Kd values (L/mol).

Competition studies were carried out similarly to above: Different concentrations of
unlabeled IgG or Fab fragments were resuspended in binding buffer (from TRAK II
[DYNOtest human kit) in a final volume 200u] and added to human TSHR coated tubes from
the kit. After 2h incubation with shaking at room temperature, the tubes were washed twice
with washing buffer from the kit. A sub-saturating concentration of 1257 labeled KSAb1 or
KSAb2 IgG was added, incubation continued for 1h and the tubes washed and counted in a
gamma counter. For competition with sera from Graves' patients, 100ul serum was added to
the human TSHR coated tubes as described above. The inhibition of binding of '*I-labeled
KSAb1 or KSAb2 was determined and expressed as percentage inhibition.

Injection of KSAb1 and KSAb2 IgG for in vive stimulation of thyroid gland

Injection of different doses of purified IgG of KSAbl or KSAb2 was performed by the
intravenous and the intraperitoneal route. Female BALB/c mice (18 animals, age 7-8 weeks)
were treated with a single intravenous injection in the tail vein of KSAb1 or KSAb2 IgG in
sterile PBS (50pl) containing 10pg or 100pg antibody (3 mice per group). Another group of
mice were treated with a single intraperitoneal injection of KSAb2 IgG in sterile PBS
(100ug). For controls, animals were injected intravenously with isotype matched, 100pug IgG
mab specific for the islet cell antigen, glutamic acid decarboxylase (mab GAD-1). All
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animals were bled at time 7, 28 and 70h post injection and serum TT4 levels were determined.

Mice were sacrificed at 70h and thyroid glands excised for histological analysis.

Thyroid histology

Thyroid glands were fixed in formalin and processed in formalin. Sections were stained with
hematoxylin and eosin for morphological analysis. Inmunohistochemistry was performed for
the detection of B and T cells on the fixed thyroid sections with anti-mouse CD20 followed
by detection with the ImmunoCruz anti-goat kit (Santa Cruz Biotechnology), rat anti-mouse
CD4 and CD8 mabs followed by detection with biotinylated anti-rat antibody (Vector
laboratories, UK) and a strepavidin-biotin peroxidase conjugate (Dako, Denmark). Antigen
retrieval was performed prior to staining by pressure cooking at pH 6.0 for CD20 and CD8
antibodies, and at pH 9.0 for CD4 antibody.

Results

BALB/c mice were immunized with recombinant adenovirus expressing the TSHR
holoreceptor (TSHR-Ad) and the TSHR-A subunit (A-subunit-Ad) to induce Graves'
hyperthyroid disease. Initial assessment for anti-TSHR antibodies was performed for TSAbs

in individual sample bleeds of all animals.

One week after the second injection, nine animals were positive (56%) for TSAb activity,
ranging from 3.1 to 92.6 fold increased activity over basal levels (Table 1). Eleven animals
(68%) showed significant elevation of serum TT4 levels and hence were hyperthyroid (Table
1). These results are in complete agreement with those of Chen and colleagues (4). One
animal from this group with the highest, stable TSAb levels was selected for hybridoma
production and boosted with a third injection of A-subunit-Ad, followed one week later by an
intraperitoneal injection of CHO cells expressing high levels of human TSHR ectodomain
linked by the glycosylphosphatidylinositol anchor to the plasma membrane cell surface, to
expand the antibody secreting splenic B cell population. Serum from the selected animal at
sacrifice showed it to be hyperthyroid with elevated TT4 (134pug/ml, control BALB/c mice
56.25 +/- 8.26ug/ml), as well as being highly positive for TBII activity with 87% inhibition
of 'I-TSH binding.

Monoclonal antibodies



10

15

20

25

30

WO 2007/110648 PCT/GB2007/001139
26

Culture supernatants (100u1) were collected from 70-80% confluent wells and tested neat for
TBII activity using TRAK II [DYNOtest human) kits. A total of 250 wells were screened,
resulting in 3 positive wells (well 9, 98%; well 17, 96% and well 233, 80% inhibition). Upon
expansion, the TBII activity of well 233 primary cell line declined rapidly. The remaining
two lines were cloned twice at 0.3 cells per well and renamed KSAb1 and KSAb2, which
have been in continuous culture for >7months. The H- and L-chain subtypes for KSAb1 and

KSADb2 were shown to be IgG2b/k and IgG2a/k respectively.

Thyroid stimulating activity of the mabs

Both KSAb1 and KSAb2 IgG stimulated cAMP production in CHO cells stably transfected
with human TSHR. Initial dose response studies were conducted in NaCl-free sucrose
containing medium routinely used for its increased sensitivity for detecting TSAbs (8). As
shown in Figure 1A, in dose response studies both KSAbl and KSAb2 IgG showed typical
sigmoid curves by stimulating TSHR to reach > 98% of the response achieved with a sub-
saturating dose of bTSH. However, although both the mabs show full agonist activity by
achieving near maximal cAMP stimulatory responses, they showed differences in their cAMP
stimulatory responses at lower doses of IgG. Thus, overall KSAbl and KSAb2 showed
maximal stimulation of 199 and 183 fold over basal value, with 3 fold stimulation obtained at
1.2ng/ml and 2.2ng/ml IgG respectively (Figure 1A). The EC50 values for KSAbl and
KSAb2 IgG were determined to be 9.4ng/ml and 93ng/ml respectively (Figure 1A). Fab
fragments of KSAb1 and KSAb2 also gave similar TSAb responses to the intact parental IgG
(Figure 1A) and therefore also behaved as full agonists for the TSHR.

We also performed dose response studies under physiological salt concentrations, although
these assay conditions demonstrate reduced sensitivity compared to the use of salt free
sucrose containing isotonic HBSS buffer (8). The dose response for TSH induced cAMP
production was not altered significantly in the NaCl containing buffer, with 40pU/ml giving
maximal stimulation (not shown). Importantly, both KSAbl and KSAb2 IgG continued to
show full agonist activity with maximal cAMP stimulatory responses reaching > 98% of the
response obtained with sub-saturating dose of bTSH (Figure 1B). Typical sigmoid dose
response curves were observed, which again at lower doses showed differences in the cAMP
stimulatory activity of KSAbl and KSAb2 IgG (Figure 1B). Under the physiological salt
conditions, KSAbl and KSAb2 continued to be active at concentrations of <lng/ml and

3ng/ml respectively. The IgGs showed EC50 values in the nM range of 16.5ng/ml and
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100ng/ml respectively (Figure 1B). Moreover, Fab fragments of KSAbl and KSAb2 also
showed similar efficacies of cAMP stimulation (Figure 1B).

Blocking of TSH mediated stimulation (TSBADb) activity

The ability of KSAb1 and KSAb2 IgG to block TSH mediated stimulation of cAMP in JP09
cells was measured in a TSH mediated stimulation blocking assay. Different concentrations
of IgG were examined in the assay to ensure that the blocking activity was not dependent
upon the antibody concentration. Whilst KSAb1 showed negligible TSBAb activity, KSAb2
IgG showed a reproducible > 20% TSBAD activity in all antibody concentrations tested
(<30ng/well) equivalent to 240ng/ml, which were below the sub-saturating concentration of
agonist activity for KSAb2. Consequently, KSAb2 acted with weak antagonism to TSH
mediated stimulation of cAMP (Figure 2). Interestingly, neither KSAb1 nor KSAb2 IgG
demonstrated reactivity with any specific peptide in a complete set of synthetic peptides of
TSHR ectodomain by ELISA (2), giving compelling evidence on the recognition of

conformational epitopes on the receptor (not shown).

TSH binding inhibiting immunoglobulin (TBII)

In TBII assays using TRAK II [DYNOtest human] kits, dose response analysis of KSAb1 and
KSAb2 IgG showed concentrations of 3.3ng/ml and 10ng/ml were sufficient to give 50%
inhibition of *I-TSH binding activity (Figure 3). Moreover, for both the mabs, 20%
inhibition was achieved at concentrations of 0.7-4.4ng/ml, whilst 100ng/ml was sufficient to
give 95% inhibition (Figure 3). Fab fragments gave similar TBII activity to the intact,
parental IgG (Figure 3).

Competition studies with KSAb1 and KSAb2

By saturation binding analysis using human TSHR coated tubes (from TRAK II [DYNOtest
human] kits), both '*I-labeled KSAb1 and KSAb2 IgG bound the receptor with high affinity,
with Kds of 4.5 x 10'°L/mol and 6.25 x 10'° L/mol respectively (Figure 4). The labeled IgG
and Fab fragments of the mabs were then used as tracers in competition studies to study the
epitopes on the receptor. We investigated whether labeled KSAb1 and KSAb2 IgG displaced
heterogeneous autoantibodies to TSHR from Graves' disease patients. Serum from normal
individuals, with no family history of autoimmunity were used as controls. As shown in

Figure 5A, sera from Graves' disease patients inhibited the binding of KSAb1 or KSAb2 to
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the immobilized receptor. Furthermore, although different sera competed to a similar degree
with both labeled KSAbl and KSAb2 IgG, the sera varied in their inhibitory activity,
indicating the heterogeneous nature of anti-TSHR autoantibodies in serum from different
patients (Figure 5A). To investigate the autoimmune determinants on TSHR present in other
conditions, we assessed sera with strong blocking activity from autoimmune hypothyroid
patients which also competed in binding to the receptor with labeled KSAb1 or KSAb2 IgG
(Figure 5A). Finally, using sub-saturating concentrations of 1.1gG on human TSHR coated
tubes, both KSAb1 and KSAb2 IgG competed with each other showing that their epitopes
overlapped on the TSHR (Figure 5B). Moreover, Fab fragments of KSAbl and KSAb2 also

competed with each other, indicating the close association of their determinants on the TSHR

(Figure 5C).

Displacement studies using labeled KSAb1 and KSAb2 IgG as tracers were also performed
with another panel of anti-TSHR IgG mabs which are specific for linear determinants on the
receptor and which show negligible thyroid stimulatory activity (9). Neither KSAbl or
KSAb2 IgG showed any competition with the mabs A10, A9 and A7 which are specific for
residues located in the amino, middle and the carboxy-terminal regions of the receptor
respectively (9) (not shown). Thus the stimulatory epitopes on the TSHR are different from
the linear epitopes recognized by this panel of anti-TSHR mabs.

Passive transfer studies on KSAb1 and KSAb2 IgG

We assessed the effect of in vivo injection of KSAbl and KSAb2 IgG into naive mice in
terms of inducing hyperthyroidism. We anticipated KSAbl and KSAb2 to cross react with
mouse TSHR since the two mabs were derived from a mouse which was significantly
hyperthyroid. Two IgG doses of 10g and 100ug of each mab were injected iv into mice and
the induced hyperthyroxinaemia determined at different time points. As control, isotype
matched mab GAD1 to a pancreatic islet cell antigen was used. The results in Figure 6 show
that both KSAb1 and KSAb2 IgG are pathogenic, with a dose of 10ug or 100ug KSAb1 and
100pg KSAb2 resulting in a rapid thyroid stimulatory response characterized by
hyperthyroxinaemia within 7hrs of administration. Serum thyroxine levels returned to
baseline by 70h. Injection of KSAb2 at a dose of 10pg demonstrated a more delayed
response in elevating TT4 levels, peaking at 28hrs (Figure 6). We also examined the effect of
intraperitoneal injection of KSAb2 IgG, which paralleled the stimulation mediated by
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intravenous delivery (Figure 6). These results also confirm cross feactivity of KSAb1 and

KSADb2 to mouse TSHR.

Histological analysis of the thyroid glands from KSAbl and KSAb2 treated mice showed
both follicular and epithelial changes compared to the glands from the animals treated with
the control mab (Figure 7, panels A-F). In contrast to the thyroid gland from the control
GAD1 mab treated animals (Figure 7, panel A), the thyroid follicles from KSAb1 and KSAb2
IgG treated mice were of variable size and shape, with focal areas exhibiting total loss of
luminal colloid associated with collapse of follicular lumina; in other areas, the colloid
appears pale, thin and also finely vacuolated (Figure 7, panel B-E). Moreover, the follicles
containing the pale colloid were lined with flattened and attenuated epithelial cells, whilst the
follicles without colloid showed epithelial cell lining of columnar and cuboidal cells with
multilayering (broken arrows in Figure 7. Moreover, individual necrotic cells were found to
be present within the luminal colloid and also within the follicular lining epithelium with
picnotic nuclei (shown in Figure 7, panel F). Finally, histological analysis of the H&E
sections revealed no mononuclear cell infiltrate into the glands of the KSAbl and KSAb2
IgG treated animals, irrespective of the dose or the route of administration (Figure 7, panel B-
F). This was further substantiated by immunohistochemical staining of the thyroid glands,
whereby staining with antibodies to mouse CD4, CD8 and CD20 failed to identify any B or T

cell infiltrate (not shown).

Comparison of fragments with antibody

Heavy and light chain variable region fragments, the sequences of which are shown in Figure
79, were expressed as rFab fragments in E.coli, purified and tested for binding to TSHR by a
TSH binding inhibition assay and by measuring cAMP accumulation following TSHR
stimulation. Both fragments bound to TSHR. Differences in binding between the fragments
and the antibodies may be due to steric hindrance in the fragments, resulting from the

expression system used. Results of the assays are shown in Figures 75 and 76.

Antibodies are clonally related

Investigation of the evolutionary development of the two antibodies indicate that they both
arise from the same precursor naive B cell. The antibodies have identical germline gene
rearrangements. There are a large number of somatic hyper mutations in the Vy and Vi

regions. However, whilst the Vy regions clearly have a common ancestor and have a large
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number of mutations in common, the Vi regions do not have such conserved sequences.
Without being bound by a particular theory, the inventors postulated that the Vy region
contributes a predominant role in the agonist function in the antibodies and fragments. To
confirm this, the inventors swapped the light chains of the antibodies and performed TSH
binding inhibition and cAMP assays, the results of the assays are shown in Figures 77 and 78.

The results indicate that the Vy regions are important in determining function.

Discussion

The generation of mabs with agonist activity for the TSHR has been a long sought goal for a
number of laboratories that has only recently been attained (10). Progress in this achievement
has been dependent on the establishment of viable experimental models of antibody-induced
hyperthyroidism. However, the one major exception has been the notable achievement of a
human IgG monoclonal antibody with all the essential properties of a bona-fide pathogenic
antibody (11). Among the several thyroid stimulating mabs derived from experimental
models, only one showed full agonist activity and potencies that matched those present in the
human disorder (12). The mabs described in this study, KSAbl and KSAb2 fall into this
category of disease associated antibodies as they display (i) full agonist activity for the
human TSHR (ii) potency in nanogram quantities of IgG (iii) high affinity for human TSHR
in 10'°L/mol range and (iv) in vivo pathogenicity with the induction of hyperthyroidism.

