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IMMUNOTHERAPEUTIC METHODS AND
MOLECULES

[0001] The present invention relates to immunotherapeutic
methods, and molecules and cells for use in immunothera-
peutic methods. In particular, the present invention relates to
the immunotherapy of Aspergillus infection, including adop-
tive immunotherapy.

[0002] The listing or discussion of an apparently prior-
published document in this specification should not necessar-
ily be taken as an acknowledgement that the document is part
of the state of the art or is common general knowledge.
[0003] Infectious complications are the leading cause of
death in immunosuppressed and immunocompromized indi-
viduals, including patients receiving allogeneic haematopoi-
etic stem cell transplantation (HSCT). Systemic fungal infec-
tions are highly prevalent and also the most detrimental
pathogens invading patients'* with immune deficiencies.
Aspergillus fumigatus is the most relevant fungus in this
subgroup, causing predominantly invasive infections of the
oropharynx and the respiratory system with a mortality of up
to 80% in some patient cohorts®. With the advance of new
treatment modalities for patients otherwise not medically fit
to be offered a potentially curative allogeneic HSCT, the
incidence of Invasive Aspergillosis (IA) and the mortality
attributed thereto has further increased in recent years. This
epidemiological change was observed despite the broad use
of new antifungal chemotherapy such as voriconazole®*.
Therefore more effective prevention and treatment options
are highly warranted for the control of 4. firmigatus infections
in patients undergoing allogeneic HSCT.

[0004] Aspergillus is a group of around 200 mould species
found worldwide. As it is ubiquitously distributed, it is esti-
mated that humans inhale presumably several hundreds of
Aspergillus conidia every day. Some of the Aspergillus spe-
cies are associated with pathogenic infectious diseases in
humans and animals, including Aspergillus fumigatus,
Aspergillus niger, Aspergillus terreus and Aspergillus flavus.
Allergic disease is mainly attributed to A. fumigatus and A.
clavatus. Aspergillus fumigatus is a saprophytic, filamentous
fungus predominantly found in the soil.

[0005] Despite this persistent contact with pathogen,
healthy individuals in general do not develop symptomatic
Aspergillus infections implicating that an effective local
immune response must be existent and capable of clearing the
infection’. The first line of defence in preventing 4. fumigatus
conidia from becoming pathogenic invasive hyphae are
alveolar macrophages which phagocytose inhaled conidia
and eliminate the pathogen through intracellular reactive oxy-
gen intermediates (ROI)%’. Should A. finmigatus however
start to invade the host by initiating germination, the second
line of innate defense is activated. Neutrophilic granulocytes
adhere to the hyphal wall and release both ROI and hydrolytic
enzymes in close proximity to the fungus resulting in irrepa-
rable damage to the fungal wall®.

[0006] In allogeneic SCT recipients multiple adverse fac-
tors contribute to the high incidence of 4. fumigatus infec-
tions. Firstly, the respiratory mucosal and epithelial barrier is
considerably damaged through the conditioning regimens
resulting in more widespread germination of inhaled
conidia'. Secondly, neutrophilic granulocyte counts are tran-
siently reduced in the treated patient resulting in an inferior
secondary line of innate defense. Neutrophilic granulocyte
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counts are reconstituted on average at day 12-15 after trans-
plantation of allogeneic peripheral stem cells, entailing a
vastly increased protection against bacterial infection. But
despite this early neutrophil reconstitution in allogeneic
HSCT recipients, the rate of fungal infections remains high
during later months™*.

[0007] One potential explanation for this observation is the
prolonged immune suppression conducted for the prevention
and treatment of graft-versus-host disease (GvHD), implicat-
ing that adaptive immunity may also contribute to the control
of IA. This hypothesis is strengthened by numerous murine
model systems showing that previous infection with sublethal
doses of A. fumigatus conidia and other fungal antigens pro-
tects mice against lethal rechallenge with the pathogen®'°.
Furthermore, adoptive transfer of CD4* T cells from immu-
nized animals transfers protective immunity to otherwise sus-
ceptible naive recipient mice, stressing the crucial role of
adaptive immunity in protecting the host' "', In addition to
this data, murine experiments applying conditions favoring
either a Tj;1 or T2CD4" T-cell response revealed that only
T,1CD4* T cells protected the host from lethal challenge
with Aspergillus, whereas the induction of T2 responses
often exacerbated disease®'3.

[0008] The Aspergillus £16 allergen has been the focus of
studies by others, and immune responses to various peptides
have been investigated?”-2%%,

[0009] Recent work by the inventors’ group utilizing crude
A. fumigatus extract as well as work done by other groups,
demonstrated that healthy humans also exhibit a memory
response for this pathogenic fungus'**”. As in rodents, the T
cellresponse is dominated by CD4* T cells witha T,,1-biased
phenotype. However, it has so far not been possible to turn
these basic findings into clinical applications because the
memory T cell population specific for 4. fumigatus has not
been further characterized by identification of immunogenic
antigens.

