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Compesitions with reduced dimer formation

Field of tke Invention

The present invention relates to the use of a non-reducing carbohydrate or

carbohydrate derivative and at least one agent which inhibits dimer formation in a

freeze-dried composition comprising at least one peptide that contains a free cysteine
residue, to provide a freeze-dried composition with improved long-term storage

stability.

Background of the Invention

There are various methods known in the art that are used to preserve a
perishable material or make the material more convenient for transport. For
pharmaceutical, biotechnological or food materials, a typical method is freeze-drying
(also known as lyophilization or cryodesiccation). This is a dehydration process,
which works by freezing the material and then reducing the surrounding pressure and
adding only enough heat to allow the frozen water in thé material to sublime directly
from the solid phase to gas. The resulting freeze-dried product can then be readily
reconstituted in solution for future use.

The advantage of a freeze-dried product, is that it is generally more stable
during storage and transport and has a longer shelf-life than the equivalent material
in solution. However, there are some problems with freeze-drying, in that damage to-
the material to be preserved can occur during the freezing and drying processes.
These problems are to some extent addressed by the addition of cryoprotectants and
lyoprotectants to the material to be freeze-dried. However, what is less well
recogmised is that some perishable materials, especially peptides that contain at least
one free cysteine residue, are subject to degradation and damage even after
completion of the freeze-drying process. That is, aithough freeze-drying has a
preservative effect, freeze-dried products comprising peptides that comprise at least
one free cysteine residue often have a shorter than desired shelf-life. There is a clear
need for means to improve the stability of freeze-dried compositions comprising such

peptides.



10

15

20

Summary of the Invention

The invention relates to a method of producing a stable freeze-dried composition
comprising at least one peptide that is 8 1o 30 amino acids in length and that comprises
at least one free cysteine residue, said method comprising:

(a) preparing a composition comprising in sofution: (i) trehalose as the sole non-
reducing carbohydrate; (ii) thioglycerol; and (iii} at least one said peptide; and

(b} freeze-drying the composition resulting from step (a).

The resulting freeze-dried composition can be stable for at least 2 years when stored
at a temperature 2-8°C. The invention further relates to a stable freeze-dried
compositioncomprising at least one peptide for tolerisation or immunisation that is 8 to
30 amino acids in length and that comprises at least one free cysteine residue,
thioglycerol and trehalose as the sole non-reducing carbohydrate.

The invention also relates to methods of reconstituting in solution a stable freeze-

dried composition of the invention and to the solutions thus reconstituted.

Description of the Drawings

Figures 1 to 83 show the stability of peptides, stored under different conditions as
indicated, when comprised within different freeze-dried compositions as described in the

Examples (I=trehalose, S=sucrose, M=mannitol, TG=thioglycerol, G=Glycine,

Met=methionine). Time (weeks) is shown on the X-axis. The amount of
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non-degraded peptide present in a solution reconstituted from a given composition is

shown on the Y axis. The amount is shown as a percentage relative to the amount of
a standard of peptide MLAQ7 which has not been freeze-dried.

Each figure shows seven different result sets, corresponding to each of the
following different peptides: MLAOS (dark line, small circular points); MLA12 (dark
line, square points), MLAO3 (light grey line, triangular points); MLA14 (light grey
line, x-shaped points); MLAO1 (dark line, x-shaped points), MLAO4 (dark line, large
circular points); MLAO7 (dark line; vertical line-shaped points). Data was generated
following freeze-drying a mixture of the seven peptides in each composition.

Figure 84 shows the stability at 30°C/65%RH over 12 months of 2 mixture of
the seven pepfides: MLAOS5; MLA12, MLAO3; MLA14; MLAO}; MLAO4 and
MIA07, combrised in the specific compositions described in Example 4, that is
Thioglycerol “low”(diamonds) and Thiglycerol “high” (squares).

Description of the Seguences
SEQ ID NOS: 1 to 83 represent the sequences of peptides which are

particularly preferred for inclusion in the compositions of the invention. SEQ ID
NOS: 84 to 86 represent the sequences of additional peptides which may be included

in the compositions of the invention.

Detailed description of the Invention

Freeze-dryin

Frceie drying is a complex operation where solvent (usually water) is removed
from a product by sublimation. As is well known, sublimation occurs when a frozen
liquid paéses directly into the gaseous phase without passing throﬁgh the liquid
phase. Sublimation is a function of pressure and temperature, the balance of which is
central to successful freeze-drying. |

The freeze drying process consists of three stages: freezing, primary drying and
secondary drying. During the freezing step, the solution is converted to a solid. The
freezing procedure must be cafeﬁlliy controlled since the rate of freezing affects the
size of the ice crystals formed in the product, which can affect product stability and
may also affect the drying rate during the primary and secondary drying phases.
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It is very important to perform the freezing step below a critical temperature.
This temperature is the eutectic temperature (Teut) for crystalline materials or the
glass transition temperature of the maximally freeze concentrated solute (Tg’) for
amorphous products. .

During primary drying, the ice is removed from the frozen product via
sublimation, resulting in a dry, structuraily intact product. This requires careful
control of shelf temperature and chamber pressure 1n the drying device. The rate of
sublimation of ice from a frozen product depends on a variety of factors which will
be appreciated by the person skilled in the art. It 1s important that during primary
drying, the product temperature at the sublimation interface (Tp) must not exceed the
“critical temperature” of the formulation, i.e. it must not attain sufficient fluidity to
flow and thus destroy the structure of the cake. This is also known as the collapse
temperature (Tc) and is typically several degrees higher than the Tg’.

As mentioned above, the critical temperature is Teut for mainly crystalline and
Tg’ or Tc for amorphous materials, Crystalline materials are easy to freeze dry since
Teut is generally high (e.g. Teut of the very popular bulking agent mannitol is -3°C).
Furthermore, the resulting freeze-dried “cake” typically has an attractive appearance
when derived from crystalline materials. However, crystalline materials are often not
well suited to stabilising peptides during the freezing and drying processes. Here,
amorphous sugars, polyols and other excipients are generally used. The drawback is
that the Tg” of these substances generally much lower than eutectic temperatures
(e.g. sucrose: -32‘;(3).

After primary drying is complete, and all ice has sublimed, bound moisture is
still present in the product. The product appears dry, but the residual moisture
content may be as high as 7-8%. Continued drying at higher shelf temperature is
necessary to reduce the residual moisture content to optimum values (for many
formulations < 1%). This process, or secondary drying, is also known as isothermal
desorption as the bound water is desorbed from the product. Secondary drying is
normally continued at a product temperature higher than ambient but still below the
glass transition (Tg} or melting temperature of the formulation.

It will be appreciated that the skilled person understands the need for careful

consideration of the above parameters, with proper consideration given to differences
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5 .
in properties between different compositions and the potential need for trial and error

to establish optimal freezing and drying conditions.

There are several advantages of the freeze drying process to stabilize delicate
products {e.g. proteins, peptides, etc.): For example, properly freeze dried products
often do not need refrigeration, they may be stored at ambient temperatures, and can
rapidly be completely reconstituted with water or another suitable solvent for
injection . A freeze-dried composition would typically be expected to have a stable
shelf Tife of over 2 years. In this context, stable is typically taken to mean that the
freeze-dried composition may be reconstituted without difficulty and that the
reconstituted solution is suitable for pharmaceutical use. Stable is also considered to
be the absence of any change in the physical or cosmetic appearance of the product,
with the exception of break up of the frecze-dried cake, prior to reconstitution,
Suitability for pharmaceutical use is dependent upon the biological material and
specific use in question, but may typically be readily assessed by the skilled person.
In general terms, the biological material in the reconstituted solution would be

expected to have activity comparable to the equivalent material in solution before

. freeze-drying. In the case of a reconstituted solution comprising a peptide or protein,

the reconstituted solution would typically be considered suitable for pharmaceutical
use, particularly for injection, if it is sterile and free from visible particulates.

There are a number of difficulties with freeze-drying which may shorten the
stable shelf-life of a product, sometimes dramatically, particularly for co_mpositions
comprising proteins ar peptides having at least one free cysteine residue. Such
materials may suffer irreversible change, or dcgradation, during the freeze-drying
process, but also after this process, i.é. during storage of the freeze-dried product.

Degradation during the process of freeze-drying may occur during freezing,
during drying, or during both freezing and drying. If product degradation occurs
during freezing, addition of a "cryoprotectant” is typical. Cryoprotectants stabilize
during freezing, but do not necessarily stabilize during lyophilization (i.e., during
hoth freezing and drying). Common cryoprotectants include high concentrations of
disaccharides and some amino acids ( up to 0.5M), and low levels of polyethylene
glycol (<1%, w/w) or other polymers. The term, "lyoprotection", refers to
stabilization during all of the freeze-drying process (i.e., during both freezing and
drying). Such stabilisation is often required for freeze-drying of biological materials
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such as proteins and peptides. This is because complex biological molecules such as

proteins often require a moderate level of residual water to maintain structure and
function Accordingly a “lyoprotectant” may typically be added. Lyoprotectants
known in the art are typically polyhydroxy compounds such as sugars (mono-, di-,
and polysaccharides), polyalcohols, and their derivatives.

By contrast to the above, damage and degradation which occur afier the freeze-
drying process, i.e. during storage or transport of the freeze-dried product, is more
difficult to address. Such damage may take the form of for example, deamidation,
hydrolysation, racemisation, or oxidation; all of which may typically result in
aggregation and/or denaturation of a stored protein or peptide. Oxidaﬁon of the side-
chains of cysteine residues, leading to the formation of disulphide bonds between
motlecules and their subsequent dimerisation is a particular problem. Such damage
may occur slowly over a long period of time, or may occur rapidly during a short-
term change in storage conditions, such as a sudden increase in temperature due to
failure of a chimate control system or even simple seasonal variation in the ambient
femperature.

The present invention addresses the problems of damage and degradation
which occur after the freeze-drying process, in freeze-dried compositions comprising
at least one peptide, specifically a peptide comprising at least one free cysteine

residue, by inhibiting or reducing dimerisation of said at least one peptide.

Freeze-dried compositions of the invention -
The present invention is particularly concerned with freeze-dried

compositions comprising at least one peptide comprising at least one free cysteine
residue. Peptides which are particularly of interest are those which are nseful for
modulating the timmune system, specifically by modulating T-cell responses.

T-cell recognition of antigens requires anti gen presenting cells (APCs) to
present fragments (peptides) of the antigen protein on their cell surface in association
with molecules of the major histocompatibility complex (MHC). T cells use their
antigen specific T-cell receptors (TCRs) to recognise with high specificity the
fragments presented by the APC. Such recognition acts as a trigger to the immune
system to generate a range of responses to eradicate the antigen which has been

recognized.
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Most of the specificity of T cell recognition of the antigen fragments is

provided by a smaller subsequence of amino acids within the fragments. This
subsequence is known as the T cell epitope. Thus, peptides comprising such epitopes
are of interest for use as therapeutic agents to modulate the immune systems of
subjects. In the case of extracellular allergens and auto- or allo-antigens, the peptides
are typically presented on MHC Class I molecules, which are recognized by CD4 T
cells. Accordingly, interest in allergic and auto-~ or allo-immune disorders has
focused on MHC Class II-binding T cell epitopes. However, MHC Class I-binding T
cell epitopes, which are recognised by CD8 T cells, may also be of interest. For
example, where it is required to modulate immune responses to endogenous and/or
intracellular antigens. This may be desirable in the case of certain cancer markers,

peptides from which may be used to induce tumour immunity, or for the treatment of

‘infectious diseases such as those caused by hepatitis and human papilloma viruses.

Administration to subjects of peptide epitopes derived from extracellular
allergens and auto- or allo-antigens has been demonstrated fo result in the induction
of tolerance to the antigen from which the epitope derives. Therapeutic agents based
on such an effect have great potential in the prevention and treatment of allergy, and
auto- or allo-immune diseases where the down-regulation of a specific immune
response is desirable. | |

Administration to subjects of peptide epitopes derived from, for example,
certain proteins associated with cancer or infectious diseases, has been demonstrated
to result in the induction of specific immunity to the antigen from which the epitope
derives. Therapeutic agents based on such an effect have great potential in the
prevention and treatment of diseases where the up-regulation of a specific immune
response is desirable.

Further progress in the use of peptide epitopes to produce tolerance or
immunity to a specific antigen is hindered by a number of problems. One such
problem is that epitope sequences, particularly epitope sequences from -allergens and
auto- and allo-antigens, are often poorly soluble, and are therefore problematic both
to manufacture, to store and to administer to subjects. In particular, peptides
comprising epitope sequences that contain cysteine residues may be vulnerable to
dimerisation or higher order aggregation, leading to an inappropriate immune

response, typicaily inflammation resulting from IgE or IgG binding.
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Accordingly, when peptides comprising such epitopes are comprised within a

freeze-dried composition they are particularly vulnerable to the types of damage and
degradation which occur during transport and storage, i.e. after the freeze-drying
process, as outlined above, This in turn leads to a reconstituted solution which is
unsuitable for its intended pharmaceutical use, since when tolerisation is required the
provocation of an inappropriate immune responses such as inflammation is highly
undesirable. Similarly, when induction of specific immunity is required, the
formation of dimers or higher order aggregates will inhibit binding to the MHC class
I molecules or subsequent binding to the appropriate T-cells thus preventing the

stimulation of T-cell mediated immune responses.

MHC Class II-binding T cell epitopes

As discussed above, interest in peptides for the treatment or prevention of
atlergic and auto- or allo-immune disorders has focused on MHC Class II-binding T
cell epitopes. Such epitopes may also be of interest when the provocation of a
specific immune response is required. The MHC Class [I-binding T cell epitope
comprised in the peptides employed in the invention is typically the minimal amino
acid sequence that is capable of binding to Class II molecules and capable of
stimulating CD4 T cells when presented to T cells in association with Class 11 on the
cell surface. The epitope is typically one that binds to a human MHC class I1
molecule, such as any such molecule mentioned herein.

An MHC Class II molecule consists of two proteins, o and B, each of which is
encoded by a different gene. In humans, there are three clusters of genes encoding
different o, and B proteins. These are the Human Leukocyte Antigen (HLA) clusters,
DR, DQ and DP. Each cluster comprises multiple different A genes encoding
different variant of the o protein and multiple different B genes encoding different
variants of the P protein. The resulting MHC Class I heterodimers are therefore
extremely diverse, and correspondingly so are the T cell epifopes that they bind.

The binding site of MHC Class Il molecules is composed of two separate
proteins which form a cleft. The cleft is open-ended, which in theory allows a
peptide of any length to bind. However, only 9 amino acids can occupy the cleft
itself. The identities of the up to 9 amino acids which occupy the cleft define whether

or not a given peptide will bind to a given MHC Class Il molecule and be available
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for presentation to T cells. These up to 9 amino acids therefore represent the

minimal sequence that is required for MHC Class H-binding. It is generally assumed
that such a sequence will be capable of stimulating T cells when presented to T cells
n association with Class IT on the cell surface. However, this may be confirmed
experimentally by methods standard in the art.

