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(57) Cette 1nvention concerne un procede permettant de
désensibiliser un patient contre un allergene de
polypeptide, lequel proceéde consiste a administrer au
patient un peptide derive de 1'allergene. Le peptide peut
faire preuve de restriction a 1’¢gard d’une molécule
MHC de classe II dont le patient est porteur. Le peptide
est en outre capable d’induire une réponse en phase
retardée chez un mndividu qui est porteur de cette
molecule MHC de classe II. Cette mnvention concerne
¢galement une composition comprenant plusieurs
peptides qui sont deérives d un allergene de polypeptide,
I’un au moins des peptides de cette composition pouvant
faire preuve de restriction a 1’¢gard d’une molecule
MHC de classe II. Cette composition permet en outre
d’induire une réponse en phase retardée chez un individu
qu est porteur de cette molecule MHC de classe I1. Cette
invention concerne enfin un procede de se€lection d un
peptide que 1'on utilise en qualit¢ d’agent immuno-
thérapeutique afin de désensibiliser un patient contre un
allergene de polypeptide capable d’€liciter une réponse
allergique chez ledit patient lorsque ce dernier est porteur
d’une molecule MHC de classe II particuliere. Ce
procede comprend les €tapes suivantes: (1) choisir un
peptide d intéréet potentiel qui est derive de 17allergene de
polypeptide; (2) déterminer s1 le peptide d interét
potentiel fait preuve de restriction a 1'¢gard de la
molécule MHC de classe II; et (3), determiner s1 le
peptide d’mterét potentiel est capable d’induire une
reponse en phase retardéee chez un individu qui est
porteur de cette molecule MHC de classe 11
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(57) A method of desensitising a patient to a polypeptide
allergen the method comprising administering to the
patient a peptide derived from the allergen wherein
restriction to a MHC Class II molecule possessed by the
patient can be demonstrated by the peptide and the
peptide 1s able to induce a late phase response 1 an
individual who possesses the said MHC Class I
molecule. A composition comprising a plurality of
peptides derived from a polypeptide allergen wherein for
at least one of the peptides 1n the composition restriction
to a MHC Class Il molecule can be demonstrated. and the
composition 1s able to mnduce a late phase response 1n an
individual possessing the given MHC Class II molecule.
The mvention also relates to a method of selecting a
peptide for use as an immunotherapeutic agent for
desensitising a patient to a polypeptide allergen capable
of eliciting an allergic response 1n the patient, which
patient possesses a particular MHC Class II molecule,
the method comprising the steps of (1) selecting a
candidate peptide derived from the polypeptide allergen,
(2) determining whether the candidate peptide
demonstrates restriction to the said MHC Class II
molecule, and (3) determining whether the candidate
peptide 1s able to induce a late phase response 1 an
individual who possesses the said MHC Class I
molecule.
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(54) Titlee METHODS AND COMPOSITIONS FOR DESENSITISATION
(57) Abstract

A method of desensitising a patient to a polypeptide allergen the method comprising administering to the patient a peptide derived
from the allergen wherein restriction to a MHC Class II molecule possessed by the patient can be demonstrated by the peptide and the
peptide is able to induce a late phase response in an individual who possesses the said MHC Class II molecule. A composition comprising
a plurality of peptides derived from a polypeptide allergen wherein for at least one of the peptides in the composition restriction to a
MHC Class II molecule can be demonstrated, and the composition is able to induce a late phase response in an individual possessing the
given MHC Class II molecule. The invention also relates to a method of selecting a peptide for use as an immunotherapeutic agent for
desensitising a patient to a polypeptide allergen capable of eliciting an allergic response in the patient, which patient possesses a particular
MHC Class II molecule, the method comprising the steps of (1) selecting a candidate peptide derived from the polypeptide allergen, (2)
determining whether the candidate peptide demonstrates restriction to the said MHC Class II molecule, and (3) determining whether the
candidate peptide is able to induce a late phase response in an individual who possesses the said MHC Class II molecule.
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METHODS AND COMPOSITIONS FOR DESENSITISATION

The present invention relates to methods and 'compositions for
desensitising patients who are hypersensitive to particular allergens,
especially polypeptide allergens. Moreover, the invention relates to
immunological vaccines which may be used to prevent and/or treat

conditions involving hypersensitivity to allergens.

The ability of the immune system to elicit a response to a particular
molecule depends critically upon its ability to recognise the presence of an
antigen. Classically, the term antigen has been associated with the ability
of a molecule to be an antibody generator via induction of B-cells. It 1s
now known, however, that T cells also possess the ability to recognise
antigens. T-cell antigen recognition requires antigen presenting cells
(APCs) to present antigen fragments (peptides) 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 the antigen 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 recognised. ‘

T lymphocytes have been implicated in the pathogenesis of a wide variety
of diseases involving immune recognition of antigens derived both from
the internal (host) and external environments. Autoimmune diseases such
as autoimmune 'thyroiditis, rheumatoid arthritis and lupus erythrematosus

arise from the recognition by the immune system of host, or self, antigens.