Our results show that the epitopes of KSAbl and KSAb2 on TSHR are likely to be
conformational in nature and overlap with autoreactive determinants recognized by patients’
autoantibodies. Their epitopes on the TSHR are likely to be close and intimately associated
with each other since the smaller, Fab fragments of the KSAb1 and KSAb2 also compete for
binding to the receptor. Additionally, our finding that these epitopes also overlap with the
determinants associated with strong antagonism for TSH binding to the TSHR is in
agreement with previous studies on the close relationship of the receptor epitopes associated

with receptor stimulation and TSH antagonism (12, 13).

The notable aspects of our studies with KSAbl and KSAb2 are based on the derivation of
two thyroid stimulating mabs with full agonist TSHR activity, allowing us to compare their
behaviour. KSAbl and KSAb2 have comparable affinities and exhibit differences in cAMP

generation, particularly at very low doses of TSH.
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Antibodies with potent TSAb activity are pathogenic and directly responsible for the
hyperthyroid status. Examination of serum thyroxine levels in individual mice showed that a
number of animals where the hormone levels failed to correlate with serum TSAb activity.
This was not surprising since a lack of concordance is also recognized both in human patients
and in various models of induced Graves' disease (1, 3, 14, 15). We confirmed, in an acute
study, by passive transfer of KSAbl and KSAb2 IgG that these antibodies led to rapid
hyperthyroidism in the animals. Moreover, the intraperitoneal route of injection of KSAb 2
also led to elevated serum TT4 levels, whose kinetics paralleled the intravenous route. The
differences in potency between KSAb1 and KSAb2 observed at lower doses in the in vitro
experiments were also apparent in the in vivo studies. Thus intravenous injections of a lower
dose of 10ug IgG of KSAb2 showed delayed kinetics of induced hyperthyroidism in the
animals, in contrast to the induced hyperthyroidism with KSAbl which showed similar
induction of elevated serum thyroxine at the 10 and 100pg tested doses. However, once
maximal serum thyroxine levels were achieved with either the 10 or the 100pg doses of either
KSADb1 or KSAb2 IgG, hormone levels declined with similar kinetics until reaching basal
levels by 70h after injection.

Interestingly, histological analysis of the thyroid glands at 70h post injection showed
morphological changes suggestive of both stimulatory and cytotoxic effects. The stimulatory
effects were characterized by proliferative epithelial changes as evident by foci of
hyperplastic follicles with loss of colloid formation associated with multilayering and luminal
collapse. The cytotoxic effects were present as individual cell necrosis within the lining
epithelium and dying thyrocytes present within the colloid material. These cytotoxic effects
are likely to be mediated as a result of the increased thyroid hormone production induced in
the gland by the TSAbs, leading to a massive accumulation of hydrogen peroxide within the
apical surface of the thyroid follicles (16, 17). There was no evidence of a mononuclear cell
infiltrate, such as that present in the glands of patients with Graves’ disease. It is possible that
a prolonged chronic study of mab administration may lead to inflammatory changes within
the thyroid gland, but it is interesting that in a similar acute study with their potent TSAb mab,
the group of Costagliola and colleagues (12) reported a mononuclear cell infiltrate into the
glands of their hyperthyroid mice. As the time frame in their study following the single
injection of the TSAb mab was similar to that in the acute study in this report, this suggests

that perhaps antibodies to different epitopes on the TSHR may be linked to the inflammatory
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reaction in the thyroid gland (12). Another recent study from Davies and colleagues used a
hamster mab to TSHR with weaker TSAb activity than that reported in this study (18) to
examine both the acute and chronic effects of the mab administration to mice (19). Although
it is difficult to draw correlates of the hamster mab with the powerful stimulating mabs
reported herein, it is interesting that chronic stimulation failed to induce hyperthyroxinaemia
in the animals, but did lead to desensitization of the receptor, as well as considerable
morphological changes such as hypertrophy and colloid depletion in the thyroid glands (19).
Nevertheless, there was no reported mononuclear cell infiltration into the thyroid glands of

the animals following chronic stimulation with the hamster mab (19).

The development of potent thyroid stimulating mabs such as KSAbl and KSAb2 opens the
way to a molecular dissection of the TSHR and the epitopes associated with autoimmune
disease. Mapping of the conformational epitopes on the TSHR recognized by KSAbl and
KSADb2 may be performed by phage random peptide library screening in conjunction with
mutagenesis (20). This will help in the characterization of the epitopes associated with
thyroid stimulation on the TSHR and their modes of intracellular signaling. An understanding
of these signaling events may also be relevant to the complications of Graves' disease such as
TAO and pretibial myxoedema. Finally, generation of anti-idiotypic antibodies to KSAb1 and
KSADb2, to identify individual clonotypes of anti-TSHR antibody specificities present in
patients with Graves' disease may allow studies in the future to correlate their response to

treatment and hence tailor therapies for individual patients without risk of relapse.
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Table 1: Serum thyroid stimulating antibody activities and thyroxine levels in BALB/c mice

immunized with Adenovirus TSHR A subunit, measured one week following second

immunization. Eleven animals (68%) were hyperthyroid (shown in bold).

Mouse | cAMP (pmol/ml) TT4
1 week after 2"} (ng/ml)
immunization)

1 3.8 100

2 2.0 66

3 0.8 100

4 1.2 81

5 16.6 134

6 59.2 56

7 1.9 89

8 4.0 213

9 37.3 237

10 2.0 84

11 6.1 101

12 18.1 107

13 1.9 138

14 1.5 148

15 1.4 63

16 1.8 60

Control BALB/c mice

17 0.6 44

18 0.5 62

19 0.5 60

20 0.8 59
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Table 2: Amino acid and nucleotide sequences shown in the figures:
KSAb1 KSAb2 KSAb1 KSAb2
Amino acids | Amino acids | Nucleotides | Nucleotides
Heavy chain CDR1 8,9 8 44, 45 44
Heavy chain CDR2 10 30, 31 46 61, 62
Heavy chain CDR3 11 11 47 47
Light chain CDR1 12 32 48 63
Light chain CDR2 13 33 49 64
Light chain CDR3 14 34 50 65
Heavy chain Fab 15,16,17, 18 | 35, 36, 37 51, 52,53,54 | 66,67, 68, 69
Light chain Fab 19 38 55 70
Heavy chain V domain | 20, 21, 22, 23 | 39, 40 56,57,58,59 | 71,72
Light chain V domain | 24 41 60 73
scFv 25,26,27,28 | 42,43
scFv linker 29 29




PCT/GB2007/001139

WO 2007/110648

35

DOLOOLVVIVLILODIVVLILVLLDVODLLVODLOVOLLIOVVOV
VVDDIVOODVDVIDVVOHILODDIOVVOHIVIDVOVIIODLIOIOL
LVOLOVILODIOLLODOVVYODIIDILVIVOVVOLVVILLOOVOD
IODDVVOIDOLIDVOIIDVODIDILOVIVYIDLIDVIILOOVD

ASSSHIATOHSOTIVAALHASSSTSOSNMIAIASHAAA
DMATODTIASSDLLADDOAYIAAASALLINYSSATTL
ID0OMAQAXAMATIYDARAYSAAS IFISTTANAVINSS
MNALTIVIOHAIONANLOONXANI IO MATNIOHS DY
AMNWNLAVSASADSTIDS IMHSYDAMATAADSODTOAR | TUAGGVT

souonbes aprjoojonu ureyo KAeay qeJ

oousnbaos proe ourwre UIBYD AABIY qB,]

Dej3oebiaaneranebbbloebbSe

obbbeboygbebbenoeeoejoeejoeibbabbireeseinnoaeeyyeian

oeebieooenrionb

aouanbas
SPNOS[ONN

AQAXAMTT

DHEAHONANIOONAANIT

NRWLAY

2ousnbas
poe oumury

PuA6qyW

oeloebiaaneilorbbbioebbbe

obbbebojjbebbenneeseineejoraibbibbierorigooieeilelan

oebbieoneoeynob

souanbas
9pnoaONN

AQAAaMay

DHAHONANIOONAANIT

aNILAY

2ouanbas
pIoe  ournuy

CUAG IV

Dej3orbilaaorloebbbioebbbe

obbbeboaabebbrenoreneloeeloeibbibbieeneiinnieelielld

oeebilennenelo0b

aouanbas
aprosponN

A0AXAMAT

DHTATONANTOONAANIT

NRNLAY

aouanbas
pIoe  ourury

cuAedqyw

peaorbilajoeioebbbioebbbe

obbbeboiabebbenorenreiloeeioribbibbieeneiinoayre]ielad

oeebirooene]nnb

aouanbas
aprjosonN

AQAAAMNTE

DIATONANIOONAANTT

NWLAVY

asuanbas
pIoB  OUIUIy

TUA6GYU

¢ddao

[4:(€19)

14do

ureyd AAvay (IqQVSY) 6qvVw

seouonbes :¢ o[qe].




PCT/GB2007/001139

WO 2007/110648

36

DDIODIVVIOVIIIODLVVILVLIIOVODLLVOOIOVOLLIOVVOV
VVODIVOIDVOVIOVVOLOOHDIIVOOILVIIVIVIIIOIDLIL
LVOLOVLLODLDLLODDVVIOLIDLVIVOVVOLVVILLIOVOHD
LIDDVVDIODDLODVOIODVODIDIOVIVVIDILIDOVOIDIOOVD

ASSSWLATOSOTIVAAIHASSSTSOSNMIALASHIAX
DANTODTIASSDLLADODAYIdAASAdLINVYSSALTL
LOODMAQAZAMAYYYDXAAYSAASLISTIINAYINGS
ANALTIVAIDHAHONANIOONAANITOT MATNIOHSOM
AMANLAVSASADSYID S IMNSYOAMATIADSOOTOAR

cJA6qVI

IDILODDIOVOVD
LLVVVVOVVOVOOHIODVVIIVIOVIDVIODOVIIIVILIOLID
DDOVIDILOOVOILODIOVOVILOVVIDODLIOVIOVIILIDIDINL
DVDIOVOIIDVIDOVOHIVIDOVIVIDLIVOOIIILOVIDLIDIILD
DVODOLIOOVIVIOIDIOVIOVIIILOIIDILYODIILIVVHOL
LOVOIDIOVOLOVIIOVOLIODILLIVIDODDOVVIIOODILIIDLY
DODIDIIOVOLOIDLIDLIODLIVVIVLVOVOOILOILOHDODILIIDD

"DDLOVOOLVIDIOVILYIOIIDVOVVIVVVVIIOVILIDLILD

VOVOLOLOVIOOVOOHDVVIIDOHOHDHIDVIOVOLLIOVIOVODOHILD
VODDVVOVOIDIODLOVLLVIDIDVIODIIIIVOIVOLILVIVOL
DIOVOIDDIIDVOHDLVILIDODVIVIVVIILVIIOVVIVVV.LD
LOVVLLIOVODDOVVIDDOHVOILIOVOOVIIVVIVIOVVYIIVL
DODIDOLVVOVLLODLVVILVLIOVOOLIVODIOVOLLIDVVOVY
VVDDLVIOOVDOVIDVVOIDDDLOVVOHLVIOVOVIIDODLLLOL
LVOLOVILDDIOLIODOVVIODILIDILVIVOVVOILVVILLDOVOD
LOODVVOIDDIIOVOIODVODOIDIDVIVVIDILIDVIIILOOVD

DYLHIMMAAM LS SYdHVASDIALDSAMISSAAL
ASSSWIATIDSOTIVAALHASSSTSHSNMIAIASHAAR
DANTODTIASSDILADODAVTAANS A LIMVSSALLL
IOOOMAQAAAMAIIVOAAAYSAAS LIS TIANAVINGS
MNALTIVIDHAHONANIODNAINT IO ITMATNNDHSON
AMNINLAVAASZOSAD S IANSTODIATAIOSODTOAT

TIAGAY™

LOLILODDOVOVD
LIVVVVDVVOVDDIDOVVIIVIDVIDVIIOVIIIVILIDLID
DDOVIDILOIOVIIOIDVOVIIOVVIIDDIDDVIOVIOLIDIDIOL
DVOLOVILOOVIOVOLVIDOVIVIDIDOVOOLILOVODLIDIDLD
DVOIILLODVIOVIDIODLOVIDOVIDILOIOIDILVOOIDILOVVOOL
LOVOILDLOVODIDVOILOVDILDDDLIOV.IODODOVVILODIDDDILY
ODDIDIDVOIODIDLIDLIODILOVVIVIVOVOOIOLODODILIDID
DDILOVIOILVIDIOVIOLVYIDIIVVIOVVIVVVVIIOVILIDLILD
VOVOLOLOVOOVODDOVVIIDHOHODLIVIDVOLLLIVIIOVOODILD
VODOVVOVOIDIDIIVILVIDIOVIDLIIIOVOIVOHIOLVIVOL
DLDOVOLIDLIDVODLYDLIIDOVIVIVVOIILVIIOVVIVVV.LD
LOVVILIOVODDDVVODDODOVDILIOVOOVIIVVIV.IOVVIDOVL

DULHIMMAA LS SYAHVASIIALOSAMISSAAL




PCT/GB2007/001139

WO 2007/110648

37

LODDVVDILODILIOOVOIDDVODLIIDVIVVIDILDDVIDLOOVD

AMNWIAYSASXDSIDS IMNSYDINATIADSOOTOAH

TJA6GVW

aouanbas aprjos[onu UoIZax S|qeLIB A

souonbos proe ourie UOI3oI O[GELIE A

IOLIODHOVOVD
LLVVVVDVVIVDOILOOVVIOVIDVODVIIODVIIIVILIDLID
DOVODLIDVILODDVOVILOVVIIDDILOOVIOVOILIOIOIDLOL
JDVDIDVOLIDVIDVDLVIOVOVLILOVODIDLOVIDIDDILILD
DVIOOLLIOOVIVODIODLOVIOVIDIIOILODDLVODIILIVVDOL
IOVDIDIOVOLOVOLOVOIIDDLILIVIDODODDOVVILODLIDODLY
DDOIDILOVDIDIDILIDLLODDIDVVIVIVOVODIOIOHODDIODDD
ODIOVOILVIDLDOVILVIOIDIOVIVVIVVVVIIDVIILIODLOLD
VOVILILIOVOOVIDOVVIIDDDDIOVIOVOLLLOVIOVODOLD
VODOHVYVODVOIDIDIDVLLVIOLOVODLOLOODDIOVOLOLVIVOL
DIOVOLODLODVDDILVILLDDDVIVIVVIDLVOLOVVOVVVID
LOVVILLLOVOODDVVIDDDVDILIOVODVIIVVIVIOVVIDVL
DDIDDILVVIVLLODIVVLLVLIOVODLLYVODIOVOLLIOVVOV
VVDOLVIOOVOHVIOHVVDOIDODIDVVOLVIIVIVIOIDLOLOL
LVOLOVLIODIDLIODOVVODLODLVLVDVVDLVYVILLOOVDD
IO0DVVDLODIODVDILOOVODILIIOVIVVIDILIDVIDLODOVD