Such methods may typically comprise contacting the epitope with T cellsm a
sample taken from a subject, under conditions which allow the epitope and the T
cells to interact; and then determining whether or not any of the T cells are
stimulated. Determining whether or not the T cells are stimulated may be achieved
by any suitable method, for example by detecting the production of cytokines by the
T cells, wherein cytokine production indicates that T cells have been stimulated.
Suitable cytokines include interferon gamma, interleukin 4 and interleukin 13.
Cytokine production may be detected by any suitable method, for example an
ELISA, ELISPOT assay or a flow cytometric assay. The T cells in a sample from a
subject are typically present in a population of peripheral blood mononuclear cells
(PBMCs) isolated from a blood or serum sample taken from the subject.

The MHC Class II-binding T cell epitope typically consists of 8 or ¢ amino
acids, but may consist of 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 amino
acids, The amino acid sequence of the epitope may be broadly defined by further
reference to the binding site of MHC Class II molecules. This binding site has
specific binding pockets, which corresponding to primary and secondary anchor
positions in the sequence of the binding peptide epitope. The binding pockets are
defined by amino acid positions in the sequence of the MHC Class I molecule, and
are generally not absolutely discriminatory for a specific amino acid in the epitope.
Therefore the peptide binding specificity of any given MHC molecule is relatively
broad. Thus, peptides binding to the same MHC allotype exhibit some degree of
similarity, but there is no requirement for identity.

For the most common human MHC Class II type, HLA-DR, the key anchor
positions for binding to the binding pockets are at positions 1, 4, 6, 7 and 9 of the
peptide epitope (counting from the most N terminal residue occupying the cleft to the
most C terminal). Different HLA-DR alleles which have similar amino acids in their
binding pockets therefore typically bind peptides with similar amino acids at

positions 1, 4, 6, 7 and 9. Accordingly, the region containing an MHC Class II
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binding T cell epitope preferably has amino acids at positions corresponding to

positions 1, 4, 6, 7 and 9 that allow binding to the widest range of HLA-DR alleles.
Examples of characteristic binding properties of different HLA-DR alleles are set out
below: _

DR alleles with Glycine at position 86 of the § chain show strong preferences
for large hydrophobic side chains (Trp, Tyr, Phe) at peptide position I, whereas
Valine at position 86 restricts the pocket size and alters the preferences to small
hydrophobic side chains (Val and Ala) at this position, Medium sized hydrophobic
amino acids Leu and Ile are well accepted in all DR alleles.

DR alleles with Gln at position 70, Lysine at position 71, and Arginine or Gln
at position 74 of the B chain have an overall positive charge within pocket 4, which
requires negatively charged amino acids Asp and Glu at position 4 of the binding -
peptide (as in for example, DRB1*0301). DR alleles with this motif are associated
with two autoimmune diseases: systematic lupus erythematosus and Hashimoto’s
thyroiditis.

DR alleles with Gln or Arg at position 70, Arg or Lys at position 71 and Glu or
Ala at position 74 of the B chain bind similar peptides to those directly above since
the only significant difference is at position 74. However, \;vhen Ala is present at
position 74, pocket 4 increases in size and can accommodate larger amino acids such
as Phe, Trp, and lle (as in for example DRB1*0401, 04, 05). Alleles bearing Glu at
position 74 are expected to allow small polar residues, like Ser and Thr at position 4
of the binding peptide. DR alleles with this motif are associated with a susceptibility
to theumatoid arthritis. "

DR alleles with Asp at position 70, Glu or Arg at position 71, and Leu or Ala at
position 74 of the B chain exclude peptides with negatively charged amino acids at
peptide posttion 4 (for example DRB1*0402). This is due to the presence of Asp at
position 70. DR alleles with this motif are associated with the autoimmune diseases
Juvenile theumatoid arthritis (JRA), pemphigus vulgaris, and allergic
bronchopulmonary disease / syndrome.

Polymorphisms at position 9 of the § chain define the size of binding pocket 9
in all ﬁR alleles. Alleles with Trp at this position accept only small amino acids in
position 9 of the binding peptide, e.g. Ala, Val, Gly, Ser, Thr, Pro (as in for examplé
DRB1*0101 and *1501). Glu at position 9, in combination with Asp at position 57,
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makes pocket 9 negatively charged, facilitating the accommodation of positively

charged amino acids, such as Lys (as in for example DRB1*0401 and *0404) and
Histidine (as in for example DRB1*0402). In most MHC class I alleles, Asp at
position 57 makes a salt-bridged hydrogen bond with Arg at position 76, allowing
the pocket to also accommodate aliphatic and polar amino acids. In cases where Asp
at position 57 is replaced by Ser (for example DRB1*0405) or Ala (DQ8), the
hydrogen bonding network is destroyed and Arg at position 76 can strongly attract
negatively charged amino acids such as Asp or Glu at position 9 of the binding
peptide (as in for example DRB1¥0405).

An example of a preferred sequence for an epitope therefore has Trp, Tyr,
Phe, Val or Ala at position 1; Asp, Glu, Ser or Thr at position 4; and Ala, Val, Gly,
Ser, Thr, Pro at position 9. A further example of a preferred sequence for an epitope
has a large aromatic or hydrophobic amino acid at position 1, for example Tyr, Phe,
Trp, Leu, Ile or Val, and a small, non-charged amino acid at position 6, for example
Ser, Thr, Ala, Pro, Val, Tle or Met. Approximately 87.5% of peptides binding to all
or a combination of the MHC Class II molecules encoded by the DRB1*0101, *0401
and *0701 alleles contain this motif. Furthermore, since T cell epitopes derived from
allergens and autoimmune antigens do not typically contain a large number of
repeats of a given amino acid or amino acids, preferred epitopes typically comprise
at least 5, 6, 7 or § different amino acids.

The precise amino sequence of an epitope may be predictéd by computer-
based algorithms and confirmed by in vitro biochemical analysis. Suitable
comumercially available algorithms include the EpiMatrix algorithm (EpiVax Inc.).
Other algorithms are available at, for example
http://www.imtech.res.in/raghava/propred/ and
http://www.imtech.res.in/raghava/mhc2pred/. Analysis with these algorithms
typically comprises parsing a larger polypeptide sequence into multiple overlapping
small peptides. The sequences of these small peptides are then analysed using ihe
algorithm to identify those which are predicted to bind MHC Class I molecules. The
overlapping small peptides are typically 9-mers.

The candidate peptides which score most highly in this analysis are then
assessed for the ability to bind a panel of MHC Class II molecules encoded by

different Class Il alleles in vitro using standard binding assays. For example a



10

15

20

25

30

12
competitive MHC class I1 binding assay may be used, wherein each peptide is

analysed for its ability to displace a known control binder from each of the human
MHC class 11 allotypes investigated. In such an assay each peptide is assigned an
IC50 value (the concentration at which 50% inhibition of control peptide binding is
achieved). The lower the IC50 the higher the affinity of a peptide for a given MHC
class Il allotype.

The epitope or epitopes in a polypeptide are taken to be those peptides which
show the highest binding affinity to MHC Class Il molecules. Particularly preferred
epitopes show high affinity binding to different Class II molecules encoded by more
than one preferably two, more preferably three, four or five MHC Class II alleles.

Particularly preferred epitopes are those which are comprised in regions which

are prone to dimer formation. These regions are defined in a separate section below.

MHC Class I-binding T cell epitopes

As discussed above, MHC Class-1 binding epitopes are usually of more interest
for the provocation of a specific immune response (such as tumour mmunity or the
induction of immune responses against infectious disease causing agents). The MHC
Class I-binding T cell epitope comprised in the peptides employed in the invention is
typically the minimal amino acid sequence that is capable of binding to Class [
molecules and capable of stimulating CD8 T cells when presented to T cells in
association with Class I on the cell surface. The epitope is typically one that binds to
a human MHC class I molecule, such as any such molecule mentioned herein.

An MHC Class I molecule consists of a heavy peptide chain noncovalently
linked to a smaller peptide called B,—microglobulin. The heavy peptide chain is
organized into three large globular domains, al, 2 and a3, and a smaller
transmembrane and intracellular region. The heavy peptide chain is encoded by a
single gene. In humans, there are three major clusters of genes encoding different
Class I heavy chains, and three minor clusters. These are the Human Leukocyte
Antigen (HLA) clusters, HLA-A, HLA-B, HLA-C (major) and HLA-E, HLA-F and
HLA-G (minor). Each cluster comprises multiple different genes encoding different
variant of the heavy chain. The resulting MHC Class I proteins are therefore very

diverse, and correspondingly so are the T cell epitopes that they bind.
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The binding site of MHC Class I molecules is formed by the cleft between the

ol and o2, domains (those furthest from the cell membrane). The cleft is a closed
pocket, and typically a peptide binding in the cleft has a maximum length of upto 12
amino acids. The identities of the upto 12 amino acids which occupy the cleft define
whether or not a given peptide will bind to a given MHC Class I molecule and be
available for presentation to T cells. These amino acids therefore represent the
minimal sequence that is required for MHC Class I-binding. It is generally assumed
that such a sequence will be capable of stimulating T cells when presented to T cells
in association with Class I on the cell surface. However, this may be confirmed
experimentalty by methods standard in the art usually equivalent methods to those
set out above for Class I epitopes.

The MHC Class I-binding T cell epitope typically consists of between 6 and 12,
more usually between 8 and 12 amino or 8 and 10 amino acids. The epitopes may
consist of &, 9, 10, 11 or 12 amino acids. Most typically, the epitopes are ¢ amino
acids in length. The amino acid sequence of the epitope may be broadly defined by
further reference to the binding site of MHC Class I molecules. The closed nature of
the MHC Class I binding cleft means that the residues at each terminus of a Class [
epitope are particularly important for recognition. The amino-terminal amine group
of the peptide makes contact with an invariant site at one end of the peptide groove,
and the carboxylate group at the carboxy terminus binds to an invariant site at the
other end of the groove. However, these invariant are generally not absolutely
discriminatory for a specific amino acid in the epitope. Therefore the peptide binding
specificity of any given MHC molecule is relatively broad. Thus, peptides binding to
the same MHC allotype exhibit some degree of similarity, but there is no
requirement for identity. Even so, typically, Class I epitopes have a hydrophobic or
basic carboxy terminus and an absence of proline in the extreme amino terminus.
The epitope lies in an extended confirmation along the groove with further contacts
between main-chain atoms and conserved amino acid side chains that line the
groove, Variations in length are accommodated by a kinking in the peptide
backbone, often at proline or glycine residues.

Particularly preferred epitopes are those which are comprised in regions which

are prone to dimer formation. These regions are defined in a separate section below.
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Regions containing at least one T cell epitope

Biochemical assays for the identification of a T cell epitope are not typically
able to define the position of the minimal epitope sequence within a larger sequence
more accurately than to within approximately 10 to 12 amino acids, and more
typically 15, 20 or more amino acids. The reason for this is that a large sequence
must be physically fragmented into smaller overlapping peptides, or smaller
overlapping peptides must be manufactured de novo prior to in vitro assessment of
the ability of these peptides to bind MHC molecules. The skilled person will
recognise that the smaller the overlapping peptide fragments used, the more time-
consuming and labour intensive is the process of manufacture. Hence epitopes are
often identified as being contained within a larger polypeptide region. It is envisaged
that the peptides employed in the invention may comprise such a larger region.

Accordingly, in the peptides employed in the invention, the region containing a
T cell epitope is typically 8 or 9 amino acids in length, but may be 6, 7, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 or 25 amino acids in length. In the case
of MHC Class-I binding T cell epitopes, it will be understood that processing of the
region may be required before the epitope can be presented on the MHC molecule.

Antigen processing prior to presentation on MHC Class I molecules is a well-known

The region containing a T cell epitope is typically a sequence which 1s prone to
dimer formation, This will be understood to include both homodimer formation (i.e.
association of peptide monomers with other identical peptide monomers) and
heterodimer formation (i.e. association of peptide monomers with different peptide
monomers). It will also be understood that by a sequence prone to dimer formation,
it is also intended to refer to sequences which are prone to form higher order
oligomers, such as trimers, tetramers and the like. The region may comprise or
consist of any sequence which is prone to dimer formation. The particular amino
acid sequence within a given region which promotes dimer formation may be
comprised within the mimimal MHC class II-binding sequence of the T cell epitope,
or may be comprised within the residues which flank this sequence. The sequence
prone to dimer formation may thus consist entirely of the minimal MHC binding

sequence of the T cell epitope.
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The present invention is particularly concerned with the formation of covalent

dimers between cysteine containing peptides. Accordingly, preferred sequences
comprise at least one cysteine residue. The skilled person will appreciate that any
peptide that contains a single cysteine residue may form dimers, either with itself, or
with other cysteine containing peptides with which it may be contacted. Peptides
that contain two or more cysteines have the potential to form long chains which may
then aggregate. Such dimer / aggregate formation leads to the risk of IgE or IgG
binding and thus having a local inflammatory response. Accordingly, a preferred
region containing a T cell epitope typically derives from a protein with a high
proportion of cysteine residues. For example, the region may derive from a protein
having greater than 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,34 or 35%
cysteine residues as a proportion of the total number of amino acid residues in the
protein. The region is preferably selected from a sequence within such a protein that
has a lower proportion of cysteine residues. Accordingly, the region may comprise
up to a maximum of 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20%
cysteine residues as a proportion of the total number of amino acid residues in the
region. The cysteine residues may be comprised in the minimal MHC binding
sequence of the epitope, or may be comprised in the residues which flank this

segquence.

Other sequences prone to dimer formation may be identified by in silico
analysis using snitable computational methods, or by in vitro analysis using suitable
laboratory methods which quantify the proportion of a sequence which is present in
monomeric or dimeric form as set out below. For a sequence that is prone to
dimerisation the proportion of sequence present as a dimer may be minimal, i.e. less
than about 0.5% or 1% in the solid state, but this will typically increase over time to
at least about 0.5%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80% or 90% for material stored in solution for a suitable period of
time under suitable conditions. Suitable periods of time and conditions include
ranges of time and conditions under which a skilled practitioner might reasonably
expect to keep a sequence in solution prior to use. For example, periods of time of
about 24 hours, about 48 hours, or about 72 hours are typical, although some
solutions may be kept for longer periods for example, at least a week, a month, 6

months, ! year, 2 years, 3 years or more. Storage conditions may typically be room
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temperature and relative humidity, or typically 25°C and 60% relative humidity, but
could include any standard storage conditions encountered by the skilled person, for
example approximately 5£3°C, -20°C, or —80°C.

The sensitivity of the immune system is such that only a small proportion of
dimer is considered likely to trigger an undesirable immune response.