[0010] Human diseases associated with Aspergillus include
Allergic Bronchopulmonary Aspergillosis (ABPA), Invasive
Aspergillosis (IA), Aspergilloma, and Chronic Aspergillus
sinusitis. ABPA is caused by the presence of Aspergillus in
the bronchopulmonary region leading to inflammation and
allergic responses. Bronchiectasis and long-term lung degen-
eration develops with symptoms similar to asthma. Invasive
Aspergillosis is associated with immune deficiencies. The
infection usually begins in the lungs and may transfer to other
organs. The mortality rate associated with IA is high.
Aspergilloma results when other conditions create cavities in
the lung which allow the Aspergillus spores to germinate, and
to colonize the area, forming a fungal ball. The disease is
often chronic and incurable. Chronic Aspergillus sinusitis
develops in the sinus in a similar manner to aspergilloma in
the lungs. There is increasing belief that many chronic sinus
problems are a result of allergic reactions to fungus.

[0011] We present data on the identification of the HLA
context in which an immunodominant epitope of the Asp £16
antigen is presented for immune system recognition in
humans. This is HLA-DRB1*04, the most abundant MHC
class II allele in the human population and we demonstrate
that such epitope-specific T cells can be activated by antigen-
presenting cells fed with germinating 4. fimigatus conidia or
hyphae. Furthermore we also demonstrate that innate
immune cells can be conditioned by Aspergillus-specific T
cell immunity resulting in enhanced killing of 4spergillus
fumigatus by innate effector cells.
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[0012] Surprisingly, we have found that CD4* T cells spe-
cific for the HLA-DRB1*04 restricted peptide containing the
epitope or an immunogenic fragment thereof are specifically
activated by germinating A. fimigatus conidia and hyphae,
whereas resting conidia have only limited stimulatory capac-
ity and other fungal pathogens like Candida albicans fail to
induce activation.

[0013] The Aspergillus-specific CD4™ T cells are useful in
adoptive T cell therapy which may be of benefit in patients
with evidence of Aspergillus-related diseases, or for prophy-
lactic or preemptive therapy, for example in asymptomatic
HSCT recipients. The discovery of the HLA restriction of the
FHT immunodominant peptide allows the identification of
the specific patients that can benefit from the use of this
peptide in immunotherapy protocols. In addition to this any
cell product manufactured using this peptide can utilize the
discovery of the HL A restriction to enumerate and define the
cell product as well as track the Aspergillus specific T cells
directly ex vivo by using techniques such as MHC multimer
technology as discussed below.

[0014] The following peptides, polypeptides, polynucle-
otides, expression vectors and host cells are useful in the
practice of the invention.

[0015] A first aspect of the invention provides a peptide of
less than 10 000 molecular weight comprising the amino acid
sequence FHTYTIDWTKDAVTW or a portion thereof, or a
variant thereof wherein the side chains of one or two or three
or four or five or six or seven of the amino acid residues are
altered, wherein the peptide containing portion, or the variant,
is capable of binding HLA-DRB1*04.

[0016] The specific peptide with the amino acid sequence
FHTYTIDWTKDAVTW has been called the FHT peptide,
and has been shown to bind to HLA-DRB1*04.

[0017] HLA-DRB1*04  includes the  sub-types
DRBI1*0401, DRB1#0402, DRB1*#0403, DRB1*¥0404 and
DRB1*0408. For the avoidance of doubt we include all of
these in the term DRB1#04.

[0018] The peptide of the invention will bind HLA-
DRB1*04 which is one of the most prevalent Class II HLA
alleles in the human population.

[0019] Preferably, the peptide of the invention per se does
not include the peptides FHTYTIDWTKDAVTW, or PVAT-
PQETFHTYTID, or PQETFHTYTIDWTKD, or TIDWTK-
DAVTWSIDG, or TKDAVTWSIDGAVVR, or HTYTID-
WTKDA. For the avoidance of doubt, these peptides, and in
particular the peptides FHTYTIDWTKDAVTW and
HTYTIDWTKDA (or peptides comprising these amino acid
sequences) may be used in the practice of the methods and
MHC multimer complexes of the invention, and may be used
in pharmaceutical formulations and medicaments as
described below.

[0020] Whether or not a peptide binds to HLA-DRB1*04
may be determined using any method known in the art. A
suitable method is shown in Example 1, with particular ref-
erence to FIG. 2B. One method s to introduce the peptide into
PBMCs taken from an HLA-DRB1%04 human and determine
whether an activating or proliferative response is obtained
which is indicative of binding. Binding to HLA-DRB1*04
may also be assessed using the methods described in FIGS. 7
and 8.

[0021] The recognition of harmful pathogens or disease
causing mutations within self tissue occurs through two
mechanisms within the human immune system. Antibody
molecules expressed by B cells bind with biological mol-
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ecules, typically expressed on the surface of invading micro-
organisms or deviant self cells, in highly specific manner and
will label these molecules in a manner which will trigger an
appropriate immune response. In addition to the antibody
response, pathogens and disease causing mutations can be
detected due to unique proteins expressed by the pathogens or
mutations. These proteins are broken down into small peptide
fragments by natural and continuous protein degradation sys-
tems in the human cell. The peptide fragments will bind with
special molecules, referred to as MHC Class I and MHC
Class Il molecules, expressed on the surface of all cells. In the
human, these molecules are referred to as HLA molecules and
are numbered according the large number of alleles which
exist across the human population.