Recognition of external antigens by the immune system of an organism,
such as man, can in some cases result in diseases, known as atopic

conditions. An example of the latter are the allergic diseases including

PCT/GB99/00080
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asthma, atopic dermatitis and allergic rhinitis. In this group of diseases, B
lymphocytes generate antibodies of the IgE class (in humans) which bind
externally derived antigens, which are referred to in this context as

allergens, since these molecules elicit an allergic response. Production of

allergen-specific IgE is dependent upon T lymphocytes which are also

virtue of the expression by these cells of surface receptors for IgE.
Crosslinking of surface bound IgE molecules by allergen results in
degranulation of these effector cells causing release of inflammatory
mediators such as histamine, S-hydroxtryptamine and lipid mediators such
as the sulphidoleukotrienes. In addition to IgE-dependent events, certain
allergic diseases such as asthma are characterised by IgE-independent
events. It has been demonstrated that the induction of the late phase

reaction is an IgE-independent event which is dependent upon the

~ activation of allergen-specific T lymphocytes.

Allergic IgE-mediated diseases are currently treated with agents which
provide symptomatic relief or prevention. Examples of such agents are
anti-histamines, f, agonists, and glucocorticosteroids. In addition. some
IgE-mediated diseases are treated by desensitisation procedures that
involve the periodic injection of allergen components or extracts.

Desensitisation treatments may induce an IgG response that competes with
IgE for allergen, or they may induce specific suppressor T cells that block
the synthesis of IgE directed against allergen. This form of treatment is
not always effective and poses the risk of provoking serious side effects.

particularly general anaphylactic shock. This can be fatal unless

- recognised immediately and treated with adrenaline. A therapeutic

tréatment that would decrease or eliminate the unwanted allergic-immune

response to a particular allergen, without altering the immune reactivity to

2
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great benefit to allergic individuals.

Asthma can be provoked by inhalation of allergen in the clinical
laboratory under controlled conditions. The response is characterised by
an early asthmatic reaction (EAR) followed by a delayed-in-time late
asthmatic reaction (LAR) (See Allergy and Allergic Diseases (199‘7) A.B.

Kay (Ed.), Blackwell Science, pp 1113 to 1130). The EAR occurs within
minutes of exposure to allergen, is maximal between 10 and 15 min and
usually returns to near baseliné by 1 hour. It is generally accepted that the
EAR is dependent on the IgE-mediated release of mast cell-derived

mediators such as histamine and leukotrienes. In contrast the LAR reaches

The late asthmatic response is typical of responses to allergic stimulj
collectively known as late phase responses (LPR). LPR is seen

particularly in the skin and the nose following intracutaneous or intranasal

administration of allergens.

Using cat allergic individuals (rhinitic and asthmatic), Norman ez g/ (1996)
Am. J. Respir. Crit. Care Med. 154:1623-8 attempted to induce the
counterpart of murine experimental T cell tolerance by subcutaneous
Injection of "T cell reactive peptides" (termed IPC]1 and IPC2) in humans.
Peptides were designed on the basis of patterns of epitope recognition of
short overlapping peptides by Fel d 1 reactive T cell lines. [t was found
that peptides derived from chain } gave greater proliferative responses
than chain 2, with the majority of activity being associated in the N

terminal region of chain 1. IPC1 and [PC? were considerably longer (27

3
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amino acids each) than previously defined T-cell epitopes. This may have
been partly responsible for immediate (presumed IgE-mediated) reactions
In some patients following administration (Norman et al, Op. Cit.). Large

peptide doses (4 x 750 pg) were required to achieve minimal clinical

5 efficacy. The choice of peptides for therapy was based upon reactivity of
secondary T-cell lines derived from a large number of cat-allergic
individuals and did not take into account primary T-cell reactivity (ie ex

vivo), which may be more sensitive, or MHC class II haplotype.

10 Norman et al reported a number of adverse hypersensitivity reactions
Including respiratory, and other allergic, symptoms. As stated, some had a
rapid time of onset ie with 10 minutes whereas others were not observed
until several hours after IPC1/IPC2 administration (although there was no
local redness or swelling at the site of Injection). These resuits have been

15 interpreted as indicating the unsuitability of the peptides for
immunotherapy, the production of a LPR being considered to be
undesirable (Wheeler & Drachenberg (1997) Allergy 52:602-612).

WO 92/11859 describes a method of reducing the immune response to an
20  allergen in which a non-allergen derived, non-stimulating peptide which
binds to specific MHC class II molecules of APCs is used to inhibit T-cell

response to particular allergens.

WO 91/06571 purports to disclose peptides derived from human T-cell

25  reactive feline protein which can be used in the diagnosis. treatment or

prevention of cat allergy.

WO 94/24281 relates to peptides and modified peptides of the major house
dust mite allergens. The modified peptides have the intent of reducing the

30 level of undesirable side effects associated with desensitising therapies.
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We have observed that peptide allergens used in immunotherapy associate
with particular MHC types 1n patients. Moreover, successful
desensitisation of patients is achieved ‘where a peptide allergen is used

which is capable of giving an initial LPR in an individual to whom it is

administered.

The MHC complex is a genetic locus made up of a number of genes which

encode MHC molecules. MHC mo'lecules are also known as Human
Leucocyte Antigens (HLA).

Each individual inherits a number of MHC genes from each parent and the
genes are referred to collectlvely as the individual’s haplotype. Thns IS a
genetic term referring to the genes rather than the molecules they encode.
Although the term “haplotype” should, strictly speaking, be used to
describe the genes inherited from one parent, it is generally used to
Include genes from both sets of parents. Where the term is used in this
patent specification it is given this general meaning unless the context

Suggests the stricter meaning.