For the assessment of the proportion of a sequence present in a given form a
suitable method is, for example, analytical gel electrophoresis under non-denaturing
conditions. In such a method, a solution of the sequence is run in a polyacrylamide
gel, alongside a set of standard molecular weight markers. If the sequence forms
dimers, a protein band will be observed in the gel corresponding to a species with a
molecular weight approximately twice that calculated for the sum of the amino acids
of the sequence. (Similarly, any trimers or tetramers present will be observed as
bands corresponding to species with molecular weights approximately three or four
times that calculated for the sum of the residue weights of an amino acids of the
sequence). Since it is rare that 100% of a sequence is present in oligomeric form, a
second band may also be observed corresponding to a species with approximately the
molecular weight calculated for the sum of the amino acids of the sequence — this
represents the sequence in monomeric form. The relative intensities of the bands
may be used to quantify the proportion of the sequence which is present in each
form. Similar methods may assess molecular weight by alternative means, for
example, analytical centrifugation, mass spectrometry or size exclusion
chromatography. Alternatively, oligomers may be quantified using reverse phase
high performance liquid chromatography (RP-HPIL.C) where the dimers and higher
oligomeric species are separated from the monomers based on differences m their
hydrophobicities. Identification of the species is achieved using mass spectrometric
detection. The same methods may be adapted to assess whether a given peptide
shows a tendency to heterodimerise with any other peptide or molecule.

Additionally, the region containing a T cell epitope may have a solubility of
less than 3.5mg/ml in aqueous solution at pH 2.0 to 12.0, orpH 2.0 t0 11.0, pH 2.0 t0
10.0, pH 2.0 to 9.0, pH 2.0 to 8.0 or pH 2.0 to 7.0; and/or comprise 1,2, 3 or 4
cysteine residues; and/or have an isoelectric point lower than 4.5; and / or have a
GRAVY score above +0.25. These parameters may be assessed by any suitable
method. For example, solubility may be assessed by standard in vitro methods,
GRAVY and
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isoelectric point may be assessed in silico using suitable computational methods,
such as the ProtParam tool (Gasteiger E. et al pp.571-607 The Proteomics Protocols
Handbook, Humana Press (2005); John M. Walker {(ed})) which is available at
http://www.expasy.ch/tools/protparam.html.

Peprides

The peptide employed in the invention may comprise or consist of the native
sequence of the region as defined above or may comprise or consist of the native
sequence of the region engineered to reduce dimer formation or improve solubility.
However, in the context of a region which has been engineered, it will be understood
that the present invention is particularly applicable to those peptides which may still
undergo an unacceptable level of dimer formation. Such peptides will typically still
comprise at least one cysteine residue.

Where a region is engineered to reduce dimer formation, this will typically be
by modification of its native sequence. Particularly preferred modifications are
whereimn:

- at least one cysteine residue in the native sequence of the region is replaced
with serine, 2-aminobutyric acid, alanine or glycine; and /or

- at least one cysteine residue in the native sequence of the region is
cysteinylated to create a cystine residue.

It will be understood that peptides employed in the invention are intended to
encompass certain variants of said peptides. Other than the engineering to reduce
dimer formation discussed above, other modifications to the native amino acid
sequence of a peptide may be made. For example to one, two, three, four, or five
amino acids in the sequence of a peptide. Any such modifications will fypically be
conservative, in that if an amino acid in the native sequence is replaced with a
different amino acid, the different amino acid will typically have similar properties to
the native amino acid. The table below shows the properties of amine acids.
Molecular weights are shown alongside the 3-letter code for each amino acid. The
molecular weights given are those of the neutral, free amino acids; residue weights
can be obtained by subtraction of one equivalent of water {18 g/mol). Variant
peptides also includes peptides containing N- and C-terminals modified or blocked to

reduce or inhibit degradation by exopeptidase enzymes.
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Ala 8% | Aliphatic, hydrophobic, neutral | Met 149 | hydrophobic, neutral

Cys 121 | polar, hydrophobic, neutral Asn 132 | polar, hydrophilic, neutral

Asp 133 | polar, hydrophilic, charged (-) Pro 113 | hydrophobic, neutral

Glu 147 | polar, hydrophilic, charged (-) Gin 146 | polar, hydrophilic, neutral

Phe 165 | Aromatic, hydrophobic, neutral | Arg 174 | polar, hydrophilic, charged (+)

Gly 75 | Aliphatic, neutral Ser 105 | potlar, hydrophilic, neutral
His 155 | aromatic, polar, hydrophilic, Thr 119 | polar, hydrophilic, neutral
charged ()

e 131 | Aliphatic, hydrophobic, neutral | Val 117 | aliphatic, hydrophobic, neutral

Lys 146 | polar, hydrophilic, charged{+) Trp 204 | aromatic, hydrophohic, neutral

Leu 131 | Aliphatic, hydrophobic, neutral | Tyr 18! | aromatic, polar, hydrophobic

10

15

20

The residue or residues which are modified may be comprised in any part of the
sequence of the region. In one embodiment the residue or residues which are
modified are not comprised in the minimal MHC binding sequence of the region. In
a preferred embodiment, the modification does not create a new epitope or affect the
MHC binding properties of the region.

The peptide employed in the invention typically contains from 8 to 30 amino
acids, and may contain 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26,27, 28 or 29 amino acids. It will be appreciated that the peptide may consist
entirely of the region as defined above, or may comprise additional amino acids
flanking the region upto a maximum of 30 amino acids.

Peptides longer than 30 amino acids are likely to possess sufficient tertiary
structure to cross-link IgG or IgE on cell surfaces resulting in undesirable immune

responses such as B cell activation or mast cell degranulation.

Peptide synthesis

The peptides employed in the invention are derived in an intellectual sense
from the polypeptide which comprises the region as defined above. This is done by
maling use of the amino acid sequence of the region and synthesising peptides based
on the sequence. Peptides may be synthesised using methods well known in the art.
Preferred methods include solid-phase peptide synthesis technigues and most

preferably an automated or semiautomated peptide synthesizer. Typically, using such
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techniques, an a~N-carbamoyl protected amino acid and an amino acid attached to
the growing peptide chain on a resin are coupled at room temperature in an inert
solvent such as dimethylformamide, N-methylpyrrolidinone or methylene chloride in
the presence of coupling agents such as dicyclohexylcarbodiimide and 1-
hydroxybenzotriazole in the presence of a base such as diisopropyl-ethylamine. The
a-N-carbamoyl] protecting group is remmoved from the resulting peptide-resin using a
reagent such as trifluoroacetic acid or piperidine, and the coupling reaction repeated
with the next desired N-protected amino acid to be added to the peptide chain.
Suitable N-protecting groups are well known in the art, and include t-
butyloxycarbonyl (tBoc) and fluorenylmethoxycarbonyl (Fmoc).

The term "peptide” includes not only molecules in which amino acid residues
are joined by peptide (-CO-NH-} linkages but also molecules in which the peptide
bond is reversed. Such retro-inverso peptidomimetics may be made using methods
known in the art, for example such as those described in Meziere et al (1997) J.
Immunol.159, 3230-3237, This approach involves making pseudopeptides containing
changes involving the backbone, and not the orientation of side chains. Meziere et al
(1997) show that, at least for MHC class IT and T helper cell responses, these
pseudopeptides are useful. Retro-inverse peptides, which contain NH-CO bonds
instead of CO-NH peptide bonds, are much more resistant to proteolysis.

Similarly, the peptide bond may be dispensed with altogether provided that an
appropriate linker moiety which retains the spacing between the carbon atoms of the
amino acid residues is used; it is particularly preferred if the linker moiety has
substantially the same charge distribution and substantially the same planarity as a
peptide bond. It will also be appreciated that the peptide may conveniently be
blocked at its N-or C-terminus s0 as to help reduce susceptibility to exoproteolytic
digestion. For example, the N-terminal amino group of the peptides may be
protected by reacting with a carboxylic acid and the C-termmal carboxyl group of the
peptide may be protected by reacting with an amine. Other examples of
modifications include glycosylation and phosphorylation. Another potential
modification is that hydrogens on the side chain amines of R or K may be replaced
with methylene groups (-NH: replaced with -NH(Me) or -N(Me)z).

Peptide analogues which may be employed in the invention include peptide

variants that increase or decrease the peptide’s half-life in vivo. Examples of
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analogues capable of increasing the half-life of peptides used according to the

invention include peptoid analogues of the peptides, D-amino acid derivatives of the
peptides, and peptide-peptoid hybrids. A further embodiment of the variant
polypeptides used according to the invention comprises D-amino acid forms of the
polypeptide. The preparation of polypeptides using D-amino acids rather than L-
amino acids greatly decreases any unwanted breakdown of such an agent by normal
metabolic processes, decreasing the amounts of agent which needs to be

administered, along with the frequency of its administration.

Peptides of interest

Peptides of interest typically comprise at least one free cysteine residue.
“Free” typically means that the cysteine residue is available for chemical
modification and/or dimerisation with other cysteine-containing peptides in the
absence of an agent which inhibits dimer formation. In other words, a free cysteine
is one that contains a thiol group in it's reduced from (-SH) and which is able to
undergo an oxidation reaction with another cysteine with a thiol group also in the
reduced form (-SH) to form a disulfide bond (-S-S-), in the absence of an agent
which inhibits dimer formation.

Peptides of interest also typically comprise a region comprising at least one
MHC-binding T cell epitope derived from an allergen or allo-antigen. Thus, an
agueous solution comprising the peptides of interest is typically capable of inducing
a late phase response in an individual that is sensitised to the allergen. The term "late
phase response” includes the meaning as set forth in Allergy and Allergic Diseases
(1997) A. B. Kay (Ed.), Blackwell Science, pp 1113-1 130. The late phase response
may be any late phase response (LPR). Preferably, the compositions comprising an
epitope derived from 2 protein allergen are capable of inducing a late asthmatic
response (LAR) or a late rhinitic response, or a late phase skin response or a late
phase ocular response. Whether or not a particular composition can give rise to a
LPR can be determined using methods well known in the art; a particularly preferréd
method is that described in Cromwell O, Durham SR, Shaw RJ, Mackay J and Kay
AB. Provocation tests and measurements of mediators from mast cells and basophils
in asthma and allergic rhinitis. In: Handbook of Experimental Immunology (4)
Chapter 127, Editor: Weir DM, Blackwell Scientific Publications, 1986.Thus,
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preferably, the individual compositions of the invention are able to induce a LPR in

an individual who has been sensitised to the protein allergen from which the epitope
derives.

Whether or not an individual has been sensitised to the protein from which
the epitope derives may be determined by well known procedures such as the
detection of antibodies in the individual’s blood or serum which are specific for the
protein. Where the epitope derives from an allergen, suitable tests for sensitisation to
the allergen include skin prick testing with solutions of protein extracts, induction of
cutaneous LPRs, clinical history, allergen challenge and radioallergosorbent test
(RAST) for measurement of protein specific IgE. Whether or not a particular
individual is expected to benefit from treatment may be determined by the physician
based, for example, on such tests or determinations. |

Desensitising or tolerising an individual to the protein from which the epitope
derives means inhibition or dampening of immunological tissue reactions induced by
said protein in appropriately sensitised individuals. It has been shown that T cells
can be selectively activated, and then rendered unresponsive. Moreover the
anergising or elimination of these T-cells leads to desensitisation of the patient for a
particular protein. The desensitisation manifests itself as a reduction in response to a
protein or protein-derived peptide, or preferably an elimination of such a response,
on second and further administrations of the protein or protein-derived peptide. The
second administration may be made after a suitable period of time has elapsed to
allow desensitisation to occur; this is preferably any period between one day and
several weeks. An interval of around two weeks is preferred.

Althongh the compositions of the invention are able to induce a LPR in an
individual who has beén sensitised to the protein, it should be appreciated that when
a compo_sition is used to treat a patient it is preferable that a sufficiently low
concentration of the composition is used such that no observable LPR will occur but
the response will be sufficient to partially desensitise the T cells such that the next
(preferably higher) dose may be given, and so on. In this way the dose is built up to
give full desensitisation but often without ever inducing a LPR in the patient.
Although, the composition or peptide is able to do so at a higher concentration than

is administered.
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The composition of the invention typically has a reduced ability to provoke

an early phase response in an individual. By “reduced ability to provoke an early
phase response”, it will be understood that the composition of the invention will
result in a lower severity of early phase symptoms (such as basophil or mast cell
degranulation) relative to a composition comprising a peptide comprising the same
region as that in the composition of the invention, but without modification of its
sequence to reduce dimer formation, and lacking an agent which reduces dimer
formation. Accordingly, the composition of the invention will produce a lesser early
phase response than an equivalent peptide predominantly present in dimeric form.
The peptide is equivalent because it comprises the same MHC Class II-binding T cell
cpitope.

Alternatively or additionally, the composition of the invention typically has
an improved ability to induce tolerance in an individual, By “improved ability to
induce tolerance”, it will be understood that the composition of the invention will
produce a greater fevel of désensitisation in an individual than a composition
comprising a peptide comprising the same region as that in the composition of the
invention, but without modification of its sequence to reduce dimer formation, and
Jacking an agent which reduces dimer formation. Accordingly, the composition of
the invention will produce a greater level of desensitisation than an equivalent
peptide predominantly present in dimeric form. The peptide is equivalent because it
comprises the same MHC Class [-binding T cell epitope.