NMLATMIAAN LS SYAHVASOIALOSAMLS SAAL
ASSSWIATDSOTIVAALHASSSTISOSNMIAIASHAAR
DMATODTIASSOLIADIDAYIdAASId LINYSSALIL
IDODMAARAMAINVIARAVSDAS LIS TIANAVINGS
ANALTIWVIDHAHAONANIOONAINI TOI MATNMDHS O
AMNWLAVSASADSADS IMNSVOIIATHIDSOOTOAH

PUAGIVUW

JOLIODODOVOVD
LIVVVVOVVOVDOIDDVVIOVIOHVIOVIIDVIOIVOLIDLID
DDVODIIDVILODIVOHVILOVVIIDDIODVIOVIILOIIDIDL
OVDILDOVILIDVIOOVDLVIOVIOVILOLOVODLOLOVIODLODLIID
DVOIDLLIDOVOVIODILDIOVIOVIILDLODOLVOOILIILOVVDDL
LOVDIDLOVDIOVILOVDILOOILIOVIODODVVIOLODIIIDLY
DDHDIDLOVOIOIDDLIDLIODLOVYIVIVOVDDIOLDDODILDDOD
ODILOVIILVIDIOVOLVYDIIOOVIVVIVVVVIODOVOLODLIOID
VOVILOLOVIIVIDOVVIIDODDIOVIOVOLLLOVIOVODDLD
VOHDOVVODVDOIDIDIIVLIVIDLOVODIOILOVDIVOIDILVOVDL
DIDVILODLODOVODLVYILLIDDVOVIOVVIILVIOLDOVVIVVVID
JOVVILIOVOODDVVODDDVOILIDVDDOVIOOVVIVIOVVIOVL

DIYLHIMIAANILSSYVAHVASDOIALOSAMISSAAL




PCT/GB2007/001139

WO 2007/110648

38

DLOVOLIDLIODOVODLYILLODOVIVIOVVIILVIILOVVIVVV.ID
LOVVLLIOVIDDOVVDIOODDVDILIOVOOVIIVVIOVILOVVIIVL
DDIDDIVVIOVLLODLVVILV.LIDOVOOLLVODIOVOLLOOVYOY
VVODIVODDVOVIDVVDILOODIOVVOILVIOVIVIOIOLILIOL
IVOIOVLILOOLDLIDODOVVIDIDDILVIVOVVDILVVILLODOVOHD
IOODVVDIDDLODVDIDIOVODLIIOVIVVIDLIDVIDIDHOVH

SSALTLL
LOODMACAXAMAYYYDAAAYSDASIISTTHNAYING S
JANALTIVAIDHEAHONANIOONAANTI TOTMATNMDHSON
AMNNLAVSASADSWIDS IMNSYOAANTHIDSOOTOAH

PUAGQVI

VOLOOLOLD
VOVOLOLOVIIVIDOHVVIDIDHODILOVIOVOLLLOVIOVOODL)D
VDODOVVOVOIDIOIOVLLYIDIOVIDIDIOVOIVOLIILVOVOL
DILDVOLODLIODOVODILVILLODDVIVIVVIDLVIILOVVIVVVID
LOVVLLIOVIODDVVIODDVOILIOVODVIIVVIVIIVVIIVL
ODIDDIVVOVLLODLVVILVLIDVOOLLVODIOVOILLIDVVYOY

VVODLVIDDOVOVIOVVDILODDIOVOHOLYIIVIVIOODILILIL
LVOLOVILDDIOLLIDOVVYIDIIDLVLIVOVVOILVVILLOOVOD
LODDVVDIDDIIOVHIDDVOOLIIOVIVVIOLIOVIDIOOVD

SSALIL
LOODMAQAAAMAYIYDAZAYSAASLISTTANAYING S
MNALTIVIDHAHONANLODONAINI TOI MATNIOHSOX
AMAWLAVSASADSIDS IMNSYDANATIIDSOOTOAT

cyA6qVI

VOLODIOLD
VOVOLOILOVOIVIDOVVIIDOODIDVIIVOLLLIOVIOVODOLD
VODDOVVOVOIDLDLOVLIVLIOIOVIDIDIOVOIVOIDLVIVOL
DIDVILODILODVODLVILLODOVIVIOVVIILVIIOVVIVVVID
LOVVLLIOVIDDOHVVOODDVDHDLILOVOOVIOVVIVIOVVIIVL
DDIODILVVOVLIODILVVILVILOVODLIVODIOVOILLODVVOVY

VVDDLVOODVOVIDVVDIODDILOVVOLVODVIVIIDODLLIDL
LVOIOVIIOODIDILIDDOVVIDLIIDILVIVOVYOLVVIOLLDOVDD
LOODVVDIDDLODVDIODVODIIIOVOVVIDLIDVIDIOOVD

SSALIL
IOOOMAAAXAMAIEYDAAAYSAAS IISTIANAVINS S
ANALTIVADHAZONANLODNAAN I TOI MATNMDHS O
AMNWLAYAASKDSTIDS IMNSYDAMATEADSO0TOAR

CUAGGVW

VOIODLOLD
VOVOLOIOVIIOVIDDOVVIODDDHOHIOVIDVOLLLOVIIVODDILD
VODDVVOVOIDIDIOVLLVIDIOVIDIIIOVOIVOLILVOVOL
DLOVOLODIODVDOLVILLDDDVIVIVVIILVIIOVVIVVVID
LOVVLIIOVOODOVVIDDOVOIILLOVODOVIDVVIOVIIVVIOV.L
DDIDDIVVOVLLODLVVILVLIDOVODLILVODIOVOLLIDVVOV

VVDDLVOODHVOVODVVOILODDLOVVOLVOOVIOVIIDIODLOLOL
LVIIOVIIDDLOLIODDVVIDIDDLVIVOVVOLVVILLIOVDD

SSALTIL
IODOMAQAAAMAIIYDAIAVSAAS LIS TTANAVING S
MNALTIVADAAHONANIODNAANT TOIMATNIOHS O




PCT/GB2007/001139

WO 2007/110648

39

oouanbos op1oS[oNU UOLSAI S[qRLIEA |

oouenbas proe ourtue UOL3aI A[qeLIEA |

IDLIDOHOV

DVODIVVODVOVYOLLDDVOVVILDLLVODIDVILLOVVILVIVD

VVOVILOVIIDOVOIDLIIVLVLIODVIVVIVIOVOIVVODLVLID
VDOVDOVVIIVOLLIDIVOLIDIVOIDOVIDOVOILVIDVIVIIIVD
DVOVOVVVOOVOVODVILVDILOVODLIOVIVVOIODIOIODL
VVVVOVDOVVDIOVIODOLIDLLVOVVODIOVVYIIDLVVILVD
VOVVVOIIIVIOLLOVYOVVDLLOLLODIODIODIOVILOIDLD
DVDDHIDLVIVVIIOVIDOVOIOVIILYIDVIOILLILVIILVID
LOVVOOVODLODILYVDIIDDDIVVVVILVVVOVIODVVIIVODD
DOHOVODILIDOVIVIDIDLVIODOVIOVLIVILVVDIDODDIDILOLLL
VLLVDVODDILODVOVVDLOLDVIDILVIVVIVVILVIOIVILIDILD
VOLLLYDVOVODDLOLVDDIOVOIDOVIVOLLIDIOLVOILODOLD
VODIDVOVIODIIVVIILVIDDIIDVILLIDDILOVIDOVVVIDOL
DOLVVOVDOVIIVVVOVIOVVILVIODLOOOVIDLLLLOVIODDL
DIVVOVOLOVIDDOHVVIDLLLVILVODVIOLODDDVIOVOYDOVL
DVOLVOVIIILDILVOLLYVVVVOLOLOVIDOVDILVOLODLIVOVD

DULANMNASIATASLSIMHIYEDIAS
NHIFXEMILIITLSSNSALSMISAOAIMSNTIADNOYES
DATIMIANTMIAAANNTIDAASYOOSITIOESSAdAISA
LAVYAYI I ILODDALAdAS SADIDARAYIAASOWN
NIIILAAIOSOSOIINAAADIAENSYSAATINASDDAM
OOEMYAALOANDSYID I I SANADASLSNANOSOINAIC | PAAGGVU

aousnbas apnoaronu ureys 131y qeq

oouonbas proe ourwre ureyo 31| qeq

VOVOLOLOVIOVODDOVVYIIDDODILOVIDVOLLLDVIOVODDDLD
VODDVVDVDIOIDLIVLLVIDIDVIDIOLIDDIVOLOLVOVDL

borneaboojeqobeobeariyerobbo aoeneabbojerooienbbol | oobeabiaaioeabbbibievebeoibeoobber aouonbas 9PNI03[ONN]
IAdASSAOY LXUNSYS YAAIOANOSYM |  9ouenbas proe ourury
FA6 YW
€Iad _ qaD [RiLei0) _
ureyd 3y31 (1qvSsD 6qvu
YOLODIDID




PCT/GB2007/001139

WO 2007/110648

SSALILIODOMAQARAMAYIYIEEIAYSA
ASLISTIENIYINS SMNALTIVIDHAHONANLODONAIN I TOIMATNMDHSOMAMNNIAVAAS ADS IO S IMHSVOAMATEADSOOTIOATSOHDDDSDHHDDSHDDNT
HTILOODALAGASSAOIDAAAYIAEISONNNI ITLAALDSHSHIATAIADIAINS VS AATTIA SODANOOAMYALLOANDSTID I I SANADASISWANOSOIKNATIA

CUA JM

VOLODLOLOVIVOLOLOVOIDVODOVVIDIDODDIDVIOV
DLLIDVIOVODDIOVOOOVVOVOIDLODILOVILYIDIOVIOLILOVOIVOIDILVOVOLILOVILIDLIOVODLVILLODDVIOVOVY
DOLVILOVVOVVVIDLOVVLLLOVOODDVVIDODHVOILLOVODVIOVVIVIIVVIOVIODIODILVVIOVLIDDLVVLILYIIOVOOL
LVDDLOVDIIOOVVOVVVDOLVOIDVOVDIOVVHILOODLOVYVOLYVOOVOVLIIDOILDIDLLVYIIOVLIODIDLLIDOVVIOLIDLV.L
VOVVDLVVOLLOOVDDILIOOVVOLODLIOVOILIDVODIILOVIVVIDILOOVIDILOOVOHIOVHHOHHHDHHDHHHHDIOVHODOHODH

DOODHLOVDHHHDHDHOHOHHOOHVIVVVDVIIDVVIIVODOHDDHVOHDILIODVIVIOIDLYIOOVIOVIVILVVIDOIIDILOLLIVLL
VOVIDOIOOVOVVDIDLOVIDLVILVVOVVOLVODVILOLIVIOLLLYDVIOVOODLIDIVODIOVIDOVIVILLIODDILVOLIDDLOVD
DIDVOVIDOILYVODLYIDODLOVILLIDDIOVIOVVVLIODLOLVVIOVODVIIVVVOVIVVILVIOOLIDOVIOLLLIDVIODOID
LYVDVOIDVOODDVVIDLLLVOLVOOVOLODOVOVOVODVIOVILVIVIILOLVOLLYVVVVIOLOLOVIIDVOLYDIOLLYDVD

5 m>H_HHHOOUEQmND3QMM¢UN§<w a
dSIISTIHNAVINS SMNALIIVIDHEITONANTOONAANT IO I METNIOHSOYAMNNLAYS ASADSWID S TMHNSYOIMATAIDSOOTOATISHODDSDDDOSHOODT
I DIIOODALAdASSADIDAAAVIAISONNNI I ILACLOSDSDIANAIADIAINS VS AAT A SODANO0AMVAALDANOSID I T SAITOAS LSHANOSOINATIA

TYA THM

HAILddEd "3EXMNIT — SDDODSDODOSDDDD
(Aneay — 1o)ui) — jybij) seousanbas A42S

VIVVVODVLIDOVVIIOVDDD
DOHOHVOOIDLLODVIOVIODDLVIOOVOOVILVIVVIOODDIDOLDLLIL
VILVOVIOODIDDVOVVOLIILOVIDILVIVVIOVVILVOIOVIOLIID
VOLLLVOVOVOODILOLVOODILOVIOOVIVILLOODDILVHIIDIDIOD
VODILOVOVLIODDLVVIILVODDIILIOVLLLIDDLOVIOVVYVLODL
DILVVIOVODOHVIIVVVOVIVVILVIODLIDOVIDLLLLDVIOOOL I DIIOODALAA XSS AN X T TATSBHN
DILVVDVIOILOVOODOVVIDLLLVDLVIDOVIILODODVIVOVOOVL | NILILAAIOSOSDIAIAdADILAINSYSIATITNISODAN
OVDLVOVIDIOLVDLLVVVVVOLOLOVIOOVOLVOLOLLYOVD | O0AMYAALDANDSWIDIISANADASLSWANOSOINAICA | PIAGQV

0l



PCT/GB2007/001139

WO 2007/110648

4

DLIVOVIODILVVIILYVIDODIIVLLIODIIVIOVVVLIODLOILVVIVOOVIOIVVVOVIVYILVIOOIIDOVIOLLLIDVIOONODID
LYVOVOILOVIODDOVVODLLLVDLVOOVILODOVIOVOVOOVIOVILYIVIIILOLVIOLLYVVVVILOIOVIIDVOILVOIOLLYIVD

SSATTLIOOOMAQAZAMAIIYIAXAYSD
ASIISTTANAVINS SNALTIVIDHATONANIOONAINT IO IMATNMOHSOMAMNNIAVS ASADS DS IMNSYOIMIATIADSOOTOATSDODDSDODDSOHOOD T
HADILOODALAJASSADEDAAAVIAESONNNI LILAAIOSDSDIANAIADIAENSYSAAT A SOOANODAMNYAALDANDSTID I T SAUADAS LSHAADSOLHATA

PUA U

VOLODLOLOVOVIOLOLOVOOVIDDOVVIIDHODIDVIDOV
DLLLOVIOVOODIOVOOOVVOVOIDLOILOVLLY.IDLOVIDIILOVOIVOLOLVIVOLIILOVILIDOILIOVOOLYILLODOVIVIVY
DOLVIOLOVVOVVVIODLOVV.LLLOVIOODDVVIDDOVOILIOVODVIOVVIVIOVVIOVIOOIDDILVVOVLIODLVVILLYLLOVODL
LVDDIOVDIIDDVVDOVVVODLVYIDOVOVIOVVOHIODDLOVODLYIOVIVIIOOLOIDLLYILOVILIODILOLLIDOVVYIDLIDIVL
VOVVODLVVOLLODVODILODDVVDIODLIDVOILIDVOODILOIOVIVVIDILODVIDLODVOHIOVOHOOHODHOOOOHDHHDHIOHVDHODDDHD

HHOOOIDHVDHDHOOHDDDDDDDOVIVYVOVILODVVIIVDHOHODDHOVOOIILILOIVIVIDDDLVIDOVIOVIVIVVIDDDOIDIDLLLV.LL
VOVOODILODOVOVVODLOLOVODLVLVVOVVILVIOVOLDILOVIOLLLYVOVIVODOIDLVODILOVIDOVIOVILIIODDLVOIDDDIOVO
DLOVOVLODDLVVIIILVODOIIOVLLLODIIOVIOVVVLIIDIDLVVIVOOVIOVVVOVIVVILYIODIDDOVIOLLLLOVIODDID
LVVOVDLIDOVOIOOOVVIDLLLYDLVOOVOIDDOVIVOVOOVIOVILVIOVIIILOLVILLVVVVVILILOVIOIVOLYOLOLLVIVD