A first aspect of the invention provides a method of desensitising a patient
to a polypeptide allergen the method comprising administering to - the
patient a peptide derived from the allergen wherein restriction 1o a MHC
Class II molecule possessed by the patient can be demonstrated for the

peptide and the peptide is able to induce a late phase response in an

individual who possesses the said MHC Class [I molecule.

Restriction to a MHC Class II molecule possessed by the patient can be
demonstrated for the peptide by, for example, T cell reactivity to the

peptide. By “MHC Class II molecule possessed by the patient” is meant

5
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the particular type which type, of course. may be possessed by other
individuals which have the genes that encode the particular type of MHC

Class II molecule.

5 By a “peptide derived from the allergen” we include the meaning that the
peptide is chemically derived from the polypeptide allergen, for example
by proteolytic cleavage and we also include the meaning that the peptide is
derived in an intellectual sense from the polypeptide allergen, for example
by making use of the amino acid sequence of the polypeptide allergen and

10 synthe3151ng peptides based on the sequence. Peptides may be synthesised

using methods well known in the art, some of which are described in more
detail below.

By “peptide” we include not only molecules in which amino acid residues
1S 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 Méziere er al (1997) J. Immunol. 159, 3230-3237, incorporated herein
by reference. This approach involv}es making pseudopeptides containing
20 changes involving the backbone, and not the orientation of side chains.
Meéziere er al (1997) show that, at least for MHC class II 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.
25

Similarly, the peptide bond may be dispensed with altogether provided that

an appropriate linker moiety which retains the spacing between the Ca
atoms of the amino acid residues is used: it is particularly preferred if the
linker moiety has substantially the same charge distribution and

30  substantially the same planarity as a peptide bond.

6
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By “restriction to a MHC Class II molecule possessed by the patlent can
be demonstrated for the peptide” we mean that the peptide is able to bind
to a particular MHC Class II possessed by the patient. That is not to say
that a particular peptide cannot bind to another MHC Class II molecule.

Peptides are generally only recognised in the context of a “self” MHC
molecule, thus recognition of MHC-bound peptides by an individual’s T

cells is generally restricted by the MHC molecules expressed by the

mdw 1dual molecule.

Although binding to the given MHC Class II molecule may be
demonstrated directly using suitable samples from the patient, whether or
not a particular peptide can bind to a particular MHC Class II molecule (ie

s restricted by a particular Class II molecule) can readily be determined in

Determination of the MHC Class II haplotype of the patient or the

Identification of particular MHC Class II genes possessed by the patient

~can readily be determined using any suitable method as is well known in

the art, including the PCR-based methods described more fully below for
example techniques based on those of Olerup & Zetterquist (1992) Tissue
Antigens 29:225-235. Determination of the MHC Class II haplotype

indicates which MHC molecules are expressible by an individual.

By “late phase response” we include the meaning as set forth In Allergy

7



CA 02317724 2000-07-07

9/34826 PCT/GB99/00080
WO 9

and Allergic Diseases (1997) A. B. Kay (Ed.), Blackweli Science, pp
1113- 1130. The late phase response may be any late phase response
(LPR). Preferably, the peptide is able to induce a late asthmatic response
(LAR) or a late rhinitic response, or a late phase skin response or a late

5 phase ocular response. Whether or not a particular peptide can give rise
to a LPR can be determined using methods well known in the art; a
particularly preferred 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

10  allergic rhinitis. In: Handbook of Experimental Immunology (4) Chapter
127, Editor: Weir DM, Blackwell Scientific Publications, 1986 Not all
Individuals who possess the particular MHC Class II molecule would
experience a LPR following the administration of allergen or allergen-
derived peptides since generation of the LPR is dependent upon prior

15  allergic sensitisation to the allergen in question.

Thus, preferably, the peptide is able to induce a LPR in an individual who
possesses the said MHC Class II molecule and who has been sensitised to
the allergen in question. Whether or not an individual has been sensitised
20 to the allergen in question may be determined by well known procedures
such as skin prick testing with solutions of allergen extracts, induction of
cutaneous LPRs, clinical history, allergen challenge and radio-

allergosorbent test (RAST) for measurement of allergen specific IgE.

25 Preferably, the peptide is included in a composition containing a plurality
of peptides derived from the said allergen.  The peptides in the
composition may or may not be multiple overlapping peptides (MOPs)
derived from the polypeptide allergen. The plurality of peptides may be
derived from the whole of the polypeptide allergen and therefore the

30 peptides span the whole of the polypeptide chain or chains of the allergen.

8
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However, they may be derived from only portions of the polypeptide
| allergen such that some portions of the polypeptide allergen are not
represented in the plurality of peptides (for example, as is shown below,
some peptides derived from an allergen may not be very soluble in
3 aqueous solution and so may not be useful and other peptides may not
show restriction to MHC Class II molecules). MOPs or any peptides
derived from the allergen and present in the composition can be designed

by reference to the amino acid sequence of the polypeptide allergen.
Typically, the peptides are at least seven amino acid residues. Typically,
10 the peptides would be between around 14 to 18 amino acid residues in
length. It is preferred that the peptides have a reduced ability to bind IgE
compared to longer peptides containing the same sequence. It is
particularly preferred if the peptides are substantially incapable of binding
IgE. Typically, when the MOPs overlap, the overlap is around one amino
15 acid residue. This is particularly useful when the MOPs are used in in
vitro T cell assays in order to identify MHC-binding peptides which may
then be screened for their ability to induce LPR in an individual More

details of screening procedures are given below.