Desensitisation is as defined above, and its level may be characterised by any
suitable means. For example, in allergic asthma, a smaller LAR produced in
response to inhalation of the protein from which the epitope derives (or a protein-
derived peptide) would indicate a greater level of desensitisation following treatment
with the composition of the invention. The size of 2 LAR can be assessed by any

suitable means in the art, for exampie, detection of the reduction in Forced Expired

* Volume (FEV) of an individual post-administration of protein. A greater reduction

in FEV indicates a larger LAR. The composition of the invention preferably resuits

in an LAR at least 10%, 20%, 30%, 40% or 50% smaller than a composition

comprising an equivalent peptide predominantly present in dimeric form.
Alternatively, a greater level of desensitisation may be indicated by a greater

reduction in the protein-specific production by T cells of inflammatory cytokines
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such as interferon gamma, interleukin 4 and interleukin 13. Cytokine production by

T cells may be detected by any suitable method, for example an ELISA, ELISPOT !
assay or flow cytometric assay. Particularly preferred methods inciude Multiplex
bead array assays as described in, for example de Jager ef al; Clinical and Diagnostic
Laboratory Immunology, 2003, Vol 10(1) p. 133-139. By “a greater reduction”, it is
preferred that treatment with the composition of the invention will result in the
production of preferably at least 10%, 20%, 30%, 40% or 50% less inflammatory
cytokines than a composition comprising an equivalent peptide predominantly
present in dimeric form.
Preferred compositions of the invention comprise at least one peptide

comprising or consisting of an epitope which derives from:

an allergen selected ﬁo:ﬁ: a plant allergen (particularly a grass allergen), animal
dander allergens, a mold or fungal allergen, a dust allergen, an antibiotic or other
drug, a stinging insect venom, an environmental allergen or a food allergen; or

-an antigen selected from the major antigens associated with Acute disserninated
encephalomyelitis (ADEM); Addison's disease; Ankylosing spondylitis;
Antiphospholipid antibody syndrome (APS); Aplastic anemia; Autoimmune
hepatitis, Autoimmune Oophoritis; Coeliac disease; Crohn's disease; Diabetes
mellitus type 1; Gestational pemphigoid; Goodpasture's syndrome; Graves' disease;
Guillain-Barré syndrome {GBS); Hashimoto's disease; Idiopathic thrombocytopenic
purpura; Kawasaki's Disease; Lupus erythematosus; Multiple sclerosis; Myasthenia
gravis; Narcolepsy, Opsoclonus myoclonus syndrome (OMS); Optic neuritis; Ord's
thyroiditis; Pemphigus; Pernicious anaemia; Polyarthritis in dogs; Primary biliary
cirrhosis; Rheumatoid arthritis; Reiter's syndrome; Sjégren's syndrome; Takayasu's
arteritis; Temporal arteritis (also known as "giant cell arteritis"); Warm autoimmune
hemolytic anemia; or Wegener's granulomatosis

Particularly preferred epitopes derive from isoforms of: cat dander protein Fel
d1; House dust mite proteins Derp 1, Derp 2, Derp 7, Derp 3 to 15, Der p 18, 20,
21 and 23, Der £1,2,7,10,11 to 18 and 20 to 22; Ragweed proteinamba [, 2, 3, 5, 6,
7, 8, 9 and isoforms thereof including amb a 1.1, 2 1.2, al.3 or al.4; Rye grass
proteins lol pl and lol p5; Timothy grass proteins phi pl and phl p5; Bermuda grass
protein Cyn d 5; Alternaria alternata proteins Alta 1, Alta 2, Alta3 to Alta 10, Alt
al2 Altal3 and Enolase (Alta 6),Clah 1,2, 5t0 10, 12, GST,HCh1, HSP70,
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NTF2, TCTP; Birch protein Bet v1, 2, 3, 4, 6, 7, 8 and P14; German Coclxoach
proteins Blag1,Blag?2,Blag3,Blag4,Blag5andBlag 6,7,8,9, GSTDI,
Trypsin; Mugwort protein Art v 1; Russian thistle protein Sal k 1, Sal k 2 and Sal k
8; peanut Ara h1, Ara h2, Ara h3, Ara h4, Ara hS, Ara h6, plant profilins or lipid

transfer proteins or a human leukocyte antigen.

Particularly preferred peptides comprise or consist of the sequences of (ordered

by reference to the relevant allergic or aufo/alloimmune disorder):

Cat allergy

MLAOL
MLAO4
MLAOS
MLAL2
MLALS

CPAVERDVDLFLT
KALPVVLENARILEKNCV
RILKNCVDAKMTEEDKE
TAMKKIQDCYVENGLL
188 SKDCMGEAVQNTV

House Dust Mite allergy

EDMO2
HDMO3C
HDMOGA
HDM1S%
HDM2 6
HDMZ20
HDM 100
HDM101
HDM102
HDM2034
HDMtrel
HOMtre2

RTVTPIRMQGGCG
RNQSLDLAEQELVDCASQH
RYVAREQSCRRPN
DOQVDVEKDCANHETKK
GVLACATATHRKIR
CITHRGKPFQLEA
RFGISNYCQIYPPNVNK
NYCQIYPPNVNKIREA
NAQRFGISNYCQIL
DLROMRTVIPIRMQGGCGS
OESYYRYVAREQSCRRENAQRF
EPCIIHRCGKPFQLEAVFEANQON

Ragweed allergy

REGWO2A

RGWO2E
RGWOBX
RGWOBA
RGWOBEB
RGW12

Transplant rejection (HLA Class I}

TRA3O0
TRA31
TRA3Z
TRA3S
TRA4Q

GSSQIWIDHCSLSKS
GESQIWIDHCSLSKA
GSSHEVTVSNCKF
GSTHVTISNCKF
GSTHFTVSNCLF
DECWRGKADWAENRKALADCA

HAVSDHEATLRCWAL
HPISDHEATLRCWAL
HPVSDHEATLRCWAL
RCWALSFYPAEITLT
RCWALGFYPAEITLT

SEQ ID:

U o W NS

18
19
20
21
22
83

23
24
25
26
27

{(Neonatal) Alloimmune Thrombocytopernia {Glycoprotein IITa}

AIT
AlTa
NAITOL
NAITO1A
NAITOZ
NAITOZA
NALTOZB

VSPMCAWCSDEALPLGS PRUDLKENLLKD

VSPMCAWCSDEALPL
AWCSDEALPL
AWCSDEALPLGSPR
AWCSDEALPLGSPRCDLK
AWSSDEALPLGSPRCDLK
AWGSDEALPLGSFRCDLK

28
29
30
31
32
33

34
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NATITO2C
NAITQ2D
AITOZ2
ATT47
AITE3
AIT7O
ATT77

EBhesus D hemolytic disease of the newborn

RHDZ8

25
AWCSDEALPLGSPRSDLK
AWCSDEALPLGSPRGDLK
TTRGVSSCOQCLAVS
DLPEELSLSFNATCL
FEKODSLIVOVTFDCDC
PGSYEDTCEKCPTCP
DDCVVRFQYYEDESG

AYFGLSVAWCLPEPL

Hemophilia (Factor VIII)

FACO1
FAC04
FACO6
FACO7
FAC12
FAC30
FAC42
FAC47
FACal

LOLIRFCFSATRRYYLGAVELSWD
VNGYVNRSLPGLIGCH
ISPITFLTAQTLLMDLGQFLLFC
BDGMEAYVKVDSCPEEPQ
PRCLTRYYSSFVNMERDLASGLIGP
KTAFKKKDTILSLNACESNHA
IARYIRLHPTHYSIRSTLRMELMGC
POSWVHQIALRMEVLGCEAQD
PRCLTRYYSSFVRME

Grass allergy

Gl
Gz

GDEQKLRSAGELELQFRRVKCKY
GRYDTYKCIPSLEAAVKQRY

Blternaria allergy

AD

AlO
All
Ai2
Al3
Al4

SDDITYVATATLPNYCRAGGNGE
RNGFKRCLQFTLYRPRDLLSLLNE
AIELKSCNALLLKVNQIGTITEA
EFIKKAIELKSCN
IELKSCNALLLK
CAEYGADLAITYNSRAEGAEKNA
ATELKGAYVYFASDASSYCTIG
SDDITYVATATLPNYCRAGGNG
AIHWVNFGIYFNHGQACCAG
CAEMGAAVAITYASRAQGREENY
YNVAKAGCI
BISWVNEGIFFNHGQCCCAG
PDTFNYVKKEPIGVCRS
SYNVAKAGCIHLAK

Birch allergy

Bl
B2
B3
B4
B5
BE
B7

CNEIKIVATPDGGSI
CNEIKLVATPDGGST
CNEIKIVATPDGGCY
SNEIKIVATPDGGC
SNEIKIVITPDGGCY
CREIKIVRAPGGGSILK
AENFRALCTGEKGNG

35
36
37
38
39
40
41

42

43
44
45
46
47
48
49
50
539

&0
&1

62
63
64
65
66
67
68
69
70
71
72
73
74
75

76
77
78

79

80
81
g2

PCT/GB2609/602767

The House Dust Mite sequences shown above typically derive from the mite

species Dermatophagoides pteronyssinus. Preferred variants of these sequences

include homologous sequences derived from the related mite species



10

15

20

25

26
Dermatophagoides farinae. These are indicated in the table below by the identifier

A

Other preferred peptide variants for use in the invention include truncations
or exfensions by 1,2,3,4,5,6,7,10,11,12,13,14,15,16,0r 17 amino acids at the N
and/or C terminus of a given peptide. Examples of preferred extensions and
truncations of the House Dust Mite peptide HDMO3C are also shown below as
HDMO3M, P and W.

HOMO3C £ | RNTSLDLSEQELVDCASQH 51
HDMO3M RNQSLDLABQELVDCASQHG 52
HDMOZP SAYLAHRNQSLDLAEQELVDCAS 53
HDMO3W n ELVDCASQHG 54
HDMOE £ PYVAREQRCRRPN 55
HDM19 £ DOVEVEKDCANNEIKE 56
HDM20 £ CIIHRGKPFTLEA 57
HDM26A £ NGVLACAIATHGKIR 58

Where polypeptides comprise residues which are typically difficult to
preserve during manufacture, these residues may be replaced. For example, a
glutamate or a glutamine residue spontaneously forms pyroglutamate in solution
particularly when present at the N terminus of a peptide. Thus, residues of the
peptides which correspond to glutamate or glutamine in the sequence of a native
protein sequence may be replaced with pyrogluatmate in the peptides when such
residues are present at the N terminus of a peptide. For example. HDMO3W _n (SEQ
ID NO:54) may have pyroghitamate in place of E at the N terminus.

In one embodiment, the composition of the invention comprises the peptides
of SEQ ID NOS. 1 to 4. The composition may further comprise the peptides of SEQ
ID NOS. 83 to 85, and optionally no further peptides.

Other components

As will be appreciated from the above section relating to freeze-drying,
compositions which are to be freeze-dried will typically comprise additional
components as well as the biological materials of interest, The present invention
relates fo the use of a combination of additional components to prevent or reduce

dimerisation of the at least one peptide in the compositions of the invention, thereby
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leading to a more stable freeze-dried composition. The present invention also relates to
methods for making such compositions. The present inventors have determined that the
combination of (i) trehalose as the sole non-reducing carbohydrate and (ii) thioglycerol as
an agent which inhibits dimer formation achieves this effect.

As mentioned herein, carbohydrates and related compounds have the advantage that

- they are useful as cryo- and lyoprotectants during the freeze-drying process. However, they

do not prevent dimer formation by a peptide comprised within the final freeze-dried product
during its storage. An additional component, thioglycerol, is required to achieve this.

In order to effectively prevent dimer formation, this agent should ideally be present at
least at an equivalent molar concentration to that of the material which is susceptible to
dimer formation, when measured prior to freezing. Thus, where the material susceptible to
dimer formation is one or more peptides comprising at least one free cysteine residue, the
agent is present at least at an equivalent molar concentration to the concentration of the one
or more peptides comprising at least one free cysteine residue. The concentration of other
components, such as peptides which do not contain a free cysteine residue, is not typically
taken into account. That is where a composition comprises, for example, four peptides
which contain a free cysteine residue and three peptides which do not confain a free cysteine
residue, the concentration of the agent which inhibits dimer formation is determined relative
to the overall concentration of the four free cysteine-containing peptides. The concentration
of the three peptides which do not contain cysteine, and of any other components in the
composition, is not relevant to the level of agent required.

In one embodiment the agent which inhibits dimer formation may be present in a
greater or lesser amount than the material which is susceptible to dimer formation, when

measured prior to freezing, provided that dimer prevention is
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effectively prevented. In a particular embodiment, the agent is present in a greater

amount than the material which is susceptible to dimer formation. For example, the
agent may be present at a molar concentration which is at least approximately 10, 20,
30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 400, 500, 600, 700, 800, 900 or
1000 fold greater than the molar concentration of the material which is susceptible to
dimer formation. Preferably, the agent is present at a molar concentration which is at
least between 60 and 80 fold greater than the molar concentratioﬁ of the material
which is susceptible to dimer formation. For example, where the material is present
at a molar concentration of 200uM, the agent will preferably be present at a molar
concentration of between 12mM :;md I6mM.

Such a situation applies in, for example, the Thioglycerol “low™ composition
in Example 4, wherein four peptides containing at least one free cysteine are each
present at 50uM, and three peptides not containing cysteine are also each present at
50uM. Thus, in a litre of this composition, there are 350 micromoles of total peptide
(seven peptides) and 200 micromoles of peptides with free cysteine (4 peptides with
free cysteine). Accordingly, the material susceptible to dimer formation is at 200 pM
and thioglycerol is present at a concentration of 14mM, which is 70 fold greater.

Alternatively the agent may be present at a molar concentration which is at
ieast between 30 and 40 fold greater than the molar concentration of the material
which is susceptible to dimer formation. For example, where the material is present
at a molar concentration of 400uM, the agent will preferably be present at a molar
concentration of between 12mM and 16mM.

Such a situation would apply in, for example, the Thioglycerol “low”
composition in Example 4, if all peptides were present at 100pM rather than 50 pM.
That is, in a litre of this composition, there are 700 micromoles of total peptide
(seven peptides) and 400 micromoles of peptides with free cysteine (4 peptides with
free cysteine). Accordingly, the material susceptible to dimer formation is at 400 pM
and thioglycerol is present at a concentration of 14mM, which is 35 fold greater.

The material is typically at least one peptide comprising at least one free
cysteine residue. The lower limit of the amount of peptide present in the composition
before freezing as a proportion will typically be about 0.01, 0.02, 0.03, 0.04, 0.03,
0.06, 0.07, 0.08, 0.09, 0.1,0.15,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,1.0, 1.1, 1.2, 1.3,
1.4, or 1.5%wt/wt or w/v. The upper limit of the amount of ﬁeptide present in the
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composition before freezing as a proportion will typically be about 1.5, 1.6, 1.7, 1.8, 1.9,
2.0,2.1,2.2,2.3,2.4,2.5,3, 4 or 5 %wt/wt or w/v. It will be recognised the amount of
peptide may typically be between any of the lower limits independently combined with any
of the upper limits set out above., The agent which inhibits dimer formation will therefore
be present in a similar range as a proportion of the composition, provided the total
concentration of agent 1s at least at an equivalent molar concentration to the fotal
concentration of peptides comprising at least one free cysteine residue in the composition
prior to freezing. For example, if the total concentration of peptides comprising at least one
free cysteine residue is 0.03 nmol/ml, total agent concentration will be at least 0.03
nmol/ml. If the total concentration of peptides comprising at least one free cysteine residue
is 500 nmol/ml, the total agent concentration will be at least 500nmol/ml.

It will also be appreciated that the agent may typically be included at a higher
proportion relative to the peptide as explained above, for example to ensure that dimer
formation is effectively reduced. In addition, the upper limit for the total concentration of
the agent may typically take account of clinical requirements or limitations as applied to
pharmaceutical compositions. For example, a reconstituted solution for injection would
typically have no more than 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5 or 4.0%wt/wt or
w/v of agent. This corresponds to approximately 5, 6,7, 8, 9, 10, 15, 20, 25, 30, 35 or 40%
wt/wt or w/v, respectively in the freeze-dried product. Accordingly, the amount of peptide
in the product may need to be limited to conform with these clinical requirements.

It will be understood by the skilled person that the proportion of any component in the
composition before freezing will typically correspond to a proportion about 5 to 10 fold
higher in the final freeze-dried composition

The difficulty with including the agent which inhibits dimer formation in a freeze-
dried composition is that, as determined by the present inventors, such agents escape from a
freeze-dried product, particularly when said product is stored over extended periods of time
at ambient temperatures, or when said product is exposed to sudden increases in
temperature. The agents are typically volatile, and thus are not retained in the final product,
which either experiences damage and degradation during storage and transport, thercby

reducing its stable shelf-life, or is
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unacceptable for pharmaceutical use. For example, due to changes in the appearance of the
freeze-dried composition or the solution reconstituted from it.