SSATILIOODMACARAMAYIAVYDRAANYSA
ASITSTTHNAVINS SMNALTIVMOEAHONANLODONAANI TOIMT TN OHSOMAMANLAVS AS ADSYADIS IMNSYDANATAADSDOTOATSHODDSHODDSHDDDT
ITIDDDALAGASSAOIDAAAVIAESONNNI LTLAALOSHSOLANAIADLAYNS VS AAT TN SODANVOAMYAALOANOSID I I SAVADAS LSWANOSOLNATA

CUA ym

VOLODLOLOVOVOLOLOVIOVIDOVVYIODDDDILOVIOV
DLLLOVLIOVODDIOVODOOHVYOVOIDIOLOV.LLYLIIOIOVIDIDLIVOIVOLIILVIVOILOILOVILIDILIDVODOILVIOLLODDVIVOVY
DILVIILOVVIVVVIDILOVVILLOVOODDVVIDDOVOILLOVOOVIOVVOVIOVVLOVLIODIODILVVOVILIODLVVILVLLOVODL
LVODILOVDLLIOVVOVVVDDOIVIIOVOHVIDVVDOIDODDIDVYVDIVIIVOVLIOIOLLIDLIYVOLOVLIODIDILIODDVVODIOOLVL
VOVVDILVVOLLOOVODLIOOOVVOIODLODVOLODVODIOLOVOVVIDILOIDVIDLDOVOILOVODDDHDHDDHHDDHHOLOVOHDODODDD

HOHHHOILOHVHOHOHHHDODHDOHOVIVVVDVLODOVVYIOVODDHDOHDVODILIDDVOVILOIDOLVLODVIDVILVIVVOIODDIIODIDLLLIVLL
VOVODDILOOVOVVOLOLOVODILVLVVOVVILVOOVOLILOVOLLLVOVIVOHDIDLVODLOVIDHOVIVILLIDDLVOILOODIOIOVD
DILOVOVIODODLVVIILVIHODIOVILIDODIOVIOVVVIOOIOLVVIOVODVIOVVVOVOVVILVIODIOODVIOLLLLDVIODDLD
LVVDVOLDVODDDVVIDLLLYILVODVILODOVIVOVDOVIDOVILYIVIIILOLVOLLYVVVVOLILOVODDVODLYVODILOLLYOVD

0!

S

0%



PCT/GB2007/001139

WO 2007/110648

42

Dea10ebilajorioebbbiloebbbe

debbebojjberbesoreneineeinelbbibbiresr]aooiee]3elld

peebieooeorlnob

aouanbas
SPNOo3ONN

AJJAaMag

QHANONANIOONAINTT

NINLAY

2ouanbas
pIoB  OUIUIy

FUALTIBH

dDeaoebiyaoeioebbbioebhbe

oebbeboinbeebenoeenejoreinesbbibbieese]lnojee3jelnd

oeebiyeooroe]Dob

aouanbas
apnos[onN

AJAAAMaY

AHANONANIOONAANIT

NNWLAY

aouanbas
pIoe  ourury

EUALTAEH

peloebigaoeroebbbinebbbe

oebbebojjbeebeonerorioreioelbbibbieeneiyonierel1elln

Deebieodoenelonhb

aouanbas
Op1}09]ONN

AJIAAMTE

AHANONANIOONAINIT

NINLAY

aouanbas
ploB  ourury

CUALTAER

oeaorbiaaoenoebbbiyoebbbe

oebbebojyjbeebenoeerorjobeioeabbibbireesegeonyereyielan

oeebileooenelonb

aouanbas
opnosTonN

AJARAMTE

AHAMONASIOONAANIT

NWLAY

aousnbas
pIoe  OUIIY

TUALTIEH

1%:(€10)

[4:(¢10)

&9an

ureyd AAeay (ZqVSID) LIqVw

VOLIDLOLOVOVILILIOVIIVIDDOVVIOIDDODIDOV.LOV
DLLLOVIOVODDIOVODOVVOVDIOIOLOVILYIOIOVIOIDILIDDIOVOLIILVIVOLIIOVILIDIIDVODLVILLODDVIVIVY
DOLVIOLDOVVOVVVIDILOVV.LLLOVODOOVVIDHOHVOILIOVODVIOVVIVIOVVIIVIOODLOOLVVIVLLDDIVVLLVLIOVOOL
LVDDILOVDLIDOVVOVVVDDLYIODVOVIOVVOHIDODLOVYOLYIDIVIVIIIOILILILLYIOLOVIIOOLDLILDODOVYIOIIDLVL
VOVVOLVVOLLIDVDODLODDOVVDOLDODILIDVOLODIVODLIIOVIVVIDLIDOVIDOLODOVDIOVOHOHOHDHHHHHHOHOHDHIHVHHDHDHDDD

HDOHOOIDHVYDHDHDHDDDDODDDOVIVVVOVILODVVIOVOHOHOHDHOHOVOOILLOIVIVIOIILVILIDOVIOVIVIVVIODDIIDILDLLILV.LL
VDVODDIOOVOVVDLOLOVIDLVYLVVIVVIILVIIVOLIIIVILLLYOVOVOOOLILVODILOVIOOVIVILLIODILVOLIIDIOVD




PCT/GB2007/001139

WO 2007/110648

43

VVIODIOOVOLVIIILOVIIDHVIIIODDLIDVIOVOIILOOVVIDLD
VOLOVOILODVIDOVILIDOVIVIDLIDVOIOILOVIOILIDINIID
VOOILIODVIVIDIDLODIOHVIDIOLIDOLVODILILOVYDHOILD
JDVOLIDDVOLOVIIDOVOHLIDDLLLY LIODOVVIILODOILIDODILYD
OVLIOLOVOIODDLIDIOODILIVVIOVIVOVODOILOIDIDILIIIDD
DLOVOOLVLIDLODIILVOIIDOVIVYIVVVVIIDVILIDLIOILOV
DVOILOIOVIOVODOHVVIIOODODIOVIDOVOLLLOVIOVODDILOV
DDOVVOVVIDIDLLVLLV.ILDIOVIODIDIOVODOVYOHIOLVIOVOILD
IDVOLODIODVODLVIVIDIOVIVIVVIDLVILOVVIVOIIOL
DVVLLVOVIDDDHVVIVDOVDILIOVVOVIIVVIVIOVVIIVL
ODIDDIVVOVLLODIVVLLVLIOVOODLLVODILOVOLLOOVYOV
VVDOILVOOOVOVIDVVOHIODDLOVVOLVIIVOVIIIDIOVOL
LVIILOVILODIDOLLDDOVVIDILIDLVIVOVVOLVVIOLLOOVOD

LIDDVVDIDDLODVOLIDOVODIDLOVIVYIDILIOVIILODVD

DULATIMMAAM LS SYAHVAND LI SOSAMLSSIAL
ASSSTIATASOIAVAAIHADS STSDSNMI TIAdAJAR
DAANTODTLASSDLIADDAIVIdAASIAVLIMYSSALIL
IOOOMACAXAMAIIVYDXAAYSAESLTISTIANAYINSS
MAALTIVIAHANONANIOONAANT IO MATNIDHIOT
AMNNIAVIASADSVADS INNSVOIINTAIDSO0TOAA

CUALTQVUW

LOLIDODOVOHVOL
LYVVVOVVOVOOLODVVOIOVIDVYIOVVIDDIDDVIIIODDIOL
VVODILOOVILVIDILOVIIDVIIIDDILIDVIDVOHILIDVV.IOLD

VDIOVILODVIDVIILODIVIVIDLODVOILDIOVIDOLIDIOLDD
VODDLLODVIVODILOLODIDVIIIODLIDDLVODIDIOVYODHLD
IOVOLLIDVDIDVIIOVOILODIILLLY LIOODOVVIIODILIIDIVO
DVIDIDVOIDDIIODLIODDLOVDOVIVOVOOHILOIOHIODIIDIDD
DIDVODLVLIOLODIDVIIIIOVIOVVIVVVVIIOVILODLIIOVY
DVOLOLOVODOVIDOVVIIODODIOVIOVHLLIDVIOVOODIOV
DDOVVHVVIDIDLLVLLVIDIOVIODIDIOVOOVHIDLVIVOILD
LOVOLIODLOOVODLVIVIODDVIOVOVVIILVIIOVVIVOILIOL
DVVLLYOVIODDVVIVODVDILLOVVOVODOVVIVLIDVIOVL
DDOIDDLVVOVIVODLVVLIVILOVODILLVODIOVOILIODVVOVY
VVODLVOOOVOVIOVVDILODDILOVVDLVIIVIV.LIDODLIVOL
LVOLOVLIODIOLIDDOVVIDIDDLVIVOVVDLVVILLOOVDHD
LODDVVDLDDLIDVOILIDVODLOLOVIOVVIDLODVIDIDOVD

DULEIMIAMNILSSYVAHVAND LI SOSAMISSIATL
ASSSTLATASOTAVAALHADS STSOSNMITIAGEAAX
DAATODTLASSDLLADIOAIYTIAAAVAYLINYSSALTL
IOOOMAQAXAMAIIYDAAAYSAES LIS TIANAYINSS
AAALTIVIAIAMONAS IOONAANTI TOT MHTNNDHLOM
AMNIWIAVLASADS IO S TMNSYDINATHIDSOOTOAH

TYALTQVW

2ouonbas apnosonu ureyo AAeay qeg

oouonbas proe ourue ureyo Aaeay qeJ




PCT/GB2007/001139

WO 2007/110648

44

VVDDLVODIVDVIDVVOILODDILIVVOLVOIVIVIIIODILOVIL
LVOLOVIIOOIDLLDOOVVIDIIDLVIVOVVOLVVILLOOVOD
LODDOVVDIDDILIDVOIDDVODILDILOVIVVIDLODVIDIDOVH

IO0DMACAXRAMAYIYDEXAYSAAS LIS TIANAYINGS
MAALTIVIAHANONAS LOONAINTI TOT MATNMOHILON
AMNIWLAN LASADSWIOS IMNSYOIMATEIDSO0TOAH

THALIQVW

sousnbes oprjosonu uo1da1 o[qeLIe A

oouanbas proe ourure UoIFaI o[qeLIE A

DOVIOVODLOIODIOVIIIOILIDDLVODILILIOVVOOLD
DVOLIOOVOLOVIDOHVOLIODLLLY LIODDVVIIODLIDDLVD
DVIDLOVDLODILIDLOODDIOVVIVIVOVODLOIOILODIIIDIOD
DIOVIILV.IDLODILYIIIODVIVVIOVVVVIIOVILIDIDIOV
JVILILIVIOVIDOVVIODDOHOILOVIOVOLLIOVIOVOODLIV
DDOVVOVVODIDLLVLIVIDIOVIDIDIOVOOVOILILVIVOLD
IOVIILOOIODOVODILVIVIODOVIVIVVIILVIIOVVIOVOIIOL

DVVLLVOVIDDDVVIVDOVODLIOVVOVIOVVIVIOVVIOVL
OODIOODIVVIOVILIODLVVILVLIOVODLIVODIOVOLLODVVOHY
VVODDLVODDVDVIDOVVDIDDDILOVVOLVIIDVIVIODOLIVOL
LVOLOVILODLOLIODDVVIDIODLVILVOVYVDLVVILLOOVOD
LOODVVDIDDLIDVOHIDDVODILDLOVIVVIDILODVIDILOOVD

LHADSSTSOSNMITIAdHJAX
DRANTODTLASSDLLADDAAYIAAASAVLINVSSALTLL
LOOOMAQAXRAMATIYDAANYSTIS I ISTIANAVINGS
MAALTIVIAEAMONANIOONAIN I IO T MATNOHLOM
AMNNIAVIASADSWIOS IMHNSYOINATAIDSO0TOAH

PUALIGVIE

DDVIOVODLDIDDIOVIIIODLIDDLYVODLIILOVYOOILD
DVDLLDOVOIDVOIOVOIOODOLLIVIIDOHVVIIODIIDIOLVD
DVILDLOVOIDDILIDIOODDILIVVIVIVOVODLOIOLOLIDDID
DLOVIDILVIDIODDLVOIIIOVIVVIVVVVIIOVILIDIIIOV
OVILOIOVIDVIDOVVIOIDOOHOILIOVIOVOLLLOVIDOVOODIOV
DDDVVOVVIDILOLIVLLVIOIODVIDIDIIVOOVOIILVOVOL)D
IOVIIODIODVODILVIV.ILODDVIVIVVIILVILOVVOIOVDOILOL

DVVLLVOVOODDVVIOVDDOVOILIDOVVOVIIVVIVIOVVIOVL
DDILODIVVOVLIODLVVILVIIOVODLLYVOOIOVOLLOOVVYOV
VVDDIVODIOVOVOOHVVOIDDDIDVVOLYIIOVOVIIDODILOVIOL
LVOLIOVLLDOIDLIODDVVIODILIDIVIVDOVVOLYVILLODVOD
LODDVVDIODLIDVOIDOVODIDIOVOVVIODLODVIDIOOVD

LHADSSTISOSNMITLAdHAAA
DMATODTIASSOLLADDAIVIAAASAYVLINVYSSALIL
IOODOMAAARAMAUYYIAXAYSTIS LIS TIANAVINSS
MAALTIAHAMONANIOONZANT TOT MATNIOHION
AMNWLAVIASADSWIDS DNSYOANATHIDSOOTOAH

cqALIqVUW

IDLIODHDOVOVOL
LYVVVDOVVDOVDOLDDVVIIVIDOVIOVVIODDDDIVIIDODIDL




PCT/GB2007/001139

WO 2007/110648

45

OVOLILOVIOVIDDVVIIODOHODLOVIDVOLLIDOVIDOVOODILIV
DOOVVOVVIDIDLLVILLVIDIOVIDIILIVOOVOILIILVIVOLD
LOVILODLOOVOOLYIVIOIDVIVIVVIIILVIIOVVIVOIILOL
DVV.LLVOVIODOVVIOVDOVDILIOVVOVIIVVIVIIOVVIOV.L
ODIOODLVVOVLLODLVVILVLIDVODLIVODIOVOLIIDVVOVY
VVDDLVIDOVOVIDVVOHILOODDILOVYDLYIIVIVIIOOLOVIL
LVILOVLLODIDLIIODOVVIOILIDLVIVOVYOLYVILLOOVOD
LODDOVVDOIDDLODVHIIDOVODLIIOVIVVIDLOOVIDILOOVD

SSALTL
LOODMAQAXRAMAIAYIAAAYSAAS LIS TIANAYINS S
ACALTIVIATIANONANLIODONAIN T IO I MA TNMOH IO
AMNNIAVIASADSYADS IMNWSVOIAATAIDSOOTOAH