20 MHC Class II molecules are encoded by MHC Class II genes. There are
at least three loci (DR, DQ and DP) that encode MHC Class II molecules,
and each individual has two copies of each locus. These loci exhibit
considerable genetic diversity and the preponderance of different MHC
Class II genes (alleles) varies. The approximate frequencies of various

25  MHC Class II genes (alleles) from a normal (disease free) population of
people in England is described in Haworth S. Sinnott P, Davidson J &
Dyer P. Caucasian England Normal In: HLA Typing 1997, Eds:
Terasaki, PI and Gjertson, DW, Publishers: UCLA tissue typing

~ laboratory, incorporated herein by reference.
30
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For DR molecules, the most common in the Caucasian population are

those that can be classified DR1, DR2. DR3, DR4, DRS. DR6. DR7
DR51, DR52 and DRS3.

5 For DP molecules, the most common are DPB1*0201 DPBI*OBOI and

DPB 1*0401.

For DQ molecules, the most common are DQB1*0201, DQB1*0301,

DQB1*0501, DQB1*0601 and DQB1*0602.
10

It is particularly preferred if the plurality of polypeptldes admmlstered

molecules can be demonstrated It is particularly preferred if the plurality
of peptides admmlstered to the patient includes peptldes for which
restriction to the MHC Class II DR molecules DR2, DR3, DR4, and DR7
can be demonstrated. In a further embodiment it is preferred if the

15

plurality of peptides further includes pepndes for which restriction to any

one or more of the MHC Class II DR molecules DR1, DRS and DR6 can
be demonstrated.

20

It is also particularly preferred if the plurality of p,eptides administered to

the patient includes peptides for which restriction to the MHC Class II DR
- molecules DR51, DR52 and DR53 has been demonstrated.

25 It is also particularly preferred if the plurality of peptides administered to

the patient includes peptides for which restriction to the MHC Class II DP

molecules DPB1*0201. DPB1*0301 and DPB1*040]
demonstrated.

can be

30 It 1s also particularly preferred if the plurality of peptides administered to

10
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the patient includes peptides for which restriction to the MHC Class II DQ
molecules DQB1*0301 and DQB1*0601 can be demonstrated. In a
further embodiment it is preferred if the plurality of peptides further
includes peptides for which restriction to any one or more of the MHC
5 Class I DQ molecules DQB1*0201, DQB1*0501 and DQB1*0602 can be

demonstrated.

It is preferred if the plurality of peptides includes only a single peptide for
which restriction to a particular MHC Class II molecule can be

10 demonstrated.

Restriction to a particular Class II molecule can be demonstrated as has
been described above and is described in more detail below. It will be
appreciated that it may not be possible to derive a peptide for which

I5 restriction to a particular Class II molecule can be demonstrated: for
example, a particular polypeptide allergen may not contain a T cell epitope
which can be presented by every MHC Class II molecule. In this case, of
course, such a peptide is not present in the plurality of peptides derived
from the polypeptide allergen.

20
By “desensitising a patient to a polypeptide allergen” is meant inhibition
or dampening of allergic tissue reactions induced by allergens in
appropriately sensitised individuals. It will be appreciated that whether or
not a patient is sensitive to a particular polypeptide allergen can be

25 assessed using well known procedures such as skin prick testing with
solutions of allergen extracts, induction of cutaneous LPRs, clinical
uhistory, allergen challenge and radio-allergosorbent test (RAST) for
measurement of allergen specific IgE, and whether or not a particular
patient is one who is expected to benefit from treatment may be

30 determined by the physician based, for example, on such tests.

11
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Administfation of the peptide (such as the composition containing a
plurality of peptides) may be by any suitable method, some of which are
described below in more detail. Suitable amounts of the peptide may be
determined empirically, but typically are in the range given below. As is
described in a further aspect of the invention below, the invention also
Includes a method of determining an initial dose of peptide which is
suitable to administer to the patient. A single administration of the peptide
may be sufficient to have a beneficial effect for the patient, but it will be
appreciated that it may be beneficial if the peptide is administered more
than once, in which case typical administration regimes may be, for
example, once or twice a week for 2-4 weeks every 6 months, or once a

day for a week every four to six months.

A second aspect of the invention provides a composition comprising a
plurality of peptides derived from a polypeptide allergen wherein for af
least one of the peptides in the composition restriction to a MHC Class II
molecule can be demonstrated and the composition is able to induce a late
phase response in an individual possessing the given MHC Class II
molecule. Preferably, at least one peptide is present in the composition
for which resiriction to each of MHC Class II DR molecules DR2, DR3.
DR4 and DR7 can be demonstrated, provided of course that such peptides

can be derived from the allergen.

Also preferably the composition may Include peptides for which restriction

0 any one or more of the MHC Class II DR molecules DR1, DRS and
DR6 can be demonstrated.