In order to overcome this difficulty, the present inventors have devised combination of
trehalose as the sole non-reducing carbohydrate and thioglvcerol as the dimer inhibiting
agent which does not result in escape of the dimer inhibiting agent from a final freeze-dried
product. In order to achieve this, it is necessary that the freeze-dried composition has an
amorphous structure. Accordingly, trehalose as a non-reducing carbohydrate is particularly
suitable for use in the present invention s it is amorphous upon freeze-drying. In order to
ensure that the composition as a whole has an amorphous structure upon freeze-drying, the
amorphous carbohydrate i the compositions of the invention should typically present at an
amount which is at least 50%, but more preferably at least 60%, 70%, or 80% and most
preferably at least 90% as a proportion of the total components of the freeze-dried

composition.



10

15

31

As demonstrated herein, the amorphous structure of the freeze-dried carbohydrate
traps the agent which inhibits dimer formation within the final freeze-dried product. This 1s
by contrast to materials which have a crystalline structure upon freeze-drying. Crystalline or
mixed /amorphous materials have previously been preferred for freeze-drying applications
of the type described herein, in part because the final freeze-dried “cake” typically has a
more attractive appearance and shorter more aggressive drying cycles may be employed.

Thus, the use of (i) trehelose as the sole non-reducing carbohydrate and (it}
thioglycerol as an agent which inhibits dimer formation in a freeze-dried composition
comprising at least one peptide comprising a free cysteine residue, results in the prevention
or reduction of dimerisation of said at least one peptide in said composition. The agent
which inhibits dimer formation is retained in the freeze-dried product by the amorphous
structure of the carbohydrate, and is thereby able to reduce or prevent dimerisation of the
peptide or peptides therein throughout the storage life of the product. In this way, a stable
shelf-life is achieved which is ideally at lcast 1 year, or at least 2 years, at 5+3°C,
25°C/60%RH, 30°C/65%RH or 40°C/75%RH.
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Whilst not wishing to be bound by any specific hypothesis, the inventors consider that
this embodiment is particularly advantageous because of the good retention of thioglycerol
in the freeze-dried cake. Thioglycerol had previously been considered less suitable for
incorporation in freeze-dried compositions because it does not itself freeze to form a glass
under typical freeze-drying conditions, i.e. it remains liquid at temperatures as low as —
80°C. However, in the present invention, it is demonstrated that thioglycerol can be
retained, particularly in combination with trehalose, without any signs of escape or negative
impact on the physical quality of the freeze-dried cake. The presence of thioglycerol

effectively prevents formation of peptide dimers in the composition.

Reconstituted compositions of the invention

It will be appreciated that the freeze-dried compositions made according to the
invention may be reconstituted in solution, typically in an aqueous solution suitable for
injection, such as sterile, pyrogen-free water. Ideally, the solution will be isotonic / 1s0-
osmolar and thereby suitable for parenteral injection. _

The reconstituted composition will typically have a minimal proportion of peptide
present as a dimer. That is, dimer formation will be effectively prevented. By a minimal
proportion of peptide present as a dimer it is meant that a maximum of 5%, 4%, 3%, 2%,
1%, 0.9%, 0.8%, 0.7%, 0.6%, 0.5%, 0.4%, 0.3%, 0.2%, 0.1%, 0.05% or 0.01% is present in
solution as a dimer. It will be understood that the proportion of peptide present as a dimer
in solution will be the proportion present as a dimer following a suitable period of time n
solution. Suitable periods of time include ranges of time that a skilled practitioner might
reasonably expect to keep a sequence in solution prior to use. For example, about 24 hours,

about 48 hours, or
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about 72 hours. The proportion of a peptide present in a given form may be assessed

by any suitable method.

The reconstituted composition will typically be a pharmaceutical formulation.
for tolerising or immunising an individual to a protein from which a peptide
comprised in the composition derives. As such, the reconstituted composition may
comprise one or more pharmaceutically acceptable carriers or diluents and optionally
one or more other therapeutic ingredients. The carrier (s) must be 'acceptabie’ in the
sense of being compatible with the other ingredients of the formulation (in particular
they must not promote dimer formation) and not deleterious to the recipient thereof.
Typically, carriers for injection, and the final formulation, are sterile and pyrogen
free. The additional components may have been present in the freeze-dried
composition or may be added during or following reconstitution. Thus, auxiliary
substances, such as We&ing or emulsifying agents, pH modifying or buffering
substances, antioxidants, chelating agents and the like, may be present. These
excipients, vehicles and auxiliary substances are generally pharmaceutical agents that
do not induce an immune response in the individual receiving the composition, and
which may be administered without undue toxicity. Pharmaceutically acceptable
excipients include, but are not limited to, liquids such as water, saline,
polyethyleneglycol, hyaluronic acid and ethanol. Pharmaceutically acceptable salts
can also be included therein, for example, mineral acid salts such as hydrochlornides,
hydrobromides, phosphates, sulfates, and the like; and the salts of organic acids such
as acetates, propionates, malonates, benzoates, and the like. A thorough discussion
of pharmaceutically acceptable excipients, vehicles and anxiliary substances is
available in Remington’s Pharmaceutical Sciences (Mack Pub. Co., N.J. 1991).

The compositions of the invention will comprise a suitable concentration of
each peptide to be effective without causing adverse reaction. Typically,l for use in

tolerisation, the concentration of each peptide in the composition will be in the range

0f0.03 to 500 nmol/ml or 0.03 to 200 nmol/ml. More preferably in the range 0f 0.3

to 200 nmol/ml, 3 to 180 nmol/mi, 10 to 150 nmol/mi or 30 to 120 nmol/ml.
Particularly preferred is the range 3 to 12nmol/ml. The composition should have a
purity of greater than 90%, or 95% or 38% or a purity of at least 99%. Injection
volumes may typically be 60pl or 120ul.
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A composition may therefore be formulated which comprises one or more

other therapeutic molecules. A composition of the invention may alternatively be
used simultaneously, sequentially or separately with one or more other therapeutic
compositions as part of a combined treatment.

Typicalty, for use in immunisation, the composition will provide a presentation
that once reconstituted that allows the administration of between 1pg and 10mg of
each peptide. More preferably an amount of each peptide in the range 3pug to Smg,
Sug to Smg, 10pg to 2mg or 20pg to Img. The concentration of each peptide will be
dependent upon the route of administration, but may typically be delivered
intradermally, subcutaneously, intramuscularly, intravenously, orally, intranasally or
by inhalation. The composition should have a purity of greater than 90%, or 93% or
98% or a purity of at least 99%.

Therapeutic methods and individual to be treated

The present invention relates to compositions comprising at least one peptide
that is capable of modulating the immune system of an individual.

“Modulating” may mean sensitizing or inducing immunity in individuals to a
protein from which the at least one peptide of the compositions of the invention
derives. In this instance, the protein is typically a tumour antigen protein or an
antigen protein from an infectious disease, such as those caused by hepatitis and
human papilloma virases. The compositions of the invention are therefore useful in
the prevention or treatment of cancer or infectious diseases.

Alternatively, “modulating” may mean desensitising or tolerising individuals to
a protein from which the at Jeast one peptide of the compositions of the invention
derives. In this instance, the protein is typically an allergen or other antigen to which
an immune response is undesirable. Examples of such antigens include antigens
associated with autoimmune diseases, antigens associated with graft-versus-host
disease or transplant rejection (herein referred to as alloimmune conditions) and
antigens associated with maternal-foetal immune responses, for example Rhesus D
Haemolytic Disease of the Newborn. The compositions of the invention are therefore
useful in the prevention or treatment an allergic disease, an autoimmune disease, an

alloimmune condition or a maternal-foetal immune response.
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The invention provides compositions for use in preventing or treating the
above conditions. Thus, the above conditions may be prevented or treatedby administering
to a subject having the conditions a reconstituted composition of the invention. The
individual to be treated or provided with the composition of the invention is preferably
human.

Where desensitisation / tolerisation is desired, it will be appreciated that the
individual to be treated may be known to be sensitised to the particular allergen or antigen,
at risk of being sensitised or suspected of being sensitised. The individual can be tested for
sensitisation using techniques well known in the art and as described herein. Alternatively,
the individual may have a family history of the conditions described above. It may not be
necessary to test an individual for sensitisation to allergens because the individual may
display symptoms of allergy when brought inte proximity to a suitable allergen source. By
proximity is meant 10 metres or less, 5 metres or less, 2 metres or less, I metre or less, or 0
metres from the source. Symptoms of allergy can include itchy eyes, runny nose, breathing
difficulties, red itchy skin or rash. The individual to be treated for allergic disease may have
had allergy for at least 2 weeks, I month, 6 months, 1 year or 5 years, The individual may
suffer from a rash, nasal congestion, nasal discharge and/or coughing caused by the allergy.
The individual mayor may not have been administered with other compositions /
compounds which treat allergy.

In general, the individual to be treated may be of any age. However, preferably, the
individual may be in the age group of 1 to 90, 5 to 60, 10 to 40, or more preferably 18 to 35.
Preferably, the individual to be treated is from a population that has MHC allele frequencies
within the range of frequencies that are representative of the Caucasian population,
Reference population allele frequencies for 11 common DRB1 allele families are shown

below:
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DRB1 1 3 4 7 8 11 12 13 14 15 16
% 64 147 157 {88 |34 |83 |39 |147 2.9 176 |25
Reference |94 |11.1 |12.8 1132 |37 [134 |23 102 132 [10.7 (3.6
population

%

Reference frequencies were obtained by analysis of multiple studies reporting
frequencies and the figures shown are mean values. Preferably therefore, the
individual to be treated is from a population that has equivalent MHC allele
frequencies as the reference population for the alleles referred to in the above table
(such as for at least 1, 2, 3, 4, 5 or all of the alleles), for example within the ranges of
those figures plus or minus 1, 2, 3, 5, 10, 15 or 20%.

Preferably the individual is from a population where the allele frequencies of
the following DRBI alleles is:

4 — at least 9%

7 — at least 10%

11 — at least 8%.

The invention is particularly suitable for use with individuals who may need to
receive multiple administrations of the compositions of the invention as described
above. Peptides which are more prone to dimer formation than peptides incorporated
in a composition of the invention are more likely to induce an adverse response m an
mdividual receiving multiple administrations. Since monomeric peptides are
typically less inflammatory than dimeric peptides, the mnvention is also particularly
suttable for administration to an individual who has or is at risk of a condition,
wherein the condition is characterised by an adverse inflammatory reaction to a
treatment comprising a peptide. An adverse; inflammatory reaction fo a treatment
comprising a peptide may be diagnosed as a result of the onset of any of the
symptoms of allergy as defined above following administration of a treatment
comprising a peptide. An individual may be considered to be at risk of such a
reaction for any suitable medical reason, for example, a family history of similar
reactions, a personal medical history of multiple allergic responses, or strongly

positive skin prick or skin patch responses to common allergens.
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The following Examples illustrate the invention:



10

15

20

25

WO 2016/061193

PCE/GB20O9/002767

38
Examples
The following examples and comparative examples show the performance of

different compositions under different storage conditions. Each of the different
compositions comprises the peptides consisting of the sequences of SEQ ID NOS: 1
to 4 (peptides MLAGI, 04, 05 and 12), and three additional peptides: MLAO3
(EQVAQYKALPVVLENA (SEQ ID NO: 84)}, MLAO7 (KENAILSLILDKIYTSPL
(SEQ ID NO: 85)) and MLA14 (SRVLDGLVMTTISSSK (SEQ ID NO: 86)).

In every case, the composition was prepared in solution prior to being
subjected to freeze-drying. Freeze-drying conditions were selected as appropriate for
each composition and a typical freeze-drying cycle 1s shown for each. Degradation of
peptides during the freeze-drying process was measured by comparing the level of
peptide degradatibn in a sample of solution before and after the process. All
compositions tested experienced only minor degradation of peptides during the
freeze-drying process (data not shown).-

Following freeze-drying, a sample of each composition was stored at a
variety of different conditions {(-80°C, 5°C, 25°C / 65% RH, 40°C/75% RH) (RH:
relative humidity) for up to 28 weeks. The degradation during storage of the final
freeze-dried product was monitored by reconstituting a sample at intervals and
comparing the level of peptide degradation to that in a freshly prepared standard
solution of MLAO7.

' Ineach composition tested, the only volatile component is thioglycerol.
Accordingly, retention of thioglycerol is determined by observing the presence or

absence of condensation on the walls of the storage vials.

Example 1- T rehalose formulation

Typical freeze-drying cvcle

Step Shelf Termp (°C) Chamber pressure Duration (h.min)
“ ' (mbar)

1 20 1000 4

2 -40 1000 00.36

3 -40 1000 1.30

4 24 0.05 2.00

5 -24 0.05 12400
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6 24 0.05 $.20

7 24 0.05 6.00

Non-peptide components (values in brackets indicate concentrations in mM)
trehalose/thioglycerol/methionine (250:46:5).

Characteristics
Tg'=-31.9°C

Tg = 83 -87 °C (first run)
Residual moisture = nd

WAXS diffractogram: fully amorphous

Retention of thioglycerol is excellent. No condensation is visible on vial walls for all
storage conditions. The thioglycero! is evidently immobilised within the amorphous
cake.

Cake appearance is cracked and so not aesthetically pleasing, but storage stability is
excelleﬁt as shown in Figures 17 to 19. No significant peptide degradation was
observed apart from for the most extreme conditions tested (40°C/75% RH) after
approx. 8 weeks.

Example 2-'Amorphous’ binary mixture series

Typical freeze-drying cvcle

Step Shelf Temp (°C) Chamber pressure Duration (h.min)
(mbar)

1 40 1000 0

2 -40 1000 1.60

3 -15 0.03 0.30

4 -15 0.03 20.00

5 30 0.03 0.25

6 30 0.03 . 8.00

2ZA
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Non-peptide components (values in brackets indicate concentrations in mM)

trehalose/glycine/thioglycerol/methionine (165:95:46:5)

Characteristics
Tg'=-36.7°C
Tg=62.5°C

Residual moisture = 0.61% w/v
Cake structure: fully amorphous

Retention of thioglycerol is excellent. No condensation is visible on vial walls for all
storage conditions. The thioglycerol is evidently immobilised within the amorphous
cake.

Cake appearance is cracked and so not aesthetically pleasing, but storage stability is
excellent as shown in Figures 20 to 23. No significant peptide degradation was
observed apart from for the most extreme conditions tested (40°C/75% RH), at which

continual decline in peptide content was observed .