PUALIQVW

VOLIDLOLOV
DVILOLOVIDVIDOVVIOIOOHDDILOVIIVOLLIDOVIDOVOODIIV
DOOVVOVVODIOLLVLLYIDIOVIDLILIOVOOVOLILVIVOLD
IDOVOILODIODVODLVIVIIDDOVIVIVVIILVIIOVVIVOIIDL

DVVLLVOVIDDOVVIVOHOVODLIOVVOVIIVVIVIIVVIIOVL
DDIDDIVVOVLLODILVVILVLLOVODLLVODILOVOLLIDOVVOV
VVDODLVIDOOVIVIODVVHIOODDIIVVOLVIIVIVIIIDLIVIL
LVOIOVLIODLDLLIDOVVIOLIDIVIVOVVOLYVILLIOVHD
LI3DDVVDIDDILIDVOLIDVODIDILOVIVYIDILIOVIIILOHOHVD

SSALTL
IDOOOMAQAXRAMAUIVYDARAVSAHS LIS TIANAV.INSS
AAALTIVAIANONANIOONAIN I TO I MATINMOHION
AMNWILAVLAS ADSYADS IMWSVDAMATEADSODTOAH

EUALIGVI

VOLOOIOLOV
DVOLOLOVIDVIDHOVVIOIODOODIIVIOVOLLIIVIOVOODIIV
DDDVVOVVIDIDLLVLLVIOLOVODIDIOVODVOIILVIVOLD
LOVIILODIODVODLVIVIDDDVIVOVVIILVIIOVVIVOIIODL

DVVLIIVOVIODOVVIOVODOVOILIOVVOVIOVVIVIIVVIIVL
DDIODOLVVIOVLLIDLVVILVLIDVOOLIVODIOVOLIIDVVOV
VVODDLVODOVOVIDVVOIOODDIOVVOLYIIVIOVIIIODLIOVOL
LVOIOVLIODIDLLIDOVVIOLIDLVIVOVVOLVVILILDOVDHD
LIDDVVDIDDIDIDVOLIDVODIDIOVIVVIOLIDVIDIOOVD

SSALTLL
IOOOMAARAAMAIIVOAAAVSAAS I ISTIANAYINS S
MAALTIVIAEANONANIOONAIN T IO I MATNOHION
AMNNLAVILASADSYADS IINSYDANATHADSODTOAT

CUALTQVW

VOILOOIOLOV
DVILIIOVIOVIDOHVVIDIDDHOHDILIVIDOVOLLIDVIOVOODDIDOV
DDDVVOVVODIOLLVLLY.IDILOVIDLILOVOOVOIDLYIVOL)D
IOVOLIDIOIOVODLVIVIIDOVIVIVVIILVIIOVVIVOLIOL

DVVLLVOVIDDDVVIVDOVOILIOVVOVIOVVIOVIIOVIIVL
ODIDDIVVIVIVODLVV.LLVLIDVODLLYDOIOVOLLODVYOVY

SSALTL




PCT/GB2007/001139

46

DVIOLVOVIDILOIDDLILVVVVVILOIOVIDDVOLYVODIDILIOOVD | O0AMYIVIOANDSTIDS ISANAOYSISTANDSOINAACL | ALTQVW

9ousnbas aprjoaronu uordar s[qeLe A 20Usnbos proe ourwe UOIZAI S[GRLIB A

RESANEI .38 4
DVODILYVODOVIOVVIOLLOODVOVVIILOLLYIODIOVIOLLOVVIOLVIOVD
YVOVOLOVIDOOVDIODLODVILVIODVIVVIVIOVODIVVOIVID
VYDOVDOHVVIOIVOLLODVILIODDVIOVIOVOLVIOVIVIIIVD
DVOVOVVVOIDVIVODOVIILVOLIVODHLIOVIVVOHILIDIODODL
VVVVOVOOVVOILOVIODDLVOLLVOVVODIOVVIIOLVVILVD
VOVVVIOIOIVILOLLOVVOVVOLLDLLOOIOIODDIOVILIDHID
DVODOIDLVOVVILIOVIOVODIOVIDLVODVODIDLLDLVIDLVID
LIOVVIOVODIIODLYDILIDODDIDVVVIVVVOOHLIDOVIOVOHODD
DHOVOODLIDDVOVLIDDILVIOOVIOVILVLIVVIOOVIIOIDILLL
VILVOVOODHIDDOVOVVDILOIOVIOLVIVVOOVILVIIOVOLIOLD
DHALENINASAIASILSIMHIVHEDLAS
VOLLLVOVOVDODLLLVDODHOHVODDVIVILLIODLYODILIDDID NENE X FCIIT LT LS SNS A LS DI SAOULMS NTAONGIHS
VODIOVOVVYDDIILYVIOLVIDODDLOVILLIVOLLLIDVVVIDDL SOTIMIANT DA AINNTAIAASYOOS ITORSSAdATSA
QLVVOVDOVIOVVVODVIVVIOLVIODIODODVILLIDDIIOVIODDL | 1avvavad THTYIOO0ALAdASSA00D AL T TANSONN

DILVVOVOILOVODDOVVOIDIODIDILVIDOVILDDDOVIOVDVDDVD | s1i1iiaIoandnlidddADININSYSAITTNASODdY 7
DVILVOVOIDILOIDDLILVVVVVIOLIOIDVIDOVOILVODILOLLODVD | OOAMYIYIOANOSYNDSISAYUOVSLSTINOSOINAAT | ALTGVIT
aouanbas opnoa[onu ureyd wﬂwﬂ qeqd aousnbas proe Oﬁﬁ\ﬁd Qﬁw&o a&%ﬁ qeq
boeopeaaoojeiobenbejejerobed q0eorebbojlerool1enbbol | oobeaaanbilorabbbaibieebeogbeoobbee 2ouanbas opnosponN
IAdASSADD ININSYS YIVIOANOSY oouanbas proe ouTuUry
PHALTIER
Rie) _ 24an 14aD _

WO 2007/110648

ureqd 3q3y (ZqvsSsD LIqvu

VOIODLOIOV | _




PCT/GB2007/001139

WO 2007/110648

SSALTLIDOOMAQAXAMTUYYIXXAAYSA
ASTLISTIANAYINS SHAALTIVIAHANONANLOONAANITO I ME TN OHIONAMNNI A Y LA SXOS WM S IMHS YO ANATAIDSOOTOAT SHODDSHDDDSHONDT
ATIILODDALAIASSAO0DAAAVIAHESONNS I LTLAAIOADYD LANAIADININSYSA T T IMA SODANDOAMY TV IOANDS IO S ISAUADYS LS TAMDSOINAAT

TUA WM

VOLODLOLOVOVILIILIOVIIVIODOVVIDIODODHDIOVIOV
DLLIDVIOVOODIOVODOVVOVVIDILOLLVLLVIDIOVIDIIIDVODOVOLIILVOVOLILOVILIDLIOVODLVIVIIIOVIVIVY
DDLVIILOVVOVOLLDLOVV.LLVOVIOODDVVIVOOVOILLOVVOVIOVVIVIIOVIOVIOODIODILVVIVLYIILVVLLVIIOVODL
LVODIDVOLIOOVVOVVVODILVODIVOVIDOVVOILOOODILOVVOLYIIVIOVIIIDILOVIOLLYILOVLIOOLOLLDDOVVIDILIDLIV.L
VOVVDLVVOLLIDVDDLIDDVYDILODIIDOVOILIDVODILIIOVIVVYIOIIDVIILODOVOHIOVOODHOHDHOHDHHOHHHDHIHVHHHHHDH
DOOHOHIHVOHOHODOHODHODDHVIVVVODLIDOHVOIVOHODDHDHVHOIILLOIVIVLLIDLVIIOVIOVILVIVVIOVOIDLILLLVLL
VOVODDIOOVOVYDLOLOVIDIVIVVYOOVILVOIOVILOLIVIOLLLVOVIVODOLLLYDODDOVIDOVIVILLIDDLYDILODIIOVD
DILOVOVVDDILVVIOLVIODDILOVILLYVOLLLIOVVV.IIDLILVVIVOOVIIVVVOVIVVILVIODILIDOVILILIODLOVIOODID
LVVOVIIOVIIDOVVOIDILIDLILYIDOVIIODOHVIVOVOOVIOVILVIVOIIIODLIDILIVVVVVILIIOVIIIVOLVDIOLILOOVD

< SSATTIIOOOMAQARAMAIIVOARAYSA
HSLISTIANAVINS SYAALTIVIAEANONAS IOONAINI TO IMT TN OHIOMAMNNLAV LA S ADSVADS IMHS YOAMATHIDS OO TOATSDHODDSHODDSHDODT
HTILODDALAdASSAOODAAAVTIAESONNS I T TLAALOADYDLAYAJADININS VS AT T T A SODANOOAMY TV IOANDSWID S I SAYADVS LS TAMNOSOINAAT

TUA WM

HOILddd ¥HMNIT — SDDDODSDODOSDDDD
(Aneay — ao)ulj — ybij) seosusnbas A4og

VIVVVDOILOODOHVIIOVODD
DODOVOOILIDIDVOVLIDODLVIODVODVIVIVVIODVOODIDLLL
VILLVOVDODIODVOVVOLIILOVIOLVIVVIOVIOLVIIOVILILD
VOLLLVOVIOVOOOLLLYVODODOVIDOVIVILLIDDILYVDILIDIDILOD

VOODLOVIOVVODILVYVIOILVOOODDILOVILLIVOLLLIDVVVIDOL
DLVVOVDOVIDVVVOVIVVILVIOOLODOVILLLODLOVIOONODL IETIIOODALAAXSSADODAAAYIAISONN
DILVVOVILOVIIOOVVIDLODIOLVDIODVILODOVIVOVOOVD | SILTLAALOADIDIANAIADININSYSAITINASTOOAN 121




PCT/GB2007/001139

WO 2007/110648

48

VOVIDDIODVOVVDIILOVODILVIVVIDVILYIOVILILOVILLLYVOVIVOOOLLLYOODDOVIOOVIVILLIOILYOLIDDIOVD
DILIVOVVDDOLVVIODLVIDDDIIVILLYDLLLLOVVVIDOIILVVOVOOVIIVVVOVIVVILVIOOLDIDOVLLIIDIOVIODODDID
LVVDVOLDVIIDDOVVIODLIDLOLVIDVIILODDOVIVOVOOVIDOVILVIVIIIOLIDLIVVVVVILIILOVIIIVOILYDIOLIOOVD

SSALILIOOOMAAAAMATUYDAXAYSA
IS ISTIANAYINS SYAALTIVATIAMONANIODONAANI TOT MATNIOHLOMAMNNLAY IAS ADSIDS IMNSYOIMATIIDSOOIOATSDOODSODONSHDDD T
HTILODDALAGASSAO0DAXAYIAASONNS I LILAALDADEDLANAAADILNINS VS A T T A SODANODAMY TV LOANDSID S I SAUAOVS LS TANOSOINAAT

VA Wi

VOLODLOLOVIVOLILIVIIVIDHVVIIODDHHIOVLIIV
DILLIDVIOVODDIIOVODDOVVOVVIDLOLLVLLVIDIOVIDIOIIVOOVOLOLYIVOLOIOVILIDLIDVOOLVIVIIDIOVIVIOVY
DOLVIOLOVVOVOIIODIOVVLLYOVIIDOHVVIVOOVODLIOVVOVIIVVIVIOVVIOVIOOIOOILVVIOVLIODILVVILLVLLOVODL
LVODIOVOLIOOVVOVVVODILVIDDVOVIOVVOHILODDILOVVOLVIIVOV.ILIDIOILOVILLYOLOVIIOOIDILLDOOVVIOLIDLVL
VOVVDLVVOLLODVODLOODVVOIODILIOVOLIDVODIDILOVOVVIDILIDVIDILOOVOIOVOODDODHOHDDHODHLOVODHOOHOD
HDDHHDIDYDHOHDDDHHOHDHOHOHOHOHVIVVVDOILIDOVIIVOHOHOHOOHVOHOHDLIDIVIVILLODILVIIOVIOVIVIVVIOVIIDIDLLLVLL
VOVIDOIOOVOVVDIOLOVIDILVIVVIDOVILVOOVILIIOVILLLYOVIVOODLLLYVOODDOVIODOVIVILLOODLVOLIDIIOVD

DLOVIVVDODLVVDIILVIDDILOVILLVOLLLIDOVVVLOOIDLVVIVOOVIIVVVOVIVVILVIODIODOVILILDDIOVIODDOHID
LVVDVOLOVIIDDOVVIDILODLIOLVIOVIOLODDVIVOVDOVIOVILVOVIIIDLIDLILVVVVVILIIOVIDIVOILVOIDLIDDOVD

SSALITLIOOOMAQAAAMAIEVOAAAYSA
HSITSTIAWAYINS SMAALTIVIATANONANLODONAANI IO IMITNMOHLOMAMNNIAYLAS ADSVADS IMNSYOANATIADSOOTOATSHODDSHODDDSHODDDT
HTIIODDALAIASSAO0DAAAYIAESONNS I L IIAALDADIDLAIAIADILNINS VS A I TTIA SODAN0O0AMTTY IOANOS IO ST SAYTOVS LS TANOSOINAACT

EUA UM

VOLIDILOLOVIVIOIOLOVIIVIDOVVIIDODDDLOVIOV
DILLLDVIDVDDDILOVOOOVYOVVIDIOLIVILVIDLOVIDIDLOVOOVOLIOLVIVOILOLOVILIDILOOVODLVIVIDODVIVIOVY
DOLVILOVVYIVOOLDILOVVLIVIVIODDOVVIVDDVOILLOVVDVIIVVIVIOVVLOVIODIODILVVOVILLODLVVLLVLIOVODL
LVODIDVDOLLODVVOVVVDOLVIIDVOVOOVVOLOODIOVVOILVIIVIVIDIDIOVILIVIIOVILIODIDLIODOVYIDILIODLVL
VOVVDLIVVOLLOOVODLODDVVOILOOILIOVOLIOVODLOLOVIVVODLIODOVIOLODDOVOLOVODDHDDOOHHDDDDIOVHOHDDDOD
DDHOHOHLOVOOHDHDHHDHHOOHVIVVVDDIDDOVIIVODDDDOVOHODLIODOVIVLIODLVIOOVIDVIVIVVIOVOODIOLLLV.LL
VDVODDILOOVDVVODIOLOVIODILVIVVIDVOLVIOIVOLILOVIOLLLIVOVIVOODLLLVOODOVIDDOVIVOLIODIOLVOIODDILOVD

DIOVOVVODILVVIILVIODDIILOVILLLVDLLLIOVVVLIODIDLVVIVOOVIOOVVVDOVIVYILVILODIODOOVLLIODIOVIDDDID
LVVOVOLOVIIDOHVVIDLIODIILVIDVILODOVIVOVOHOVIOVILVOVIIILOILODLLVVVVVILIIOVIDIOVOLVOILDLIDDVD



PCT/GB2007/001139

WO 2007/110648

49

VOLIIDIDIOVOVIIOLOVIIOVIDOVVIIDDDDIOVIOV
DLLIDVIDVOOHOIOVOOOHVVOVVIDILOLLVLLVIOLOVIDIOLOVODVDLOLVIVOLIIOVOLIDLIOVODLVOVILIDDVIVOVY
DILVIIODVVIVOIIOILIVVILVOVIIDDOVVIVODOVOILIOVVOVIOVVYIVIOVVIOVIODIODILVVOVLLIOJDILVVLILVLLOVODL
LVDDIOVOHIIOOVVOVVVDOILVIIDVOVOIDVVDILOODIDVVDIVIIVOVIOODDILOVILLYDLOVLIODIDILIODOVVODIOOLV.L
VOVVDILVVILLOOVODIDDOVVOLODLIDVDIDDOVODLOLOVIOVYIOHILOOVIIIODOVDIOHVHOHHDHHODOHDOHDLOVOHDODDD
5555DLOYDHO5DDHODHDODHOHVIVYVDDLIDDOVIIVODODDDVIDILIDIOVIOVLLIJLVLODVIDVIVIVVIDVIIDLOLLLVLL



WO 2007/110648 PCT/GB2007/001139
50

References

1. Rao, P.V., P.F. Watson., A.P. Weetman., G. Carayanniotis, and J. P. Banga. 2003.
Contrasting activities of thyrotropin receptor antibodies in experimental models of
Graves’ disease induced by injection of transfected fibroblasts or deoxyribonucleic
acid vaccination. Endocrinol. 144: 260-266.