Preferably, at least one peptide is present in the composition for which
restriction to each of 'MHC Class II DR molecules DRSI,_ DR52 and
DR53 has been demonstrated.

12
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Preferably, at least one peptide is present in the composition for which

restriction to each of MHC Class II DP molecules DPB1*0201,
DPB1*0301, and DPB1*0401 can be demonstrated.

Preferably, at least one peptide is present in the composition for which

restriction to each of MHC Class DQ molecules DQB1*0301 and
DQB1*0601 can be demonstrated. In a further embodiment it is preferred
iIf the plurality of peptides further Includes peptides for which restriction to
any one or more of the MHC Class II DQ molecules DQB1*0201,
DQB1*0501 and DQB1*0602 can be demonstrated.

These preferences are all with the proviso that for any particular allergen

It may not be possible to derive a peptide for which restriction to a

particular Class II molecule can be demonstrated.

Although the composition (or a peptide within the composition) is able to

Induce a LPR in an individual possessing the given MHC Class II
molecule (and as described below in more detail suitable compositions and
peptides may be identified by their ability to induce a LPR), it should be
appreciated that when the composition (or a peptide within the
composition) is used to treat a patient it is preferable that a sufficiently
low concentration of the composition or peptide 1s used such that no
observable LPR will occur but the response will be sufficient to partiaily
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, of course, the composition or peptide is able to do so at a
higher concentration than is administered. It will be appreciated further,

and as discussed in more detail below, induction of LPR in an Individual

13
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Is particularly useful in selecting appropriate compositions and peptides

but is not essential in the clinical efficacy and treatment stages.

[t will be appreciated that the composition may contain as many or as few
peptides derived from the polypeptide allergen as will make it useful.
Although in one embodiment of the method of desensitising the patient of

the first aspect of the invention a single peptide may be administered to the

patient wherein the peptide demonstrates restriction to a MHC Class II

molecule possessed by the patient and the peptide is able to induce a late
phase response in an individual who possesses the said MHC Class I
molecule, it is preferred if the composition of the second aspect of the
invention contains sufficient number of peptides, each of which
demonstrate restriction to a particular MHC Class II molecule and which
are able to induce a late phase response in an individual who possesses the
said MHC Class II molecule, such that for at least 75% of the population a
peptide is present in the composition which is MHC Class II restricted and
which is capable of inducing a late phase response in an individual with an
appropriate restricted MHC Class II molecule. More preferably the
composition contains sufficient peptides such that for at least 80% of the
population (and still more preferably at least 85%, or yet still more
preferably 90% of the population) a peptide is present in the composition
which is MHC Class II restricted and which is capable of inducing a late

phase response in an individual with an appropriate restricted MHC Class

" II molecule.

In a particularly preferred embodiment, the composition contains (as the

only polypeptide allergen-derived peptide components of the composition)
peptides which are MHC Class II restricted and which are capable of
Inducing a LPR in an individual who possesses the given MHC Class II

molecule. Preferably, the composition contains as the only polypeptide
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allergen-derived peptide components a sufficient number of peptides, each
of which demonstrate restriction to a particular MHC Class II molecule '
and which are able to induce a LPR in an individual who possesses the
said MHC Class II molecule, such that for at least 75% of the population a
5 peptide is present in the composition which is MHC Class II restricted and
which is capable of inducing a LPR in an individual with an appropriate
- restricted MHC Class II molecule.

It 1s well known that the frequency of particular MHC Class II molecules
10 In a population varies with ethnic groups, and that for at least some ethnic
groups the frequency of particular MHC Class I molecules is known (see,
for example, HLA Typing 1997, supra). For example, the frequency of
particular MHC Class II molecules is different in the Caucasian population
compared to the Mongoloid population or Negroid population and so on.
15 It will readily be appreciated that the polypeptide allergen-derived peptides
to be included in a composition of the invention may be selected according
to the ethnic group to which the patient belongs. For example,
compositions of the invention may readily be prepared for desensitisation
to a particular polypeptide allergen by reference to the MHC Class II gene

20  frequencies in the Caucasian or Mongoloid or Negroid populations.

A third aspect of the invention provides a composition of the second
aspect of the invention packaged and presented for use in medicine. In
particular, the composition will be packaged and presented with an
25 indication of who may be treated (in particular who may benefit from

being treated) with the composition including, if desirable, an indication of

the MHC Class II molecules to which the peptides within the composition

are restricted.

30 It will be appreciated that the composition of the second aspect of the
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invention is conveniently administered to the patient according to the

method of the first aspect of the invention.

A fourth aspect of the invention provides a pharmaceutical formulation
comprising a composition according to the second aspect of the invention
and a pharmaceutically acceptable carrier. Suitable ingredients for

pharmaceutical formulations are described in more detail below.

A fifth aspect of the invention provides the use of a peptide derived from a
polypeptide allergen wherein restriction to a MHC Class II molecule
possessed by a patient can be demonstrated for the peptide and the peptide
Is able to induce a late phase response in an individual who possesses the
said MHC Class II molecule in the manufacture of a medicament for

desensitising a patient to said polypeptide allergen.

A sixth aspect of the invention provides the use of a composition
according to the second aspect of the invention in the manufacture of a

medicament for desensitising a patient to said polypeptide allergen.