ZB
Non-peptide components (values in brackets indicate concentrations in mM)
sucrose/glycine/thioglycerol/methionine (182:78:46:5)

Characteristics
Tg'=-37.8°C
Tg=38.6°C

Residual moisture = 0.56% w/v

WAXS diffractogram: fully amorphous

Retention of thioglycerol is less good than Example 2A, condensation is visible on
vial walls stored at 25°C/65% RH. The thioglycerol is evidently not completely

immobilised within the amorphous cake,
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Cake appeararice is cracked and so not aesthetically pleasing, but storage stability is

good as shown in Figures 24 to 27. Significant peptide degradation was only
observed for the most extreme conditions tested: 25°C/65% RH (which showed a
clear decline particularly after 5 weeks) and 40°C/75% RH (which showed very poor
peptide stability).

2C
Non-peptide components (values in brackets indicate concentrations in mM)

trehalose/mannitol/thioglycerol/methionine (160:100:46:5)

Characteristics
Tg'=-36.6°C
Tg=516°C

Residual moisture = 0.42% w/v
WAXS diffractogram: fully amorphous

Retention of thioglycero! is less good than Example ZA, condensation is visibie on
vial walls stored at 25°C/65% RH. The thioglycerol is evidently not completely

immobilised within the amorphous cake.

Cake appearance is cracked and so not aesthetically pleasing, but storage stability is
good as shown in Figures 28 to 31. No significant peptide degradation was cbserved
apart from for the most extreme conditions tested (40°C/75% RH), at which
continual decline in peptide content was observed. Stability at 25°C/65% RH was
good, although not as good as for Example 2A.

pA).
Non-peptide components (values in brackets indicate concentrations in mM)
sucrose/mannitol/thioglycerol/methionine (150:110:46:5)

Characteristics
Tg'=-38.7°C
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Tg =nd (<25°C)

Residual moisture = 0.34% w/v
WAXS diffractogram: fully amorphous

Retention of thioglycerol is less good than Example 2A, condensation is visible on
vial walls stored at 25°C/65% RH. The thioglycerol is evidently not completely

immobilised within the amorphous cake.

Cake appearance is cracked and so not aesthetically pleasing, but storage stability is
less good than other formulations as shown in Figures 32 to 35. Peptide degradation
was only observed at 25°C/65% RH (poor stability) and 40°C/75% RH (very poor
stability).

Comparative Example I-Mannitol series

Typical freeze-drving cycle

Step Shelf Temp (°C) Chamber pressure ‘ Duration (h.min)
: (mbar)
1 Z0 ' | 1000 0
2 -5 1000 ' 00.25
3 -5 , 1000 00.30
4 40 1000 110
5 -40 1000 1.00
6 -20 1000 020
7 20 1600 430
8 -40 1060 020
9 -40 1000 1.00
10 -13 0.09 0.50
11 -15 0.09 14,00
12 25 0.05 £.00
13 25 0.05 12.00
CiA

Non-peptide components (values in brackets indicate concentrations in mM)
mannitol/thioglycerol {265:14)

PCT/GB200%/0602767
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Characteristics
Tg'= none
Tg= none

Residual moisture = 0,75% w/v
Cake structure: crystalline

Retention of thioglycerol is poor. Condensation is visible on vial walls for all storage

conditions. The thioglycerol is evidently not immobilised within the crystalline cake.

Cake appearance is good and so is aesthetically pleasing, but storage stability is poor
as shown in Figures 1 to 4. Significant peptide degradation was observed at all
conditions apart from the most favourable (-80°C). This storage condition is unlikely

to be commercially viable for a pharmaceutical product.

C1B
Non-peptide components (values in brackets indicate concentrations in mM)
mannitol/thioglycerol (265:46)

Charagteristics
Tg'=none
Tg=none

Residual moisture = 0.33% w/iv
Cake structure: crystalline

Retention of thioglycerol is poor. Condensation is visible on vial walls to similar
degree as for C1A. The thioglycerol is evidently not immobilised within the

crystalline cake even when present at a higher.

Cake appearance is good and so is aesthetically pleasing, but storage stability is poor
as shown in Figures 5 to 8. Significant peptide degradation was observed at all
conditions apart from the most favourable (-80°C).
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CicC

Non-peptide components (values in brackets indicate concentrations in mM)
mannitol/thioglycerol/methionine (265:14:5) '

Characteristics

Tg "= none

Tg=none

Residual moeisture = 1.04% w/v
Cake structure: crystalline

Retention of thioglycerol is poor. Condensation is visible on vial walls to similar
degree as for C1A. The thioglycerol is evidently not immobilised within the

crystalline cake in the presence of methionine.

Cake appearance is good and so is aesthetically pleasing, but storage stability is poor
as shown in Figures 9 to 12. Significant peptide degradation was observed at all
conditions apart from the most favourable (-80°C). Methionine has not improved the

properﬁ:'es of this composition.

CibD
Non-peptide components (values in brackets indicate concentrations in mM)

mannitol/thioglycerol/methionine (265:46:5)

Characteristics
Tg'=none
Tg = none

Residual moisture = 0.61% w/v
Cake structure: crystalline

Retention of thioglycerol is poor. Condensation is visible on vial walls to similar
degree as for C1A. The thioglycerol is evidently not immobilised within the
crystalline cake even when present at a higher concentration and in the presence of

methionine.

PCT/GB2002/002767
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Cake appearance is good and so is aesthetically pleasing, but storage stability is poor
as shown in Figures 13 to 16. Significant peptide degradation was observed at all
conditions apart from the most favourable (-80°C). Methionine has not improved the

properties of this composition.
Corparative Example 2-'Crystalline’ binary mixture trehalose series

Tvpical freeze-drving cycle

Step Shelf Temp (°C) Chamber pressure Duration (h.min}
{mbar)

1 20 1000 0

2 -40 1000 00.36

3 1 -40 100G 1.30

4 -24 0.05 2.00

5 -24 0.05 24.00

6 24 0.05 . 9.20

7 24 0.05 ] 6.00

CZA

Non-peptide components (values in brackets indicate concentrations in mM)

mannitol/trehalose/thioglycerol/methionine (245:10:46:5)

Characteristics

Tg'=-583°C

Tg=70-73°C

Tm = ca. 160°C

Residual moisture = 0.11% w/v

Cake structure: crystalline (not fully)

Retention of thioglycerol is poor. Condensation is visible on vial walls after 6 weeks
at 25°C and 40°C. The thioglycerol is evidently not immobilised within the
crystalline cake.
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Cake appearance is good and so 1s aesthetically pleasing, but storage stability is poor

as shown in Figures 36 to 39. Significant peptide degradation was observed at all
conditions apart from the two most favourable (5°C and -80°C).

C2B
Non-peptide components (values in brackets indicate concentrations in mM)
mannitol/trehalose/thioglycerol/methionine (235:20:46:5)

Characteristics
Tg'=nd

Tg=nd

Tm =nd

Residual moisture = nd

Cake structure: crystalline (not fully)

Retention of thioglycerol is poor. Condensation is visible on vial walls especially at
25°C and 40°C. The thioglycerol is evidently not immobilised within the crystalline

cake even at a higher concentration of trehalose.
Cake appearance is good and so is aesthetically pleasing, but storage stability is poor
as shown in Figures 40 to 43. Significant peptide degradation was observed at all

conditions apart from the two most favourable (5°C and -80°C).

CzC

-Non-peptide components (values in brackets indicate concentrations in mM)

marmitol/trehalose/thioglycerol/methionine (225:30:46:5)

Characteristics
Tg'=nd

Tg=nd

Tm=nd

Residual moisture = nd

Cake structure: crystalline (not fully)
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Retention of thioglycerol is poor. Condensation is visible on vial walls especially at
25°C and 40°C. The thioglycerol is evidenily not immobilised within the crystaltine

cake even at a still higher concentration of trehalose.

Cake appearance is good and so is aesthefically pleasing, but storage stability is poor
as shown in Figures 44 to 47. Significant peptide degradation was observed at ail
conditions apart from the two most favourable (5°C and -80°C).

Cin
Non-peptide components (values in brackets indicate concentrations in mM)
manunitol/trehalose/thioglycerol/methionine/EDTA (245:10:46:5:0.5)

Characteristics
Tg'=nd
Tg=nd
Tm=nd

Residual moisture = nd

. Cake structure: erystalline (not fully)

Cake appearance is good and so is acsthetically pleasing, but storage stability is poor
as shown in Figures 48 to 51. Significant peptide degradation was cbserved at all
conditions apart from the two most favourable (5°C and -80°C). Addition of EDTA
does not affect the properties of this composition.

CZE
Non-peptide components (values in brackets indicate concenirations in mM)
mannitol/trehalose/thioglycerol/methionine/EDTA (235:2(:46:5:0.5)

Characteristics
Tg'=nd
Tg=nd

Tm = nd
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Residual moisture =nd

Cake structure: crystalline (not fully)

Cake appearance is good and so is aesthetically pleasing, but storage stability is poor
as shown in Figures 52 to 55. Significant peptide degradation was observed at all
conditions apart from the two most favourable (5°C and -80°C). Addition of EDTA

does not affect the properties of this composition.

C2F
Non-peptide components (values in brackets indicate concentrations in mM)
mannitol/trehalose/thioglycerol/methionine/EDTA (225:30:46:5:0.5)

Characteristics

Tg'=nd

Tg=nd

Tm=nd

Residual moisture = nd _
Cake structure: crystalline (not fully)

Retention of thioglycerol is poor. Condensation is visible on vial walls especially at
25°C and 40°C. The thioglycerol is evidently not immobilised within the crystalline

cake even at a high concentration of trehajose and in the presence of EDTA.

Cake appearance is good and so is aesthetically pleasing, but storage stability is poor
as shown in Figures 56 to 59. Significant peptide degradation was observed at all
conditions apart from the most faveurable (-80°C). Addition of increased levels of
EDTA. does not significantly affect the properties of this composition.

Comparative Example 3-'Crystalline' binary mixture sucrose series

Typical freeze-drving cycle

Step Shelf Temp (°C) Charnber pressure Duration (h.min)
(mbar)
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I 26 1000 0
2 40 1000 00.36
3 -40 1000 1.30
4 -24 0.05 2.60
5 -24 0.05 24.00
6 24 0.05 . 9.20
7 24 0.05 6.00
C3A

Non-peptide components (values in brackets indicate concentrations in mM)
mannitol/sucrose/thioglycerol/methionine {250:10:46:5)

Characteristics

Tg'=nd

Tg=mnd

Tm = nd

Residual moisture = nd

Cake structure: crystalline (not fully)

Retention of thioglycerol is poor. Condensation is visible on vial walls after 5 weeks
at 25°C and 40°C. The thioglycerol is evidently not immobilised within the
crystalline cake. |

Cake appearance is good and so is aesthetically pleasing, but storage stability is poor
as shown in Figures 60 to 63, Significant peptide degradation was observed at all
conditions apart from the two most favourable (5°C and -80°C).

C3B
Non-peptide components (values in brackets indicate concentrations in mM)
mannitol/sucrose/thioglycerol/methionine (235:20:46:5)

Characteristics
Tg'=nd
Tg=nd
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Tm=nd

Residual moisture = nd

Cake structure: crystalline (not fully)
, “

Retention of thioglycerol is poor. Condensation is visible on vial walls especially at
25°C and 40°C. The thioglycero! is evidently not immobilised within the crystailine

cake even at a higher concentration of sucrose.

Cake appearance is good and so is aesthetically pleasing, but storage stability is poor.
as shown in Figures 64 to 67. Significant peptide degradation was observed at all
conditions apart from the two most favourable (5°C and -80°C).

C3C

Non-peptide components (values in brackets indicate concentrations in mM)

mannitol/sucrose/thioglycerol/methionine (225:30:46:5)

Characteristics
Tg'=nd

Tg=nd

Tm=nd

Residual moisture = nd

Cake structure: crystalline (not fully)

Retention of thioglycerol is poor. Condensation is visible on vial walls afer 5 weeks,
especially at 25°C and 40°C. The thioglycerol is evidently not immobilised within the

crystalline cake even at a still higher concentration of sucrose.

Cake appearance is good and so is aesthetically pleasing, but storage stability is poor
as shown in Figures 68 to 71. Significant peptide degradation was observed at all
conditions apart from the two most favourable (5°C and -80°C).

C3D
Non-peptide components (values in brackets indicate concentrations inn mM)
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mannitol/sucrose/thioglycerol/methionine/EDTA (245:10:46:5:0.5)

Characteristics

Tg'=nd

Tg=nd

Tm =nd

Residual moisture == nd

Cake structure; crystalline (not fully)

Retention of thioglycerol is poor. Condensation is visible on vial walls after 5 weeks,
especially at 25°C and 40°C. The thioglycerol is evidently not immobilised within the

crystalline cake even at a still higher concentration of sucrose.

Cake appearance is good and so is aesthetically pleasing, but storage stability is poor
as shown in Figures 72 to 75. Significant peptide degradation was observed at all
conditions apart from the two most favourable (5°C and -80°C).

C3E

Non-peptide components (values in brackets indicate concentrations in mM)
mannitol/sucrose/thioglycerol/methionine/EDTA (235:20:46:5:0.5)

Characteristics

Tg'=nd

Tg=nd

Tm = nd

Residual moisture = nd

Cake structure: crystalline (not fully}

Retention of thioglycerol is poor. Condensation is visible on vial walls after 5 weeks,
especially at 25°C and 40°C. The thioglycerol is evidently not immobilised within the

crystalline cake.
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Cake appearance is good and so is aesthetically pleasing, but storage stability is poor

as shown in Figures 76 to 79. Significant peptide degradation was observed at all
conditions apart from the two most favourable (5°C and -80°C). Addition of EDTA

does not affect the properties of this composition.

C3F
Non-peptide components (values in brackets indicate concentrations in mM)
mannitol/sucrose/thioglycerol/methionine/EDTA (225:30:46:5:0.5)

Characteristics
Tg'=nd

Tg=nd

Tm=nd

Residual moisture = nd

Cake structure: crystalline (not fully)

Retention of thioglycerol is poor. Condensation is visible on vial walls after 5 weeks
especially at 25°C and 40°C. The thioglycerol is evidently not immobilised within the
crystalline cake even at a high concentration of sucrose and in the presence of

EDTA.

Cake appearance is good and so is aesthetically pleasing, but storage stability is poor
as shown in Figures 80 to 83. Significant peptide degradation was observed at all
conditions apart from the two most favourable (5 °C and -80°C). Addition of EDTA

does not affect the properties of this composition.