2. Muehlberg, T., J. A. Gilbert., P. V. Rao., A. M. McGregor, and J. P. Banga. 2004.
Dynamics of thyroid stimulating and blocking antibodies to the thyrotropin receptor
in a murine model of Graves’ disease. Endocrinol. 145: 1539-1545.

3. Chen, C.R., P. Pichurin., Y. Nagayama., F. Latrofa., B. Rapoport, and S.M.
Mclachlan. 2003. The thyrotropin receptor autoantigen in Graves' disease is the
culprit as well as the victim. J. Clin. Invest. 111: 1897-1904.

4, Chen, C.R., P. Pichurin., G. D. Chazenbalk., H. Aliesky., Y. Nagayama., S.M.
Mclachlan, and B. Rapoport. 2004. Low dose immunization with adenovirus
expressing the thyroid stimulating hormone receptor A-subunit deviates the antibody
response toward that of autoantibodies in human Graves' disease. Endocrinol.145:
228-233.

5. Metcalfe, R., N. Jordan., P.F. Watson., S. Gullu., M. Wiltshire., M. Crisp., C. Evans.,
A.P. Weetman, and M. Ludgate. 2002. Demonstration of immunoglobulin G, A and E
autoantibodies to the human thyrotropin receptor using flow cytometry. J. Clin.
Endocrinol. Metab. 87: 1754-1761.

6. Harlow, E., and D. Lane. 1988. Antibodies: A Laboratory manual. Cold Spring
Harbor Press.

7. Johnstone, A.P. and R.Thorpe. 1987. Radiolabelling techniques. [n Immunochemistry
in Practice, 2™ Edition. Johnstone, A.P. and Thorpe, R. eds. Blackwell Scientific
Publications, p. 113.

8. Kasagi, K., J. Konishi, Y. Iida., K. Ikekuko., T. Mori., K. Kuma, and K. Torizuka.
1992. A new in vitro assay for thyroid stimulator using cultured thyroid cells: Effect
of sodium chloride on adenosine 3°, 5’-monophosphate increase. J. Clin. Endocrinol.
Metab. 54: 108-114.

9. Nicholson, L.B., H. Vlase., P. Graves., M. Nilsson., J. Molne., G. C. Huang., N. G.
Morgenthaler., T.F. Davies, A. M. McGregor, and J.P. Banga. 1996. Monoclonal
antibodies to the human TSH receptor; epitope mapping and binding to the native
receptor on the basolateral plasma membrane of thyroid follicular cells. J. Mol

Endocrinol. 16: 159-170.



WO 2007/110648 PCT/GB2007/001139

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

51

McLachlan, S.M. and B. Rapoport. 2004. Thyroid stimulating monoclonal antibodies:
overcoming the road blocks and the way forward. Clin. Endocrinol. 61: 10-18.
Sanders, J., J. Jeffreys., H. Depraetere., M. Evans., T. Richards., A. Kiddie., K.
Bretton., L.D.K.E. Premawardhana., D.Y. Chirgadze.,, R. Nunez Miguel., T.L.
Blundell.,, J. Furmaniak, and B. Rees Smith. 2004. Characteristics of a human
monoclonal autoantibody to the thyrotropin receptor: sequence structure and function.
Thyroid 14: 560-570.

Costagliola, S., M. Bonomi., N. Morgenthaler., J. Van Durme., V. Panneels., S.
Refetoff, and G. Vassart. 2004. Delineation of the discontinuous conformational
epitope of a monoclonal antibody displaying full in vitro and in vivo thyrotropin
activity. Mol. Endocrinol. 18: 3020-3034.

Pomerance M, Abdullah HB, Kamerji S, Correze C, Blondeau JP.2000.Thyroid
stimulating hormoneand cyclic AMP activatep38mitogen-activated protein kinase
cascade. J. Biol. Chem. 275: 40539-40546.

Noh JY, Hamada N, Inoue Y, Abe Y, Ito K and K. Ito 2000. Thyroid-stimulating
antibody is related to Graves’ ophthalmopathy, but thyroglobulin-binding inhibitor
immunoglobulin is related to hyperthyroidism in patients with Graves’disease.
Thyroid 10: 809-813.

Costagliola S, Many M-C, Denef JF, Pohlenz JRefetoff S and G Vassart.
2000.Genetic immunization of outbred mice with thyrotropin receptor cDNAprovides
a model of Graves’ disease. J Clin Invest. 105: 803-811.

Denef, J.F., S. Haumont., C. Cornette, and M. F. Van der Hove. 1996. Iodine induced
thyroid inhibition and cell necrosis: two consequences of the same free-radical
mediated mechanism. Mol. Cell Endocrinol. 121: 101-103.

Riou, C., H. Tonoli., F. Bernier-Valentin., R. Rabilloud., P. Fontlupt, and B. Rousser.
1999. Susceptibility of differentiated thyrocytes in primary culture to undergo
apoptosis after exposure to hydrogen peroxide : relation with the level of expression
of apoptosis regulatory proteins, Bcl-2 and Bax. Endocrinol. 140: 1990-1997.

Ando, T., R. Latif,, A. Pritsher., T. Moran., Y. Nagayama, and T.F. Davies. 2002. A
monoclonal thyroid stimulating antibody. J. Clin. Invest. 110:1667-1674.

Ando, T., R. Latif, and T.F. Davies. 2004. Concentration dependent regulation of
thyrotropin receptor function by thyroid stimulating antibody. J. Clin. Invest. 113:
1589-1595.



WO 2007/110648 PCT/GB2007/001139

20.

52

Dromey, J. A., Weenink, S.M., G.H. Peters., J. Endl., P.J. Tighe., I. Todd, and M.R.
Christie. 2004. Mapping of epitopes for autoantibodies to the type 1 diabetes

autoantigen IA-2 by peptide phage display and molecular modeling: overlap of
antibody and T cell determinants. J. Immunol. 172: 4084-4090.



WO 2007/110648 PCT/GB2007/001139

Claims

1)

2)

3)

4)

5)

53

An antibody comprising a CDR comprising an amino acid sequence having
substantial homology to an amino acid sequence selected from the sequences shown
in figures:

8,9,10, 11, 12, 13, 14, 30, 31, 32, 33 and 34.

An antibody according to claim 1 comprising a first CDR comprising amino acid
sequence having substantial homology to an amino acid sequence selected from the
sequences shown in figures: '
8,9, 12 and 32;

a second CDR comprising an amino acid sequence having substantial homology to an
amino acid sequence selected from the sequences shown in figures:

10, 13, 30, 31 and 33; and

a third CDR comprising an amino acid sequence having substantial homology to an
amino acid sequence selected from the sequences shown in figures:

11, 14 and 34.

An antibody according to claim 1 or 2 comprising a heavy chain comprising one or
more CDRs having an amino acid sequence substantial homology to an amino acid
sequence selected from:

8,9,10,11, 30 and 31.

An antibody according to any preceding claim comprising a light chain comprising
one or more CDRs having an amino acid sequence having substantial homology to an
amino acid sequence selected from the sequences shown in figures:

12,13, 14, 32, 33 and 34.

An antibody according to any preceding claim comprising an amino acid sequence
having substantial homology to an amino acid sequence selected from the sequences
shown in figures:

15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 35, 36, 37, 38, 39, 40, 41, 42 and
43.
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6) An antibody comprising a CDR encoded by a nucleotide sequence having substantial
homology to a nucleotide sequence selected from the sequences shown in figures:

44, 45, 46, 47, 48, 49, 50, 61, 62, 63, 64 and 65.

7) An antibody according to claim 6, comprising:

a) a first CDR encoded by a nucleotide sequence having substantial homology to a
nucleotide sequence selected from the sequences shown in figures:

44, 45, 48 and 63;
b) a second CDR encoded by a nucleotide sequence having substantial homology to a
nucleotide sequence selected from the sequences shown in figures:

46, 49, 61, 62 and 64; and
c) a third CDR encoded by a nucleotide sequence having substantial homology to a
nucleotide sequence selected from:

47, 50 and 65.

8) An antibody according to claim 6 or 7 comprising a heavy chain comprising one or
more CDRs encoded by a nucleotide sequence having substantial homology to a
nucleotide sequence selected from the sequences shown in figures:

44,45, 46, 47, 61 and 62.

9) An antibody according to claim 6 or 7 comprising a light chain comprising one or
more CDRs encoded by a nucleotide sequence having substantial homology to a
nucleotide sequence selected from the sequences shown in figures:

48, 49, 50, 63, 64 and 65.

10) An antibody according to any of claims 6 to 9, encoded by a nucleotide sequence
having substantial homology to a nucleotide sequence selected from the sequences

shown in figures:
51,52, 53, 54, 55, 56, 57, 58, 59, 60, 66, 67, 68, 69, 70, 71, 72 and 73.

11) An antibody according to any of claims 1 to 5, comprising a heavy chain variable
region having substantial homology to an amino acid sequence selected from the
sequences shown in figures:

20, 21, 22, 23, 39 and 40.
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12) An antibody according to any of claims 1 to 5, comprising a light chain variable
region having substantial homology to an amino acid sequence selected from the

sequences shown in figures:
24 and 41.

13) An antibody according to any of claims 6 to 10 comprising a heavy chain variable
region encoded by a nucleotide sequence having substantial homology to a nucleotide

sequence selected from the sequences shown in figures:

56, 57, 58, 59, 71 and 72.
14) An antibody according to any of claims 6 to 10 comprising a light chain variable
region encoded by a nucleotide sequence having substantial homology to a nucleotide

sequence selected from the sequences shown in figures:

60 and 73.

15) An antibody that binds to the same epitope as an antibody to any of claims 1 to 14.

16) An antibody according to any preceding claim wherein the antibody is humanised.

17) An antibody according to any preceding claim, wherein the antibody is an IgG.

18) A hybridoma having ECACC accession number 06032901 or 06032902.

19) An antibody produced by a hybridoma according to claim 18.

20) An antibody according to any of claims 1 to 17 and 19, conjugated to an active

molecule,

21) An antibody according to claim 20, wherein the active molecule is radioactive iodine.

22) A pharmaceutical composition comprising an antibody according to any of claims 1 to

17 and 19 to 21.
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23) An isolated nucleic acid encoding an antibody according to any of claims 1 to 17 and

19to 21.

24) An isolated nucleic acid comprising a nucleotide sequence having substantial
homology to a sequence selected from the sequences shown in figures:
44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68,
69, 70,71, 72 and 73.

25) A vector comprising the nucleic acid of claim 23 or 24.
26) A host cell comprising the vector of claim 25.

27) A method of producing an antibody comprising culturing the host cell of claim 26 or a
hybridoma according to claim 18 under conditions that allow expression of the

antibody and isolating the antibody from the culture.

28) A method of generating an antibody comprising:
a) providing a repertoire of nucleic acids encoding a variable domain that either includes
a CDR1, CDR2 or CDR3 encoding region to be replaced or lacks a CDR1, CDR2 or CDR3
encoding region;
b) combining the repertoire with a donor nucleic acid having a nucleotide sequence
substantially homologous to a sequence selected from the sequences shown in figures:

44,45, 46, 47, 48, 49, 50, 61, 62, 63, 64, 65.

to provide a repertoire of nucleic acids encoding a variable domain; and

c) expressing a nucleic acid from the repertoire.
29) An antibody produced by the method of claim 25 or 26.
30) An antibody according to any of claims 1 to 17, 19 to 21, and 27 for use in therapy.

31) A method of locating tumor cells comprising:

a) administering an antibody according to any of claims 1 to 17, 19 to 21 and 27 to a
patient;
b) subsequently administering radioactive iodine to the patient;

c) scanning the patient for the presence of radioactive iodine; and



WO 2007/110648 PCT/GB2007/001139
57

d) generating an image of the patient.

32) A method of locating tumor cells comprising:

a) administering an antibody according to claim 21 to a patient;
b) scanning the patient for the presence of radioactive iodine; and
c) generating an image of the patient.

33) A method of treating tumor cells comprising:

a) administering an antibody according to any of claims 1 to 17, 19 to 21 and 27 to a
patient;
b) subsequently administering radioactive iodine to the patient.

34) A method of treating tumor cells comprising:

a) administering an antibody according to claim 21 to a patient.

35) The use of an antibody according to any of claims 1 to 17, 19 to 21 and 27 in the

preparation of a medicament for the diagnosis or treatment of cancer.

36) An kit for assaying for the presence of anti-TSHR antibodies in a sample, comprising
a support to which TSHR molecules are bound and labeled antibodies according to

any of claims 1 to 17, 19 to 21 and 27.