It will be appreciated that with respect to the method of the first aspect of
the invention it may be desirable to determine which MHC Class II
molecules the patient possesses in order to select an appropriate peptide or
composition to administer to the patient. (It will be appreciated that this
may be determined by determining the MHC haplotype of the individual
by genetic means.) This is particularly desirable when the administration
of a single peptide is contemplated. However, it will also be appreciated
that when a composition is used which contains sufficient number of
pepudes, each of which demonstrate restriction to a particular MHC Class
[I molecule and which are able to induce a late phase response in an

individual who possesses the said MHC Class II molecule. such that for at
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least 75% (or more preferably 80%, or 85% or 90%) of the population a
peptide 1s present in the composition which is MHC Class II restricted and
which is capable of inducing a late phase response in an individual with an
appropriate restricted MHC Class II molecule, then it may not be
5 necessary or desirable to type the patient to determine which MHC Class

II molecules he or she possesses.

The polypeptide allergen may be any polypeptide allergen, some of which
are described in more detail bélow.
10
A seventh aspect of the invention provides a method of selecting a peptide
for use as an immunotherapeutic agent for desensitising a patient to a
polypeptide allergen capable of eliciting an allergic response in the patient,
which patient possesses é particular MHC Class II molecule, the method
15 comprising the steps of (1) selecting a candidate peptide derived from the
polypeptide allergen, (2) determining whether the candidate peptide
demonstrates restriction to the said MHC Class II molecule, and (3)
determining whether the candidate peptide is able to induce a late phase

response 1n an individual who possesses the said MHC Class II molecule.

20

The candidate peptide may be any peptide derived from the polypeptide

allergen and 1is, conveniently, a polypeptide in the size range described

elsewhere as being a suitable size of a peptide for use in immunotherapy.

25 Whether or not the candidate demonstrates restriction to the said MHC

Class II molecule may be determined by any suitable method such as those

well known 1n the art, some of which are described in the Examples.

Whether or not the candidate peptide is able to induce a LPR can be

30  determined by the methods described herein and which are well known in
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the art. It is particularly preferred if step (2) is carried out prior to step
(3) and only candidate peptides which demonstrate restriction to the

particular MHC Class II molecules are selected for testing in step (3).

It 1s particularly preferred that the individual in step (3) is an appropriately
sensitised individual: that is to say an individual who has been sensitised
previously to the allergen in question. It is those peptides which are
capable of inducing a LPR and which demonstrate restriction to the
particular MHC Class II molecule which are selected as an immuno-

therapeutic agent.

Determination of whether the candidate peptide demonstrates restriction to

the said MHC Class I molecules may cdnveniently be done using a

suitable T cell activation assay.

Thus, in one preferred embodiment the invention provides a method for
selecting a peptide for use as an immunotherapeutic agent for desensitising
a patient to an allergen capable of eliciting an allergic response in the
patient which patient possesses a particular MHC Class II haplotype,

comprising the steps of:

a) administering a candidate peptide to an individual who possesses

the same said MHC Class II molecule as the patient and determining

whether the peptide induces a late phase response; and

b) selecting a peptide capable of inducing a late-phase response as anl

immunotherapeutic agent.

The individual 10 whom the candidate peptide is administered for the

purpose of determining whether the peptide induces a LPR may or may

18
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not be the patient.

In an eighth aspect. the invention provides a method for testing for

candidate peptides for further selection according to the preferred

5 embodiment discussed immediately above of the Invention, comprising the

steps of:

~ a) assaying a peptide or peptides in a T-cell activation assay and

selecting peptides capable of inducing activation of an individual’s T-cells;

10
b) tissue-typing the individual to determine MHC type:
C) determining the MHC molecule(s) bound by each candidate
peptide; and
15
d) selecting a peptide or peptides satisfying part (a) above and capable
: of binding to an MHC type possessed by the individual. for use as a
candidate peptide in a method according to the preferred embodiment
' discussed immediately above.
20

In a ninth aspect, the invention provides a method for selecting a peptide
for use as an immunotherapeutic agent for desensitising a patient to an

allergen comprising the steps of:

25 a) tissue-typing the patient to determine MHC Class II type; and

b) selecting, from a database of peptides which are known to bind to
particular MHC molecules and induce a late phase response in an
individual possessing such MHC Class II molecules, one or more peptides

30 capable of binding to the MHC Class II molecules possessed by the
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individual.

Preferably, the individual is an appropriately sensitised individual who has

been sensitised previously to the allergen in questiOn.‘

In a tenth aspect, the invention provides a database of peptides

characterised according to the seventh and eighth aspects of the invention.