Example 4

A formulation based on the findings of Example 1 was tested further for long-term
stability. The following formulation (called Thioglycerol “high”) was stored for up
to one year at 30°C/65%RH: '

Raw faterial i Function l Nominal concentration’
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MILAO1, acetate salt Active ingredient 50uM 73.8ug/mL
MLAG3, acetate salt Active ingredient S0uM 88.6ug/ml.
MLAO4, acetate salt Active ingredient 50uM 54 Oug/mL
MILADS, acetate salt Active ingredient 50uM 101.1pg/mL
MLAO7, acetate salt Active ingredient 50uM 90.3up/mlL
MLAI12, acetate salt Active ingredient 50u 921.3pg/mlL
MLA14, acetate salt Active ingredient 50uM B4.7pg/ml
D{+) Trehalose dihydrate Tonicity agent 270 mM 102.149mg/mL
1-Thioglycerol Reducing agent 46mM 1.514mg/ml. -
L-Methionine Antioxidant 5mM 0.746mg/mL
- Phosphoric acid pH adjustment As required

Congentrations are given for the composition when in a liquid state, that is before

freeze drying and after reconstitution. An alternative formulation (Thioglycerol

“low”) was tested under the same conditions, and was identical except in that

thioglycerol was present at 14mM rather than 46mM. Degradation of peptide was

monitored at intervals as shown in Figure 84, The results indicate that both

formulations achieved excellent peptide stability throughout the test period.
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WHAT WE CLAIM IS:

1. A method of producing a stable freeze-dried composition comprising at least
one peptide that is 8 to 30 amino acids in length and that comprises at least one free
cysteine residue, said method comprising:
(a) preparing a composition comprising in solution: (i) trehalose as the sole
non-reducing carbohydrate; (ii) thioglycerol; and (iii) at least one said peptide; and
(b) freeze-drying the composition resulting from step (a).

2. A method according to claim 1, wherein a said composition is prepared in

step (a) in which thiogiycerol is present at a molar concentration which is between 60

_and 80 fold greater than the molar concentration of the peptide components of the

composition comprising at least one free cysteine residue.

3. A method according to claim 1, wherein step (a) comprises preparing a said
composition is prepared in step (a) in which thioglycerol is present at a molar
concentration which s between 30 and 40 fold greater than the molar éoncentration
of the peptide components of the composition comprising at least one free cysteine

residue,

4. A method according to any one of the preceding claims, wherein the at least
one peptide comprises a region comprising at least one MHC-binding T cell epitope

derived from an allergen or allo-antigen.

5. A method according to claim 4, wherein the epitope derives from:

(a) an allergen selected from: a plant allergen, animal dander allergens, a
mold or fungal allergen, a dust allergen, an antibiotic or other drug, a stinging insect
venom, an environmental allergen or a food allergen; or

(b) an antigen selected from the major antigens associated with Acute
disseminated encephalomyelitis; Addison's disease; Ankylosing spondylitis;
Antiphospholipid antibody syndrome; Aplastic anemia; Autoimmune hepatitis;

Autoimmune Oophoritis; Coeliac disease; Crohn's disease; Diabetes mellitus type 1;
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Gestational pemphigoid; Goodpasture's synndrome; Graves' disease; Guillain-Barré

syndrome; Hashimoto's disease; Idiopathic thrombocytopenic purpura; Kawasaki's
Disease; Lupus erythematosus; Multiple sclerosis; Myasthenia gravis; Narcolepsy,

Opsoclonus myoclonus syndrome; Optic neuritis; Ord's thyroiditis; Pemphigus;

Pernicious anaemia; Polyarthritis in dogs; Primary biliary cirrhosis; Rheumatoid

arthritis; Reiter's syndrome; Sjdgren's syndrome; Takayasu's arteritis; Temporal

arteritis; Warm autoimmune hemolytic anemia; or Wegener's granulomatosis.
6. A method according to claim 5, wherein the plant allergen is a grass allergen.

7. A method according to claim 5, wherein the epitope derives from: cat dander
protein Fel d1; House dust mite proteins Derp 1, Derp 2, Derp 7, Derp 3 to 15, Der
p 18, 20, 21 and‘23, Derfl,2,7,10, 11 to 18 and 20 to 22; Ragweed protein amb a
1,2,3,5,6,7, 8,9 and isoforms thereof including amb a 1.1,a 1.2, al.3 or al.4; Rye
grass proteins lol pl and lo! p5; Timothy grass proteins phl pl and phl p5; Bermuda
grass protein Cyn d 5; Alternaria alternata proteins Alta 1, Alta2, Alta3to Alta
10, Altal2, Altal3 and Enolase (Alta6),Clah 1,2, 510,10, 12, GST, HChl,
HSP70, NTF2, TCTP; Birch protein Bet vl, 2, 3, 4,6, 7, 8 and P14; German
Cockroéch proteins Bla g 1, Bla g 2,Blag3,Blag4,Blag5andBlagé,7,8,9,
GSTDI1, Trypsin; Mugwort protein Art v 1; Russian thistle protein Sal k 1, Sal k 2
and Sal k 8; peanut Ara hl, Arah2, Arah3, Ara h4, Ara h5, Ara h6, plant profilins or

lipid transfer proteins or a human lenkocyte antigen.

8. A method according to claim 7, wherein the at least one peptide comprises or

consists of the sequence of any of SEQ ID NOS. 1 to 58.

9. A method according to claim 8, wherein the composition comprises the

peptides of SEQ ID NOS. 1 to 4.

10. A method according to claim 9, wherein the composition further comprises

the pcptidés of SEQ ID NOS. 84 to 86, and optionally no further peptides.
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11. A stable freeze-dried composition produced by a method as defined in any

one of the preceding claims.

12, A method of reconstituting a stable freeze-dried composition as defined in
claim 11, which method comprises reconstituting the freeze-dried composition in

solution.
13. A solution reconstituted by a method as defined in claim 12.

14. A stable freeze-dried composition comprising at least one peptide for
tolerisation or immunisation that is 8 to 30 amino acids in length and that comprises
at least one free cysteine residue, thioglycerol and trehalose as the sole non-reducing

carbohydrate.

15. A composition according to claim 14, wherein the at least one peptide
comprises a region comprising at least one MHC-binding T cell epitope derived from

an allergen or allo-antigen.

16. A composition according to claim 15, wherein the epitope derives from:

(a) an allergen selected from: a plant allergen, animal dander allergens, a
mold or fungal allergen, a dust allergen, an antibiotic or other drug, a stinging insect
venom, an environmental allergen or a food allergen; or

(b) an antigen selected from the major antigens associated with Acute
disseminated encephalomyelitis; Addison's disease; Ankylosing spondylitis;
Antiphospholipid antibody syndrome; Aplasti'c anemia; Autoimmune hepatitis;
Autoimmune Oophoritis; Coeliac disease; Crohn's disease; Diabetes mellitus type 1;
Gestational pemphigoid; Goodpasture's syndrome; Graves' disease; Guillain-Barré
syndrome; Hashimoto's disease; Idiopathic thrombocytopenic purpura; Kawasaki's
Disease; Lupus erythematosus; Multiple sclerosis; Myasthenia gravis; Narcolepsy,
Opsoclonus myoclomus syndrome; Optic neuritis; Ord's thyroiditis; Pemphigus;
Pernicious anaemia; Polyarthritis in dogs; Primary biliary cirrhosis; Rbeumatoid
arthritis; Reiter's syndrome; Sjogren's syndrome; Takayasu's arteritis; Temporal

arteritis; Warm autoimmune hemolytic anemia; or Wegener's granulomatosis.
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17. A composition according to claim 16, wherein the plant allergen is a grass
allergen.
18. A composition according to claim 16, wherein the epitope derives from: cat

dander protein Fel di; House dust mite proteins Derp 1, Derp 2, Derp 7, Derp 3 to
15, Derp 18, 20, 21 and 23, Der £ 1,2,7,10,11 to 18 and 20 to 22; Ragweed protein
ambal,2,3,5,6,7, 8,9 and isoforms thereof including amba 1.1, 2 1.2,al 3 or
al.4; Rye grass proteins lol p1 and lol p5; Timothy grass proteins phl p1 and phl p3;
Bermuda grass protein Cyn d 5; Alternaria alternata proteins Alta 1, Alta 2, Alta3
to Alta 10, Alta 12, Alta 13 and Enolase (Alta 6),Clah 1, 2,5 to 10, 12, GST,
HCh1, HSP70, NTF2, TCTP; Birch protein Bet vl, 2, 3, 4, 6, 7, 8 and P14; German
Cockroach proteins Blag 1,Blag2,Blag3,Blag4,Blag5andBlag6,7,8,9,
GSTD1, Trypsin; Mugwort protein Art v 1; Russian thistle protein Sal k 1, Sal k 2
and Sal k 8; peanut Arahl, Arah2, Arah3, Ara h4, Arah5, Arah6, plant profilins or

lipid transfer proteins or a human leukocyte antigen.

19. A composition according to claim 18 wherein the at least one peptide

comprises or consists of the sequence of any of SEQ ID NOS. 1 to 58.

20. A composition according to claim 19, which comprises the peptides of SEQ
IDNOS. I to 4.

21. A composition according to claim 20 wherein the composition further

comprises the peptides of SEQ ID NOS. 84 to 86, and optionally no further peptides.
22. A method of reconstituting a stable freeze-dried composition as defined in
any one of claims 14 to 21, which method comprises reconstituting the freeze-dried

composition in solution.

23. A solution reconstituted by a method as defined in claim 22.
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SEQUENCE LISTING

<110> CIRCASSIA LIMITED
<120> Compositions with reduced dimer formation
<130> N105103A

<150> GB(0821806.7
<151> 2008-11-28

<160> 86

<170> PatentiIn version 3.5

<210> 1

<211i> 13

<212> PRT

<213> Felis catus
<400> 1

Cys Pro Ala val Lys Arg Asp val Asp Leu Phe Leu Thr
1 5 10

<210> 2

<211> 17

<212> PRT

<213> Felis catus

<400> 2

Lys Ala Leu Pro val val Leu Glu Asn Ala Arg Ile Leu Lys Asn Cys
1 5 10 15
val

<210> 3

<211> 17

<Z212> PRT

<213> Felis catus

<400> 3

. Arg Ile Leu Lys Asn Cys val Asp Ala Lgs met Thr Glu Glu Asp Lys
1 5 1 15

Glu

<210> 4
<211> 16
<212> PRT

<213> Frelis catus

<400> 4

Thr Ala Met Lys Lys Ile GlIn Asp Cys Tyr val Glu Asn Gly Leu TIle
1 5 10 15

<210> 5
Page 1



<211>
<212>
<213>

<400>

1

<210>
<211>
<212>
<213>

<400>
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16
PRT’
Felis catus

5

Ile Ser Ser Ser Lys ASp
5

6

13

PRT
Dermatophagoides

6

Arg Thr val Thr pPro Ile
1 5

<210> 7

<211> 19

<212> PRT

<213> Dermatophagoides
<400> 7

Arg Asn Gln Ser Leu Asp
1 5

Ser Gin His

<210> B8

<211> 13

<212> PRT

<213> Dermatophagoides
<400> 8

Arg Tyr val Ala Arg Glu
1 5

<210>
<211~
<212>
<213>

<400>

9

15

PRT
Dermatophagoides

9

Asp Gln val Asp val Lys
1 5

<210>
<211>
<212>
<213>

<400

10

14

PRT
Dermatophagoides

10

Gly val Leu Ala Cys Ala

1

5

Cys Met Gly géu Ala val GlIn Asn Thr val

pteronyssinus

Arg Met GIn Gly Gly Cys Gly
10

pteronyssinus

Leu Ala Glu GIn Glu Leu val Asp Cys Ala
10 15

pteronyssinus

Gin Ser Cys Arg Arg Pro Asn
10

pteronyssinus

Asp Cys Ala Asn His GTu Ile Lys Lys
10 15

pteronyssinus

Ile Ala Thr Hés Ala Lys Ile Arg
1

Page 2
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<210>
<21l>
<212>
<213>

<400>
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11

13

PRT
Dermatophagoides

il

Cys Ile Ile His Arg Gly
5

12

17

PRT
Dermatophagoides

12

Qrg Phe Gly Ile ger Asn

Lys

<210>
<211l>
<212>
<213>

<400>

13

16

PRT
Dermatophagoides

13

Asn Tyr €ys Gin Ile Tyr
1 5

<210
<211>
<212>
<213>

<400>

1

<210
<21l>
<212>
<213>

<400>

14

13

PRT
Dermatophagoides

14

Asn Ala GIn Arg Phe Gly
5

15

19

PRT
permatophagoides

15

Asp Leu Arg Gln Met Arg
1 5

Cys Gly ser

<210> 16

<211> 22

<212> PRT

<213> Dermatophagoides

pteronyssinus

Lys Pro Phe GIn Leu Glu Ala
10

pteronyssinus

Tyr Cys GlIn Ile Tyr Pro Pro Asn val Asn
10

pteronyssinus

Pro Pro Asn val Asn Lys Ile Arg Glu Ala
10 15

pteronyssinus

Ile ser Asn Tyr Cys Gin Tle
10

pteronyssinus

Thr val Thr Pro ITe Arg met Gln Gly Gly
10 15

pteronyssinus
page 3
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<400> 16
Gln Glu Ser Tyr Tyr Arg Tyr val Ala Arg Glu Gln Ser Cys Arg Arg
1 5 10 15

Pro Asn Ala Gln Arg Phe
20

<210> 17

<211> 22

<212> PRT

<213> Dermatophagoides pteronyssinus

<400> 17

Glu Pro Cys Ile Ile His Arg Gly Lys Pro Phe GIn Leu Glu Ala val
1 5 10 15

Phe Glu Ala Asn GIn Asn

20
<210> 18
<211> 15
<212> PRT
<213> Ambrosia artemisiifolia
<400> 18
Gly Ser Ser GIn Ile Trp Ile Asp His Cys Ser Leu Ser Lys Ser
1 5 10 i5
<210> 19
<211> 15
<212> PRT
<213> Ambrosia artemisiifolia
<400> 19
Gly Gly Ser GIn ITe Trp I7e Asp His Cys Ser lLeu Ser Lys Ala
1 5 10 15
<210> 20
<211> 12
<212> PRT
<213> Ambrosia artemisiifolia
<400> 20
Gly Ser Ser His val Thr val Ser Asn Cys Lys Phe
1 5 10
<210> 21
<211> 12
<212> PRT
<213> ambrosia artemisiifoiia
<400> 21

Gly Ser Thr #His val Thr Ile Ser Asn Cys Lys Phe
1 5 10

Page 4
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<210> 22

<211> 12

<212> PRT

<213> Ambrosia artemisiifolia

<400> 22

Gly Ser Thr His Phe Thr val Ser Asn Cys lL.eu Phe

1 5 10

<210> 23

<211> 15

<212> PRT

<213> Homo sapiens

<400> 23

His Ala val Ser Asp His Glu Ala Thr Leu Arg Cys Trp Ala Leu
1 5 10 15

<210> 24

<211> 15

<212> PRT

<213> Homo sapiens

<400> 24

His Pro Ile Ser Asp His Glu Ala Thr Leu Arg Cys Trp Ala Leu
1 5 10 15

<210> 25

<211> 15

<212> PRT

<213> Homo sapiens

<400> 25

His Pro val Ser Asp His Glu Ala Thr Leu Arg Cys Trp Ala Leu
1 5 i0 15

<210> 26

<211> 15

<212> PRT

<213> Homo sapiens

<4Q0> 26

Arg Cys Trp Ala Leu Ser Phe Tyr Pro Ala Glu Ile Thr Leu Thr
1 5 10 15

<210> 27

<211> 15

<212> PRT

<213> Homo sapiens

<400> 27

Arg Cys Trp Ala teu Gly phe Tyr Pro Ala Glu Ile Thr Leu Thr
1 5 10 15

Page 5
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<210> 28
<211> 29
<212> PRT