37) A method of assaying for the presence of anti-TSHR antibodies, comprising:
a) providing a support to which are bound TSHRs;
b) applying labeled antibodies according to any of claims 1 to 17, 19 to 21 and 27 to the
support;
c) applying a test sample to the support; and
d) assaying the displacement of the antibodies.
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Figure 8
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Figure 10
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Figure 11

RDWDYFDY

Figure 12
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Figure 15

EVQLQQSGPELVKPGASMKISCKASGYSFSAYTMNWVKQSHGKNLEWIGLINPYNG
GTINYNQEFEGKATLTVNKSSNTAFMELLSLTSDDSAVYYCARRDWDYFDYWGQGT
TLTVSSAKTTTPSVYPLAPGCGDTTGSSVTLGCLVKGYFPESVTVTWNSGSLSSSVHT
FPALLQSGLYTMSSSVTVPSSTWPSQTVTCSVAHPASSTKVDKKIETRC

Figure 16

EVQLQQSGPELVKPGASMKISCKASGYSFFAYTMNWVKQSHGKNLEWIGLINPYNG
GTINYNQEFEGKATLTVNKSSNTAFMELLSLTSDDSAVYYCARRDWDYFDYWGQGT
TLTVSSAKTTPPSVYPLAPGCGDTTGSSVILGCLVKGYFPESVTVTWNSGSLSSSVHT
FPALLQSGLYTMSSSVTVPSSTWPSQTVTCSVAHPASSTKVDKKIETRC

Figure 17

EVQLQQSGPELVKPGASMKISCKASGYSFSAYTMDWVKQSHGKNLEWIGLINPYNG
GTNYNQEFEGKATLTVNKSSNTAFMELLSLTSDDSAVYYCARRDWDYFDYWGQGT
TLTVSSAKTTPPSVYPLAPGCGDTTGSSVTLGCLVKGYFPESVTVTWNSGSLSSSVHT
FPALLQSGLYTMSSSVTVPSSTWPSQTVTCSVAHPASSTKVDRKLRRVVKGEFCRYP
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Figure 18

EVQLQQSGPELVKPGASMKISCKASGYSFSAYTMNWVKQSHGKNLEWIGLINPYNG
GTNYNQEFEGKATLTVNKSSNTAFMELLSLTSDGSAVYYCARRDWDYFDYWGQGT
TLTVSSAKTTPPSVYPLAPGCGDTTGSSVTLGCLVKGYFPESVTVTWNSGSLSSSVHT
FPALLQSGLYTMSSSVTVPSSTWPSQTVTCSVAHPASSTKVDKKIETRC

Figure 19

DIVMTQSQKFMSTSVGDRVSIICKASQNVGTFVAWYQQKPGQSPKLLVYSASNRYT
GVPDRFTGSGSGTDFTLTINNMQSEDLADYFCRQYSSYPYTFGGGTKLEIKRADAAP
TVSIFPPSSEQLTSGGASVVCFLNNFYPKDINVKWKIVGSERQNGVLNSWTDQDSKD
STYSMSSTLTLTKDEYERHNSYTCEATHKTSTSPIVKSFNRNETRC

Figure 20

EVQLQQSGPELVKPGASMKISCKASGYSFSAYTMNWVKQSHGKNLEWIGLINPYNG
GTNYNQEFEGKATLTVNKSSNTAFMELLSLTSDDSAVYYCARRDWDYFDYWGQGT
TLTVSS

Figure 21

EVQLQQSGPELVKPGASMKISCKASGYSFFAYTMNWVKQSHGKNLEWIGLINPYNG
GTNYNQEFEGKATLTVNKSSNTAFMELLSLTSDDSAVYYCARRDWDYFDYWGQGT
TLTVSS

Figure 22

EVQLQQSGPELVKPGASMKISCKASGYSFSAYTMDWVKQSHGKNLEWIGLINPYNG
GTNYNQEFEGKATLTVNKSSNTAFMELLSLTSDDSAVYYCARRDWDYFDYWGQGT
TLTVSS

Figure 23

EVQLQQSGPELVKPGASMKISCKASGYSFSAYTMNWVKQSHGKNLEWIGLINPYNG
GTNYNQEFEGKATLTVNKSSNTAFMELLSLTSDGSAVYYCARRDWDYFDY WGQGT
TLTVSS

Figure 24

DIVMTQSQKFMSTSVGDRVSIICKASQNVGTFVAWYQQKPGQSPKLLVYSASNRYT
GVPDRFTGSGSGTDFTLTINNMQSEDLADYFCRQYSSYPYTFGGGTKLEI

Figure 25

DIVMTQSQKFMSTSVGDRVSIICKASQNVGTFVAWYQQKPGQSPKLLVYSASNRYT
GVPDRFTGSGSGTDFTLTINNMQSEDLADYFCRQYSSYPYTFGGGTKLEIGGGGSGG
GGSGGGGSEVQLQQSGPELVKPGASMKISCK ASGYSFSAYTMNWVKQSHGKNLEWT
GLINPYNGGTNYNQEFEGKATLTVNKSSNTAFMELLSLTSDDSAVYYCARRDWDYF
DYWGQGTTLTVSS
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Figure 26

DIVMTQSQKFMSTSVGDRVSIICKASQNVGTFVAWYQQKPGQSPKLLVYSASNRYT
GVPDRFTGSGSGTDFTLTINNMQSEDLADYFCRQYSSYPYTFGGGTKLEIGGGGSGG
GGSGGGGSEVQLQQSGPELVKPGASMKISCKASGYSFFAY TMNWVKQSHGKNLEWI
GLINPYNGGTNYNQEFEGKATLTVNKSSNTAFMELLSLTSDDSAVYYCARRDWDYF
DYWGQGTTLTVSS

Figure 27
DIVMTQSQKFMSTSVGDRVSIICKASQNVGTFVAWYQQKPGQSPKLLVYSASNRYT
GVPDRFTGSGSGTDFTLTINNMQSEDLADYFCRQYSSYPYTFGGGTKLEIGGGGSGG
GGSGGGGSEVQLQQSGPELVKPGASMKISCKASGYSFSAYTMDWVKQSHGKNLEWI
GLINPYNGGTNYNQEFEGKATLTVNKSSNTAFMELLSLTSDDSAVYYCARRDWDYF
DYWGQGTTLTVSS

Figure 28
DIVMTQSQKFMSTSVGDRVSIICKASQNVGTFVAWYQQKPGQSPKLLVYSASNRYT
GVPDRFTGSGSGTDFTLTINNMQSEDLADYFCRQYSSYPYTFGGGTKLEIGGGGSGG
GGSGGGGSEVQLQQSGPELVKPGASMKISCKASGYSFSAYTMNWVKQSHGKNLEWI
GLINPYNGGTNYNQEFEGKATLTVNKSSNTAFMELLSLTSDGSAVYYCARRDWDYF
DYWGQGTTLTVSS

Figure 29

GGGGSGGGGSGGGGS

Figure 30

LINPYNGGTSYNQKFED

Figure 31

LINPYNGGTNYNQKFED

Figure 32

KASQNVGTALA

Figure 33

SASNRNT

Figure 34

QQYSSYPYT
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Figure 35

EVQLQQSGPELVKPGASMKISCKASGYSFTAYTMNWVKQTHGKNLEWIGLINPYNG
GTSYNQKFEDKATLTVDKSSNTAYMDLLSLTSEDSAVYYCARRDWDYFDYWGQGT
TLTVSSAKTTAPAVYPLAPVCGDTTGSSVILGCLVKGYFPEPVTLTWNSGSLSSGVH

TFPAVLQSDLYTLSSSVTVTSSTWPSQSITCNVAHPASSTKVDKKIETRC

Figure 36

EVQLQQSGPELVKPGASMKISCKASGYSFTAYTMNWVKQTHGKNLEWIGLINPYNG
GTINYNQKFEDKATLTVDKSSNTAYMDLLSLTSEDSAVYYCARRDWDYFDYWGQG
TTLTVSSAKTTAPSVYPLAPVCGDTTGSSVTLGCLVKGYFPEPVILTWNSGSLSSGVH
TFPAVLQSDLYTLSSSVTVTSSTWPSQSITCNVAHPASSTKVDKKIETRC

Figure 37

EVQLQQSGPELVKPGASMKISCKASGYSFTAYTMNWVKQTHGKNLEWIGLINPYNG
GTNYNQKFEDKATLTVDKSSNTAYMDLLSLTSEDSAVYYCARRDWDYFDYWGQG
TTLTVSSAKTTAPSVYPLAPVCGDTTGSSVTLGCLVKGYFPEPVTLTWNSGSLSSGVH
T

Figure 38

DVVMTQSQKFLSTSAGDRVSISCKASQNVGTALAWYQQKPGQSPKLLIYSASNRNT
GVPDRFTGRGFGTDFTLTISNMQSEDLADYFCQQYSSYPYTFGGGTRLEIKRADAAP
TVSIFPPSSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSERQNGVLNSWTDQDSKD
STYSMSSTLTLTKDEYERHNSYTCEATHKTSTSPIVKSFNRNETRC

Figure 39

EVQLQQSGPELVKPGASMKISCKASGYSFTAYTMNWVKQTHGKNLEWIGLINPYNG
GTSYNQKFEDKATLTVDKSSNTAYMDLILSLTSEDSAVYYCARRDWDYFDYWGQGT
TLTVSS

Figure 40

EVQLQQSGPELVKPGASMKISCKASGYSFTAYTMNWVKQTHGKNLEWIGLINPYNG
GTNYNQKFEDKATLTVDKSSNTAYMDLLSLTSEDSAVYYCARRDWDYFDYWGQG
TTLTVSS

Figure 41

DVVMTQSQKFLSTSAGDRVSISCKASQNVGTALAWYQQKPGQSPKLLIYSASNRNT
GVPDRFTGRGFGTDFTLTISNMQSEDLADYFCQQYSSYPYTFGGGTRLEI
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Figure 42
DVVMTQSQKFLSTSAGDRVSISCKASQNVGTALAWYQQKPGQSPKLLIYSASNRNT
GVPDRFTGRGFGTDFTLTISNMQSEDLADYFCQQYSSYPYTFGGGTRLEIGGGGSGG
GGSGGGGSEVQLQQSGPELVKPGASMKISCKASGYSFTAYTMNWVKQTHGKNLEW
IGLINPYNGGTSYNQKFEDKATLTVDKSSNTAYMDLLSLTSEDSAVYYCARRDWDY
FDYWGQGTTLTVSS

Figure 43
DVVMTQSQKFLSTSAGDRVSISCKASQNVGTALAWYQQKPGQSPKLLIYSASNRNT
GVPDRFTGRGFGTDFTLTISNMQSEDLADYFCQQYSSYPYTFGGGTRLEIGGGGSGG
GGSGGGGSEVQLQQSGPELVKPGASMKISCKASGYSFTAYTMNWVKQTHGKNLEW
IGLINPYNGGTNYNQKFEDKATLTVDKSSNTAYMDLLSLTSEDSAVYYCARRDWDY
FDYWGQGTTLTVSS

Figure 44

gecotacaccatgaac

Figure 45

gectacaccatggac

Figure 46

cttattaatccttacaatggtggtactaactacaaccaggagttcgagggc

Figure 47

agggactgggactactttgactac

Figure 48
aaggccagtcagaatgtgggtacttttgtagee
Figure 49

tcggceatccaatcggtacact

Figure 50

cggcaatatagcagctatccgtacacg
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Figure 51

GAGGTCCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCCTGGAGCTTCAATG
AAGATATCCTGCAAGGCTTCTGGTTACTCATTCTCTGCCTACACCATGAACTGGG
TGAAGCAGAGCCATGGAAAGAACCTTGAGTGGATTGGACTTATTAATCCTTACA
ATGGTGGTACTAACTACAACCAGGAGTTCGAGGGCAAGGCCACTTTAACTGTAA
ACAAGTCATCCAACACAGCCTTCATGGAGCTCCTCAGTCTGACATCTGACGACTC
TGCAGTCTATTACTGTGCGAGAAGGGACTGGGACTACTTTGACTACTGGGGCCAA
GGCACCACTCTCACAGTCTCCTCAGCCAAAACAACAACCCCATCAGTCTATCCAC
TGGCCCCTGGGTGTGGAGATACAACTGGTTCCTCCGTGACTCTGGGATGCCTGGT
CAAGGGCTACTTCCCTGAGTCAGTGACTGTGACTTGGAACTCTGGATCCCTGTCC
AGCAGTGTGCACACCTTCCCAGCTCTCCTGCAGTCTGGACTCTACACTATGAGCA
GCTCAGTGACTGTCCCCTCCAGCACCTGGCCAAGTCAGACCGTCACCTGCAGCGT
TGCTCACCCAGCCAGCAGCACCAAGGTGGACAAGAAAATTGAGACGCGTTGT

Figure 52

GAGGTCCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCCTGGAGCTTCAATG
AAGATATCCTGCAAGGCTTCTGGTTACTCATTCTTTGCCTACACCATGAACTGGG
TGAAGCAGAGCCATGGAAAGAACCTTGAGTGGATTGGACTTATTAATCCTTACA
ATGGTGGTACTAACTACAACCAGGAGTTCGAGGGCAAGGCCACTTTAACTGTAA
ACAAGTCATCCAACACAGCCTTCATGGAGCTCCTCAGTCTGACATCTGACGACTC
TGCAGTCTATTACTGTGCGAGAAGGGACTGGGACTACTTTGACTACTGGGGCCAA
GGCACCACTCTCACAGTCTCCTCAGCCAAAACAACACCCCCATCAGTCTATCCAC
TGGCCCCTGGGTGTGGAGATACAACTGGTTCCTCCGTGACTCTGGGATGCCTGGT
CAAGGGCTACTTCCCTGAGTCAGTGACTGTGACTTGGAACTCTGGATCCCTGTCC
AGCAGTGTGCACACCTTCCCAGCTCTCCTGCAGTCTGGACTCTACACTATGAGCA
GCTCAGTGACTGTCCCCTCCAGCACCTGGCCAAGTCAGACCGTCACCTGCAGCGT
TGCTCACCCAGCCAGCAGCACCAAGGTGGACAAGAAAATTGAGACGCGTTGT

Figure 53

GAGGTCCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCCTGGAGCTTCAATG
AAGATATCCTGCAAGGCTTCTGGTTACTCATTCTCTGCCTACACCATGGACTGGG
TGAAGCAGAGCCATGGAAAGAACCTTGAGTGGATTGGACTTATTAATCCTTACA
ATGGTGGTACTAACTACAACCAGGAGTTCGAGGGCAAGGCCACTTTAACTGTAA
ACAAGTCATCCAACACAGCCTTCATGGAGCTCCTCAGTCTGACATCTGACGACTC
TGCAGTCTATTACTGTGCGAGAAGGGACTGGGACTACTTTGACTACTGGGGCCAA
GGCACCACTCTCACAGTCTCCTCAGCCAAAACAACACCCCCATCAGTCTATCCAC
TGGCCCCTGGGTGTGGAGATACAACTGGTTCCTCCGTGACTCTGGGATGCCTGGT
CAAGGGCTACTTCCCTGAGTCAGTGACTGTGACTTGGAACTCTGGATCCCTGTCC
AGCAGTGTGCACACCTTCCCAGCTCTCCTGCAGTCTGGACTCTACACTATGAGCA
GCTCAGTGACTGTCCCCTCCAGCACCTGGCCAAGTCAGACCGTCACCTGCAGCGT
TGCTCACCCAGCCAGCAGCACCAAGGTGGACA:GAAAATTGAGACGCGTTGTCAA
GGGCGAATTCTGCAGATATCCAT