TCRs are highly variable in théir specificity. Variability is generated, as
10 with antibody molecules, through gene recombination events within the
cell. TCRs recognise antigen in the form of short peptides bound to
molecules encoded by the genes of the Major Histocompatibility Complex
(MHC). These gene products are the same molecules that give rise to
“tissue types” used in transplantation and are also referred to as Human
15 Leukocyte Antigen molecules (HLAs) which terms may be used
interchangeably within this document. Individual MHC molecules possess
'peptide binding grooves which, due to their shape and charge are only
capable of binding a limited group of peptides. The peptides bound by one
MHC molecule may not necessarily be bound by other MHC molecules.
20 As a result of this restricted peptide-MHC binding, T cell receptor
recognition of a particular peptide is said to be “restricted” by the MHC
molecule to which the peptide is bound. As used herein the term
“allergen peptide-binding MHC” will be used to mean the MHC
molecule(s) that bind the said allergen or allergen-derived peptide.
25
When a protein molecule such as an antigen or allergen is taken up by
antigen presenting cells such as B lymphocytes, dendritic cells, monocytes

and macrophages, the molecule is enzymatically degraded within the cell.
The process of degradation gives rise to peptide fragments of the molecule

30 which, if they are of the appropriate size, charge and shape, may then
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bind within the peptide binding groove of certain MHC molecules and be
subsequently displayed upon the surface of antigen presenting cells. If the
peptide/MHC complexes are present upon the antigen presenting cell

surface in sufficient numbers they may then activate T cells which bear the

- appropriate peptide/MHC-specific T cell receptors.

Due to the polymorphic natre of the MHC, individuals in an outbred
population such as man will express different combinaiions of MHC
molecules on their cell surfaces. Since different MHC mblecules can bind
different peptides from the same molecule based on the size, charge and
shape of the peptide, different individuals will display a different

repertoire of peptides bound to their MHC molecules.

Identification of universal MHC-binding peptide epitopes in an outbred
population such as man is more difficult than in inbred animals (such as
certain strains of laboratory mice). On the basis of differential MHC
expression between individuals and the inherent differences in peptide
binding and presentation which this brings, it is unlikely that a single
peptide can be identified which will be of use for desensitisation therapy in
man for most diseases unless the association of a particular MHC
molecule with that disease is very strong. For example, the HLA-B27
molecule has been shown to have a close relationship with ankylosing
spondylitis, where approximately 90% of sufferers express HLA-B27. For
some autoimmune diseases, certain disease HLA associations have been
demonstrated eg HLA-DR4 and rheumatoid arthritis. but these

associations are much weaker than for ankylosing spondylitis.

In allergic diseases, associations are even weaker if demonstrated at all.

For this reason, it is unlikely that therapies centred around a single peptide

(even an immunodominant one) or small numbers of peptides will be
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optimally effective as desensitisation therapies. The conclusion drawn in
the art where MHC binding alletgen epitopes have been identified is that
even if an immunodominant epitope is identified, it would appear that it is
required to react with a variety of restricted MHCs to be of therapeutic
value (see Van Neerven RIJ er al (1994) J Immunol 152, 4203-4210;
Higgins JA et al (1994) J Allerg Clin Immunol 93, 891-899).

As set forth herein, it has now been observed that a patient may be

desensitised to a particular allergen by the administration of a peptide or a

composition containing a peptide that is able to bind to at least one MHC
molecule of said patient and which is able to induce a LPR .in an
individual who possesses the same MHC Class II molecule type.

According to the present invention, therefore, the concept of “universal”

desensitising peptides is rejected in favour of a selective approach which

takes into account tissue type. Nevertheless, it will be appreciated that

using a composition containing a plurality of peptides according to the
present nvention may be “universal” in the sense that a single
composition may be used for most of the population, but that this is still

selective on the basis that the composition contains peptides which are

restricted by a particular MHC Class II molecule.

It can be hypothesised that eosinophil-dependent mucosal tissue damage,
Including LPR, is under T-cell control. For example, by in situ
hybridisation the numbers of mRNA positive cells for the Th2-type (IL-4
and IL-5) and eosinophil-active cytokines (IL-3, IL-5 and GM-CSF) were
shown to be elevated in asthmatics both at baseline (Robinson er al (1992)
N Engl J Med 326: 298-304) and following allergen-induced LAR
(Bentley er al (1993) Am J Respir Cell Mol Biol 8:35-42). Furthermore
IL-4 and IL-5 mRNA co-localised largely 1o CD4+ T cells (Ying er af
(1997) J Immunol 158:3539-3544). A T cell component of the LAR is also
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suggested by the observation that cyclosporin A attenuated the LAR, but
not the EAR, provoked by allergen inhalation (Sthra et al (1997) Thorax
32:447-452). Furthermore a single infusion of anti-CD4 produced
significant Improvement In  lung function In  chronic
corticosteroid-dependent asthmatics. However it has been difficult to
determine whether T cell activation, as an Initiating event, leads directly to

airway narrowing in asthmatic patients and therefore an asthmatic

response.

As described herein, it has now been shown that T cells can be selectxvely
activated, and then rendered unresponsive. Moreover the anergising or

elimination of these T-cells leads to desensitisation of the patient for a

‘particular allergen. The desensitisation manifests itself as a reduction in

response to an allergen or allergen-derived peptide, or preferably an
elimination of such a response, on second and further administrations of
the allergen or allergen-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.

Based on these results, the invention provides a method for desensitising a
patient to a polypeptide allergen which comprises the administration to the
patient of a peptide specifically selected to induce LPR and subsequent
desensitisation in the patient wherein the peptide is restricted by a
particular MHC Class II molecule and capable of inducing LPR in an
individual who possesses the given MHC Class II molecule to which the

peptide is restricted. The peptides for desensitisation may be selected

according to whether they induce LPR.