<213> Homo sapiens
<400> 28

val Ser Pro Met Cys Ala Trp Cys Ser Asp Glu Ala Leu Pro Leu Gly
1 5 10 15

Ser Pro Arg Cys Asp Leu Lys Glu Asn Leu Leu Lys Asp
20

25
<210> 29
<211> 15
<212> PRT
<213> Homo sapiens
<400> 29
val Ser Pro Met Cys Ala Trp Cys Ser Asp Glu Ala Leu Pro lLeu
1 5 10 15
<210> 30
<211> 10
<212> PRT
<213> Homo sapiens
<400> 30
Ala Trp Cys Ser Asp Glu Ala Leu Pro Leu
1 5 10
<210> 31
<211> 14
<212> PRT
<213> Home sapiens
<400> 31
Ala Trp Cys Ser Asp Glu Ala Leu Pro Leu Gly Ser Pro Arg
1 5 10
<210> 32
<211> 18
<212> PRT
<213> Homo sapiens
<400> 32
Ala Trp Cys Ser Asp Glu Ala Leu Pro Leu Gly Ser Pro Arg Cys AsSp
1 5 10 15
Leu Lys
<210> 33
<211> 18
<212> PRT

<213> Homo sapiens

Page ©
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33

Ala Trp Ser Ser Asp Glu Ala Leu Pro Leu Gly Ser Pro Arg Cys Asp
1 5 15

Leu Lys

<210>
«211>
<212>
<213>

<400>

34
18
PRT
Homo

34

Ala Trp Gly
1

Leu Lys

<210>
<211>
<212>
<213>

<400

35
18
PRT
Homo

35

Ala Trp Cys
1

Leu Lys

<210>
<21l>
<212>
<213>

<400>

36
18
PRT
Homo

36

Ala Trp Cys
1

Leu Lys

<210>
<211>
<212>
<213>

<400>

37
15
PRT
Homo

37

Thr Thr Arg

1

<210>
<211>

38
15

10

sapiens

Ser Asp Glu Ala Leu Pro Leu Gly Ser Pro Arg Cys Asp
5 10 15

sapiens

Ser Asp Glu Ala Leu Pro Leu Gly Ser Pro Arg Ser Asp
5 10 15

sapiens

Ser Asp Glu Ala Leu Pro Leu Gly Ser Pro Arg Gly Asp
5 10 15

sapiens

Gly val Ser Ser Cys Gln Glin Cys Leu Ala val ser
5 10 15

Page 7
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<212> PRT
<213> Homo
<400> 38

AsSp Leu Pro
1

<210> 39
<21i> 15
<212> PRT
<213> Homo
<400> 39

phe Lys Asp
1

<210> 40
<211> 15
<212> PRT
<213> Homo
<400> 40
Pro Gly Ser
1

<210> 41
<211> 15
<Z212> PRT
<213> Homo
<400> 41

Asp Asp Cys
1

<210> 42
<211> 15
<212> PRT

<213> Homo
<400> 42

Ala Tyr Phe
1

<210> 43
<211> 24
<212> PRT
<213> Homo
<400> 43

Leu Cys Leu
1

Gly Ala val

sapiens

Glu GTu
5

sapiens

Ser Leu
5

sapiens

Tyr Glu
5

sapiens

val val
5

sapiens

Gly Leu
5

sapiens
Leu Arg
5

Glu Leu
20

Leu

Tle

Asp

Arg

Ser

Phe

ser

Ser

val

Thr

Phe

val

Cys

Trp

l.ey

GIn

Cys

Gin

Ala

Phe

ASp

ser

val

Glu

Tyr

Trp

Ser

Phe Asn
10

Thr Phe
10

LYs Cys
10

Tyr Glu
10

Cys Leu
10

Ala Thr
10

Page 8

Ala

Asp

Pro

ASp

Pro

Arg

Thr

Cys

Thr

Ser

Lys

Arg

Cys

Asp

Cys

Ser

Pro

Tyr

Ley
15

Cys
15

Pro
15

Gly
15

Leu
15

Tyr Leu
15
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<210>

<211> 16

<212> PRT

<213> Homo sapiens
<400> 44

val Asn Gly Tyr val Asn Arg Ser Leu Pro Gly Leu Ile Gly Cys His
1 5 10 15

<210> 45

<211> 23

<212> PRT

<213> Homo sapiens
<400> 45

ITe Ser Pro Ile Thr Phe Leu Thr Ala Gln Thr Leu Leu Met Asp Leu
1 5 10 15

Gly GIn Phe Leu Leu Phe Cys

20
<210> 46
<211> 18
<212> PRT
<213> Homo sapiens
<400> 46

His Asp Gly Met Glu Ala Tyr val Lys val Asp Ser Cys Pro Glu Glu
1 5 10 15

Pro GIn

<21G> 47

<211> 25

<212> PRT

<213> Homo sapiens
<400> 47

Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser Phe val Asn Met Glu Arg
1 5 10 15

Asp Leu Ala Ser Gly Leu Ite Gly Pro

20 25
<210> 48
<211> 21
<212> PRT

<213> Homo sapiens

<400> 48

Lys Thr Ala Phe Lys Lys Lys Asp Thr ITe Leu Ser Leu Asn Ala Cys
1 5 10 15

Glu Ser Asn His Ala
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<210>
<211>
<212>
<213>

<400>

N105103B SG GCW vLA Editable version of sequence Tisting.txt

20
49
25
PRT
Homo sapiens
49

tle Ala Arg Tyr Ile Arg
1 5

Thr Leu Arg Met Glu Leu

<210>
<211>
«212>
<213>

<400>

20
50
21
PRT
Homo sapiens
50

Pro GIn Ser Trp val His
1 5

Cys Glu Ala GIn Asp

20
<210> 51
<211> 19
<212> PRT
<213> Dermatophagoides
<400> 51
Arg Asn Thr Ser Leu Asp
1 5
Ser GIn His
<210> 52
<211> 20
<212> PRT
<213> Dermatophagoides
<400> 52
Arg Asn GlIn Ser Leu Asp
1 5
Ser GIn His Gly
20
<210> 53
<211> 23
<212> PRT
<213> Dermatophagoides

Leu His Pro Thr His Tyr Ser Ile Arg Ser
10 15

Met Gly Cys
25

GlIn Ile Ala Leu Arg Met Glu val Leu Gly
10 15

farinae

Leu Ser Glu GIn Glu Leu val Asp Cys Ala
10 15

pteronyssinus

Leu Ala Glu GIn Glu Leu val Asp Cys Ala
10 15

pteronyssinus
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<400= 53

Ser Ala Tyr Leu Ala His Arg Asn GIn Ser Leu Asp Leu Ala Glu GIn
1 5 10 15

Glu Leu val Asp Cys Ala ser
20

<210> 54

<211> 10

<212> PRT

<213> Dermatophagoides pteronyssinus

<400> 54

Glu Leu val Asp Cys Ala Ser GIn His Gly

1 5 10

<210> 55

<211> 13

<212> PRT

<213> Dermatophagoides farinae

<400> 55

Pro Tyr vVal Ala Arg Glu GIn Arg Cys Arg Arg Pro Ash

1 5 10

<210> 56

<211> 15

<212> PRT

<213> Dermatophagoides farinae

<400> 36

Asp GIn val Asp val Lys Asp Cys Ala Asn Asn Glu Ile Lys Lys
1 5 10 15
<210> 57

<211> 13

<212> PRT

<213> Dbermatophagoides farinae

<400> 57

Cys Ile Ile His Arg Gly Lys Pro phe Thr Leu Glu Ala

1 5 10

<210> 58

<211> 15

<212> PRT

<213> Dermatophagoides farinae

<400> 58

Asn Gly val Leu Ala Cys Ala ITe Ala Thr His Gly Lys Ile Arg
1 5 10 15
<210> 59

<211> 15

<212> PRT

<213> Homo sapiens
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<400> 59

Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser Phe val Asn Met Glu
1 5 10 15
<210> 60

<211> 23

<212> PRT

<213> Phleum pratense

<400> 60

Gly Asp Glu Gln Lys Leu Arg Ser Ala Gly Glu Leu Glu Leu GIn pPhe
1 5 10 15

Arg Arg val Lys Cys Lys Tyr
20

<210> 61
<211> 20
<212> PRT
<213> pPhleum pratense

<400> 61

Gly Ala Tyr Asp Thr Tyr Lys Cys Ite Pro Ser teu Glu Ala Ala val
1 5 10 15

Lys Gln Ala Tyr

20
<210> 62
<211> 23
<212> PRT
<213> Alternaria alternata
<400> 62

Ser Asp Asp Ile Ehr Tyr val ala Thr Aga Thr Leu Pro Asn Tyr Cys
1 1 15

Arg Ala Gly Gly Asn Gly Pro
20

<210> 63
<211> 24
<212> PRT

<213> Alternaria alternata
<400> 63

Arg Asn Gly Phe Lys Arg Cys Leu GIn pPhe Thr Leu Tyr Arg Pgo Arg
1 5 10 1

Asp Leu Leu Ser ieu Leu Asn Glu
2

<210> 64
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<211>

<212> PRT

<213> Alternaria alternata
<400> ©64

Ala Ile Glu Leu Lys Ser Cys Asn Ala Leu Leu Leu Lys val Asn Gln
1 5 10 15

Ile Gly Thr Ile Thr Glu Ala
20

<210> 65

<Z211> 13

<212> PRT

<213> Alternaria alternata

<400> 65

Glu Phe I7e Lys Lys Ala Ile Glu Leu Lys Ser Cys Asn
1 5 10

<210> 66

<211> 12

<212> PRT

<213> Alternaria alternata

<400> 66

Ile Glu Leu Lys Ser Cys Asn Ala Leu Leu Leu Lys
1 5 10

<210> 67

<211> 23

<212> PRT

<213> Alternaria alternata

<400> 67

Cys Ala Glu Tyr Gly Ala Asp Leu Ala Ile Thr Tyr Asn Ser Arg Ala
1 5 10 15

Glu Gly Ala ggu Lys Asn Ala

<210> 68

<211l> 21

<212> PRT

<213> Alternaria alternata
<400> 68

Ala Thr Glu Leu Lys Gly Ala Tyr val Tyr Phe Ala Ser Asp Ala Ser
1 5 10 15

Ser Tyr Cys Thr Gly
20

<210> 69
<211> 22
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<212> PRT
<213> Alternaria alternata
<400> 69

Ser Asp Asp ITe Thr Tyr val Ala Thr Aéa Thr Leu Pro Asn Tyr Cys
1 5 1 i5

Arg Ala Gly Gly Asn Gly
20

<210> 70
<211> 20
<212> PRT

<213> Alternaria alternata
<400> 70

"Ala Ile His Trp val Asn Phe Gly Ile Tyr Phe Asn His Gly GIn Ala
1 5 10 15

Cys Cys Ala Gly
20

<210> 71

<211> 23

<212> PRT

<213> Alternaria alternata
<400> 71

Cys Ala Glu met Gly Ala Ala val Ala ITe Thr Tyr Ala Ser Arg Ala
1 5 10 15

GIn Gly Ala Glu Glu Asn val

20
<210> 72
<211> 9
<212> PERT
<213> Alternaria alrernata
<400> 72

Tyr Asn val Ala Lys Ala Gly Cys Ile
1 5

<210> 73

<211> 20

<212> PRT

<213> Alternaria alternata
<400> 73

Ala Ile Ser Trp val Asn Phe Gly Ile Phe Phe Asn His Gly GIn Cys
1 5 10 15

Cys Cys Ala Gly
20
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<210> 74

<211> 17

<212> PRT

<213> Alternaria alternata
<400> 74

Pro Asp Thr phe Asn Tyr val Lys Lys Glu Pro Ile Gly val Cys Arg
1 5 10 15

Ser

<210= 75

<21l> 14

<212> PRT

<213> Alternaria alternata

<400> 75

ser Tyr Asn val Ala Lys Ala Gly Cys Iie His Leu Ala Lys

1 5 10

<210> 76

<211 15

<212> PRT

<213> Betula sp

<400> 76

Cys Asn Glu ITe Lys Ile val Ala Thr Pro Asp Gly Gly Ser Ile
1 5 10 15
<210> 77

<211> 15

<212> PRT

<213> Betula sp

<4Q0> 77

Cys Asn Glu Ile Lys Leu val Ala Thr pro Asp Gly Gly Ser Thr
1 5 10 15
<210> 78

<211> 15

<212> PRT

<213> Betula sp

<400> 78

Cys Asn Glu Ite Lys Ile val Ala Thr Pro Asp Gly Gly Cys val
1 5 10 15
<210> 79

<21i> 14

<212> PRT

<213> Betula sp

<400> 79

Ser Asn Glu Ile Lys Ile val Ala Thr Pro Asp Gly Gly Cys
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<210>
<211>
<212>
<213>

<400>

Ser Asn Glu ITe Lys Ile val Thr Thr Pro Asp Gly Gly Cys val
1 5 10

<210>
<211>
<212>
<213>

<400>

1

Lys

<210>
<211>
<Z2iz>
<213>

<400>

Ala GTu Asn Phe %rg Ala Leu Cys Thr Gly Glu Lys Gly Asn Gly
1 10

<210>
<211>
<212>
<213>

<400>

N105103B sG GCw viLA Editable version of sequence Tisting.txt
5 10

80

15

PRT
Betula sp

80

15

81

17

PRT
Betula sp

81

Cys Asn Glu Ile Lys Ile val Ala Ala Pro Gly Gly Gly Ser TIle Leu
5 10

15

82

15

PRT
Betula sp

82

15

B3

21

PRT

Ambrosia artemisiifolia

83

ﬁsp Gly Cys Trp Arg Gly Lys Ala Asp Trp Ala Glu Asn Arg Lys Ala
5 10 ‘ 15

Leu Ala Asp Cys Ala

20
<210> B84
<211> 16
<212> PRT
<213>» Felis catus
<400> 84
Glu GIn val Ala GIn Tyr Lys Ala Leu Pro val val Leu Glu Asn Ala
1 5 10 i5
<210> 85
<211l> 16
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<212> PRT
<213> Felis catus

<400> B85

Lys Glu Asn Ala Leu Ser Leu Leu Asp Lys Ile Tyr Thr Ser Pro Leu
1 5 10

<210> 86
<21i1> 16
<212> PRT
<213> Felis catus
<400> B6

Ser Arg Val Leu Asp Gly Leu val Met Thr Thr Ile Ser Ser Ser Lys
1 5 10 15
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