WO 2007/110648 PCT/GB2007/001139
17/27

Figure 54

GAGGTCCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCCTGGAGCTTCAATG
AAGATATCCTGCAAGGCTTCTGGTTACTCATTCTCTGCCTACACCATGAACTGGG
TGAAGCAGAGCCATGGAAAGAACCTTGAGTGGATTGGACTTATTAATCCTTACA
ATGGTGGTACTAACTACAACCAGGAGTTCGAGGGCAAGGCCACTTITAACTGTAA
ACAAGTCATCCAACACAGCCTTCATGGAGCTCCTCAGTCTGACATCTGACGGCTC
TGCAGTCTATTACTGTGCGAGAAGGGACTGGGACTACTTTGACTACTGGGGCCAA
GGCACCACTCTCACAGTCTCCTCAGCCAAAACAACACCCCCATCAGTCTATCCAC
TGGCCCCTGGGTGTGGAGATACAACTGGTTCCTCCGTGACTCTGGGATGCCTGGT
CAAGGGCTACTTCCCTGAGTCAGTGACTGTGACTTGGAACTCTGGATCCCTGTCC
AGCAGTGTGCACACCTTCCCAGCTCTCCTGCAGTCTGGACTCTACACTATGAGCA
GCTCAGTGACTGTCCCCTCCAGCACCTGGCCAAGTCAGACCGTCACCTGCAGCGT
TGCTCACCCAGCCAGCAGCACCAAGGTGGACAAGAAAATTGAGACGCGTTGT

Figure 55

GACATTGTGATGACCCAGTCTCAAAAATTCATGTCCACATCAGTAGGAGACAGG
GTCAGCATCATTTGCAAGGCCAGTCAGAATGTGGGTACTTTTGTAGCCTGGTATC
AACAGAAACCAGGACAATCTCCTAAACTACTGGTTTACTCGGCATCCAATCGGTA
CACTGGAGTCCCTGATCGCTTCACAGGCAGTGGATCTGGGACAGATTTCACTCTC
ACCATCAACAATATGCAGTCTGAAGACCTGGCAGATTATTTCTGCCGGCAATATA
GCAGCTATCCGTACACGTTCGGAGGGGGGACCAAGCTAGAAATAAAACGGGCTG
ATGCTGCACCAACTGTATCCATCTTCCCACCATCCAGTGAGCAGTTAACATCTGG
AGGTGCCTCAGTCGTGTGCTTCTTGAACAACTTCTACCCCAAAGACATCAATGTC
AAGTGGAAGATTGTTGGCAGTGAACGACAAAATGGCGTCCTGAACAGTTGGACT
GATCAGGACAGCAAAGACAGCACCTACAGCATGAGCAGCACCCTCACGTTGACC
AAGGACGAGTATGAACGACATAACAGCTATACCTGTGAGGCCACTCACAAGACA
TCAACTTCACCCATTGTCAAGAGCTTCAACAGGAATGAGACGCGTTGT

Figure 56

GAGGTCCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCCTGGAGCTTCAATG
AAGATATCCTGCAAGGCTTCTGGTTACTCATTCTCTGCCTACACCATGAACTGGG
TGAAGCAGAGCCATGGAAAGAACCTTGAGTGGATTGGACTTATTAATCCTTACA
ATGGTGGTACTAACTACAACCAGGAGTTCGAGGGCAAGGCCACTTTAACTGTAA
ACAAGTCATCCAACACAGCCTTCATGGAGCTCCTCAGTCTGACATCTGACGACTC
TGCAGTCTATTACTGTGCGAGAAGGGACTGGGACTACTTTGACTACTGGGGCCAA
GGCACCACTCTCACAGTCTCCTCA

Figure 57

GAGGTCCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCCTGGAGCTTCAATG
AAGATATCCTGCAAGGCTTCTGGTTACTCATTCTTTGCCTACACCATGAACTGGG
TGAAGCAGAGCCATGGAAAGAACCTTGAGTGGATTGGACTTATTAATCCTTACA
ATGGTGGTACTAACTACAACCAGGAGTTCGAGGGCAAGGCCACTTTAACTGTAA
ACAAGTCATCCAACACAGCCTTCATGGAGCTCCTCAGTCTGACATCTGACGACTC
TGCAGTCTATTACTGTGCGAGAAGGGACTGGGACTACTTTGACTACTGGGGCCAA
GGCACCACTCTCACAGTCTCCTCA
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Figure 58

GAGGTCCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCCTGGAGCTTCAATG
AAGATATCCTGCAAGGCTTCTGGTTACTCATTCTCTGCCTACACCATGGACTGGG
TGAAGCAGAGCCATGGAAAGAACCTTGAGTGGATTGGACTTATTAATCCTITACA
ATGGTGGTACTAACTACAACCAGGAGTTCGAGGGCAAGGCCACTTTAACTGTAA
ACAAGTCATCCAACACAGCCTTCATGGAGCTCCTCAGTCTGACATCTGACGACTC
TGCAGTCTATTACTGTGCGAGAAGGGACTGGGACTACTTTGACTACTGGGGCCAA
GGCACCACTCTCACAGTCTCCTCA

Figure 59
GAGGTCCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCCTGGAGCTTCAATG
AAGATATCCTGCAAGGCTTCTGGTTACTCATTCTCTGCCTACACCATGAACTGGG
TGAAGCAGAGCCATGGAAAGAACCTTGAGTGGATTGGACTTATTAATCCTTACA
ATGGTGGTACTAACTACAACCAGGAGTTCGAGGGCAAGGCCACTTTAACTGTAA
ACAAGTCATCCAACACAGCCTTCATGGAGCTCCTCAGTCTGACATCTGACGGCTC
TGCAGTCTATTACTGTGCGAGAAGGGACTGGGACTACTTTGACTACTGGGGCCAA
GGCACCACTCTCACAGTCTCCTCA

Figure 60
GACATTGTGATGACCCAGTCTCAAAAATTCATGTCCACATCAGTAGGAGACAGG
GTCAGCATCATTTGCAAGGCCAGTCAGAATGTGGGTACTTTTGTAGCCTGGTATC
AACAGAAACCAGGACAATCTCCTAAACTACTGGTTTACTCGGCATCCAATCGGTA
CACTGGAGTCCCTGATCGCTTCACAGGCAGTGGATCTGGGACAGATTTCACTCTC

ACCATCAACAATATGCAGTCTGAAGACCTGGCAGATTATTTCTGCCGGCAATATA
GCAGCTATCCGTACACGTTCGGAGGGGGGACCAAGCTAGAAATA

Figure 61
cttattaatccatacaatggtggtactagctacaaccagaagttcgaggac
Figure 62
cttattaatccttacaatggtggtactaactacaaccagaagttcgaggac
Figure 63

aaggccagtcagaatgtgggtactgetttagee

Figure 64

tcggcatccaatcggaacact

Figure 65

cagcaatatagcagctatccttacacg
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Figure 66

GAGGTCCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCCTGGAGCTTCAATG
AAGATATCCTGCAAGGCTTCTGGTTACTCATTCACTGCCTACACCATGAACTGGG
TGAAGCAGACCCATGGAAAGAACCTTGAGTGGATTGGACTTATTAATCCATACA
ATGGTGGTACTAGCTACAACCAGAAGTTCGAGGACAAGGCCACATTAACTGTTG
ACAAGTCATCCAACACAGCCTACATGGACCTCCTCAGTCTGACATCTGAGGACTC
TGCAGTCTATTATTGTGCAAGAAGGGACTGGGACTACTTTGACTACTGGGGCCAA
GGCACCACTCTCACAGTCTCCTCAGCCAAAACAACAGCCCCAGCGGTCTATCCAC
TGGCCCCTGTGTGTGGAGATACGACTGGCTCCTCGGTGACTCTAGGATGCCTGGT
CAAGGGTTATTTCCCTGAGCCAGTGACCTTGACCTGGAACTCTGGATCCCTGTCC
AGTGGTGTGCACACCTTCCCAGCTGTCCTGCAGTCTGACCTCTACACCCTCAGCA
GCTCAGTGACTGTAACCTCGAGCACCTGGCCCAGCCAGTCCATCACCTGCAATGT
GGCCCACCCGGCAAGCAGCACCAAGGTGGACAAGAAAATTGAGACGCGTTGT

Figure 67

GAGGTCCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCCTGGAGCTTCAATG
AAGATATCCTGCAAGGCTTCTGGTTACTCATTCACTGCCTACACCATGAACTGGG
TGAAGCAGACCCATGGAAAGAACCTTGAGTGGATTGGACTTATTAATCCTTACAA
TGGTGGTACTAACTACAACCAGAAGTTCGAGGACAAGGCCACATTAACTGTCGA
CAAGTCATCCAACACAGCCTACATGGACCTCCTCAGTCTGACATCTGAGGACTCT
GCAGTCTATTATTGTGCAAGAAGGGACTGGGACTACTTTGACTACTGGGGCCAAG
GCACCACTCTCACAGTCTCCTCAGCCAAAACAACAGCCCCATCGGTCTATCCACT
GGCCCCTGTGTGTGGAGATACAACTGGCTCCTCGGTGACTCTAGGATGCCTGGTC
AAGGGTTATTTCCCTGAGCCAGTGACCTTGACCTGGAACTCTGGATCCCTGTCCA
GTGGTGTGCACACCTTCCCAGCTGTCCTGCAGTCTGACCTCTACACCCTCAGCAG
CTCAGTGACTGTAACCTCGAGCACCTGGCCCAGCCAGTCCATCACCTGCAATGTG
GCCCACCCGGCAAGCAGCACCAAGGTGGACAAGAAAATTGAGACGCGTTGT

Figure 68

GAGGTCCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCCTGGAGCTTCAATG
AAGATATCCTGCAAGGCTTCTGGTTACTCATTCACTGCCTACACCATGAACTGGG
TGAAGCAGACCCATGGAAAGAACCTTGAGTGGATTGGACTTATTAATCCTTACAA
TGGTGGTACTAACTACAACCAGAAGTTCGAGGACAAGGCCACATTAACTGTCGA
CAAGTCATCCAACACAGCCTACATGGACCTCCTCAGTCTGACATCTGAGGACTCT
GCAGTCTATTATTGTGCAAGAAGGGACTGGGACTACTTTGACTACTGGGGCCAAG
GCACCACTCTCACAGTCTCCTCAGCCAAAACAACAGCCCCATCGGTCTATCCACT
GGCCCCTGTGTGTGGAGATACAACTGGCTCCTCGGTGACTCTAGGATGCCTGGTC
AAGGGTTATTTCCCTGAGCCAGTGACCTTGACCTGGAACTCTGGATCCCTGTCCA
GTGGTGTGCACACC
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Figure 69

GAGGTCCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCCTGGAGCTTCAATG
AAGATATCCTGCAAGGCTTCTGGTTACTCATTCACTGCCTACACCATGAACTGGG
TGAAGCAGACCCATGGAAAGAACCTTGAGTGGATTGGACTTATTAATCCTTACAA
TGGTGGTACTAACTACAACCAGAAGTTCGAGGACAAGGCCACATTAACTGTCGA
CAAGTCATCCAACACAGCCTACATGGACCTCCTCAGTCTGACATCTGAGGACTCT
GCAGTCTATTATTGTGCAAGAAGGGACTGGGACTACTTTGACTACTGGGGCCAAG
GCACCACTCTCACAGTCTCCTCAGCCAAAACAACAGCCCCATCGGTCTATCCACT
GGCCCCTGTGTGTGGAGATACAACTGGCTCCTCGGTGACTCTAGGATGCCTGGTC
AAGGGTTATTTCCCTGAGCCAGTGACCTTGACCTGGAACTCTGGATCCCTGTCCA
GTGGTGTGCACACC

Figure 70

GACGTTGTGATGACCCAGTCTCAAAAATTCCTGTCCACATCAGCAGGAGACAGG
GTCAGCATCTCCTGCAAGGCCAGTCAGAATGTGGGTACTGCTTTAGCCTGGTATC
AACAGAAACCAGGACAATCTCCTAAACTTTTGATTTACTCGGCATCCAATCGGAA
CACTGGAGTCCCTGATCGCTTCACAGGCAGGGGATTTGGGACAGATTTCACTCTC
ACCATCAGCAATATGCAGTCTGAAGACCTGGCAGATTATTTCTGCCAGCAATATA
GCAGCTATCCTTACACGTTCGGAGGGGGGACCAGGCTGGAAATAAAGCGGGCTG
ATGCTGCACCAACTGTATCCATCTTCCCACCATCCAGTGAGCAGTTAACATCTGG
AGGTGCCTCAGTCGTGTGCTTCTTGAACAACTTCTACCCCAAAGACATCAATGTC
AAGTGGAAGATTGATGGCAGTGAACGACAAAATGGCGTCCTGAACAGTTGGACT
GATCAGGACAGCAAAGACAGCACCTACAGCATGAGCAGCACCCTCACGTTGACC
AAGGACGAGTATGAACGACATAACAGCTATACCTGTGAGGCCACTCACAAGACA
TCAACTTCACCCATTGTCAAGAGCTTCAACAGGAATGAGACGCGTTGT

Figure 71

GAGGTCCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCCTGGAGCTTCAATG
AAGATATCCTGCAAGGCTTCTGGTTACTCATTCACTGCCTACACCATGAACTGGG
TGAAGCAGACCCATGGAAAGAACCTTGAGTGGATTGGACTTATTAATCCATACA
ATGGTGGTACTAGCTACAACCAGAAGTTCGAGGACAAGGCCACATTAACTGTTG
ACAAGTCATCCAACACAGCCTACATGGACCTCCTCAGTCTGACATCTGAGGACTC
TGCAGTCTATTATTGTGCAAGAAGGGACTGGGACTACTTTGACTACTGGGGCCAA
GGCACCACTCTCACAGTCTCCTCA

Figure 72

GAGGTCCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCCTGGAGCTTCAATG
AAGATATCCTGCAAGGCTTCTGGTTACTCATTCACTGCCTACACCATGAACTGGG
TGAAGCAGACCCATGGAAAGAACCTTGAGTGGATTGGACTTATTAATCCTTACAA
TGGTGGTACTAACTACAACCAGAAGTTCGAGGACAAGGCCACATTAACTGTCGA
CAAGTCATCCAACACAGCCTACATGGACCTCCTCAGTCTGACATCTGAGGACTCT
GCAGTCTATTATTGTGCAAGAAGGGACTGGGACTACTTTGACTACTGGGGCCAAG
GCACCACTCTCACAGTCTCCTCA
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Figure 73

GACGTTGTGATGACCCAGTCTCAAAAATTCCTGTCCACATCAGCAGGAGACAGG
GTCAGCATCTCCTGCAAGGCCAGTCAGAATGTGGGTACTGCTTTAGCCTGGTATC
AACAGAAACCAGGACAATCTCCTAAACTTTTGATTTACTCGGCATCCAATCGGAA
CACTGGAGTCCCTGATCGCTTCACAGGCAGGGGATTTGGGACAGATTTCACTCTC
ACCATCAGCAATATGCAGTCTGAAGACCTGGCAGATTATTTCTGCCAGCAATATA
GCAGCTATCCTTACACGTTCGGAGGGGGGACCAGGCTGGAAATA
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