LPR is defined as set forth in Allergy and Allergic Diseases (1997) A.B.
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Kay (Ed.), Blackwell Science, pp 1113 to 1130, and includes asthmatic,

cutaneous and nasal late phase responses as described above.

As noted above, the peptide which is administered may be included in a

composition containing a plurality of peptides derived from the all'ergen.

Preferably, the peptides are derivatives of the allergen itself, and retain at
least one common antigenic determinant of the allergen. "Common
antigenic determinant" means that the derivative in question retains at least

one antigenic function of the allergen. Antigenic functions Include

~ possession of an epitope or antigenic site that is capable of binding to

TCRs which recognise the allergen or fragments thereof. Thus, the
peptides provided by the present invention include splice variants encoded
by mRNA generated by alternative splicing of a ‘primary transcript
encoding the allergen, amino acid mutants. glycosylation variants and
other covalent derivatives of the allergen which retain at least an
MHC-binding property of the allergen. Exemplary derivatives include
molecules wherein the peptide of the invention is covalently modified by
substitution, chemical, enzymatic, or other approp.riate means with a
moiety other than a naturally occurring amino acid. Further included are

naturally occurring variants of the allergen found in a particular species.

~ Such a variant may be encoded by a related gene of the same gene family,

by an allelic variant of a particular gene, or represent an alternative

splicing variant of the allergen gene.

- Derivatives of the allergen also comprise mutants thereof, which may

contain amino acid deletions, additions or substitutions, subject to the
requirement to maintain at least one feature characteristic of the allergen.

Thus, conservative amino acid substitutions may be made to peptides

~according to the invention substantially without altering the nature of the
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allergen, as may truncations from the N or C termini. Deletions and

substitutions may moreover be made to the fragments of the allergen

comprised by the invention. Peptides may be produced from a DNA which

'has been subjected to in vitro mutagenesis resulting eg in an addition,

exchange and/or deletion of one or more amino acids. Preferably,
peptides are produced by peptide synthesis according to known techniques
using commercially available peptide synthesisers. Mutations and/or
truncations may thus be made by changing the amino acid sequence during

the synthesis procedure.

Suitable variants capable of binding to TCRs may be derived empirically

or selected according to known criteria. Within a single peptide there are

~ certamn residues which contribute to binding within the MHC antigen

binding groove and other residues which interact with hypervariable
regions of the T cell receptor (Allen et al (1987) Nature 327:713-5).
Within the residues contributing to T cell réceptor Interaction, a hierarchy
has been demonstrated which pertains to dependency of T cell activation
upon substitution of a given peptide residue. Using peptides which have
had one or more T cell receptor contact residues substituted with a
different amino acid, several groups have demonstrated profound effects
upon the process of T cell activation. Evavold & Allen (1991) Nature
252:1308-10) demonstrated the dissociation of T cell proliferation and
cytokine production. In this in vitro model, a T cell clone specific for
residues 64-76 of haemoglobin (in the context of I-E*), was challenged
with a peptide analogue in which a conservative substitution of aspartic
acid for glutamic acid had been made. This substitution did not
significantly interfere with the capacity of the analogue to bind to I-E.
Following in vitro challenge of a T cell clone with this analogue, no
proliferation was detected although IL-4 secretion was maintained, as was

the capacity of the clone to help B cell responses. In a subsequent study
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the same group demonstrated the separation of T cell-mediated cytolysis
from cytokine production. In this instance, the fortncr remained unaitered
while the latter was impaired. The efficacy of altered peptide ligands in
vivo was initially demonstrated in a murine model of EAE (experimental

5 allergic encephalomyelitis) by McDevitt and colleagues (Smilek er al
(1991) Proc Natl Acad Sci USA 88:9633-9637). In this model EAE is

' induced by immunisation with the encephalitogenic peptide Acl-11 of
MBP (myelin basic protein). Substitution at position four (lysine) with an
alanine residue generated a peptide which bound well to its restricting

10 element (Aa"AB"), but which was non-immunogenic in the susceptible
PL/JxSJLF1 strain and which, furthermore prevented the onset of EAE
when administered either before or after immunisation with the

encephalitogenic peptide. Thus, residues can be identified in peptides

which affect the ability of the peptides to induce various functions of
15 T-cells.

Advantageously, peptides may be designed to favour T-cell proliferation
and induction of desensitisation. Metzler and Wraith have demonstrated
improved tolerogenic capacity of peptides in which substitutions Increasing
20 peptide-MHC affinity have been made (Metzler & Wraith (1993) Inz
Immunol 5:1159-65). The demonstration that an altered peptide ligand can
cause long-term and profound anergy in cloned T cells (Sloan-Lancaster et
al (1993) Nature 363:156-9) is particularly relevant to the applications of
such peptide analogues in immunotherapy for diseases such  as
25  autolmmunity ' and allergy, in addition to the induction of

host/donor-specific tolerance in transplantation.

Derivatives which retain common antigenic determinants are preferably

fragments of the allergen. Fragments of the allergen comprise individual

30 domains thereof, as well as smaller polypeptides derived from the
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domains. Preferably, smaller polypeptides derived from the allergen
according to the invention define a single epitope of the allergen capable
of binding a TCR. Fragments may in theory be almost any size, although
smaller fragments are more likely to be restricted to a single MHC

5 molecule and are thus preferr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>