[0022] In the human, the peptide fragments derived from
pathogens bind with specific HLA molecules and are trans-
ported to the surface of the cell. The peptides are captured in
a particular configuration which allows the peptides to be
detected by T cell receptors (“TCRs”) expressed on the sur-
face of T cells. Through natural selection and development
processes which are linked to the immune system’s ability to
detect danger signals in connection with the presence of a
foreign organism, the human body produces T cells with
TCRs which can recognize and distinguish between peptide
fragments derived from a harmful pathogen and peptides
which are derived from harmless microorganisms or healthy
self tissue.

[0023] MHC Class I molecules present peptides derived
mainly from proteins found within the cell to CD8+ T cells,
also referred to as cytotoxic T cells or CTL. The peptides
which bind with MHC Class I molecules are usually 8-10
amino acids in length. MHC Class II molecules present pep-
tides derived from proteins or organisms which have been
endocytosed from the extracellular milien. MHC Class 1I
molecules present peptides to CD4+ T cells, also referred to
as T helper cells although CD4+ T cells may also have direct
cytotoxic functions. The peptides which bind to MHC Class
1T molecules are relatively unconstrained in terms of length,
although Class II peptides generally fall within a range of
13-17 amino acids, for example 14 or 15 or 16 amino acids.

[0024] A particular advantage of a peptide of the invention,
particularly the FHT peptide, is that it binds to the HLA-
DRB1*04 molecule which is presented on a very prevalent
HLA allele across the patient population, hence it is possible
to treat many more patients than a peptide which fits a rare
HLA allele. Amongst individuals expressing HLA
DRB1*04, responding T cells were found in all cases tested
which indicates that the FHT peptide represents an immuno-
dominant epitope.

[0025] By “peptide” we include 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 Méziere et al (1997) J. Immunol. 159, 3230-
3237, incorporated herein by reference. This approach
involves making pseudopeptides containing changes involv-
ing the backbone, and not the orientation of side chains.
Meéziere et al (1997) show that, at least for MHC class 1T 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.
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[0026] 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
residuesis used: it is particularly preferred if the linker moiety
has substantially the same charge distribution and substan-
tially the same planarity of a peptide bond.

[0027] It will be appreciated that the peptide may conve-
niently be blocked at its N- or C-terminus so as to help reduce
susceptibility to exoproteolytic digestion. Similarly, it will be
appreciated that the peptide of the invention may be in salt
form or may contain additional esters of —OH or —COON
groups or amides of —NH, groups.

[0028] By a “portion” of the given amino acid sequence we
mean at least 11 or 12 or 13 or 14 consecutive amino acids of
the given sequence such that the peptide containing the por-
tion and preferably the portionitself, is still able to bind to the
HLA molecule in substantially the same way as a peptide
consisting of the given amino acid sequence or the FHT
peptide. Preferably, the peptide comprising the portion is able
to bind to the HLA molecule in substantially the same way as
a peptide consisting of the given amino acid sequence.
[0029] By a “variant” of the given amino acid sequence we
mean that the side chains of, for example, one or two or three
or four or five or six or seven, preferably one or two or three
or four, more preferably one or two, still more preferably one
of the amino acid residues are altered (for example by replac-
ing them with the side chain of another naturally occurring
amino acid residue or some other side chain) such that the
peptide is still able to bind to the HLA molecule in substan-
tially the same way as a peptide consisting of the given amino
acid sequence. For example, a peptide may be modified so
that it at least maintains, if not improves, the ability to interact
with and bind HLA-DRB1%*04, and so that it at least main-
tains, if not improves, the ability to generate activated CD4*
T cells which can recognise Aspergillus fumigatus. Typically,
the amino acid alternatives are conservative in nature, such as
from within the groups Gly, Ala; Ile, Leu, Val; Ser, Thr; Tyr,
Phe, Trp; Glu, Asp; Gln, Asn, His, Met, Cys, Ser.

[0030] Peptides of at least 15 amino acids are preferred.
Thus, the invention also includes peptides of 16 or 17 or 18 or
19 0or200r 21 or 22 or 23 or 24 or 25 amino acids that contain
the amino acid sequence FHTYTIDWTKDAVTW. As noted
above, the peptides of the invention are capable of binding
HLA-DRB1*04.

[0031] Those amino acid residues that are not essential to
interact with the T cell receptor can be modified by replace-
ment with another amino acid whose incorporation does not
substantially affect T cell reactivity and does not eliminate
binding to the relevant HLA allele.

[0032] Thus, the peptides of the invention and in particular
ones which are close variants of the FHT peptide, are ones
which, typically, selectively and reversibly bind HLA-
DRB1*04, preferably with high affinity.

[0033] The peptides of the invention (and for use in the
invention) are less than 10 000 in molecular weight, prefer-
ably less than 8 000, more preferably less than 5 000 and
typically about 4 000 or 3 000 or 2 000. In terms of the number
ofamino acid residues, the peptides of the invention may have
fewer than 100 residues, preferably fewer than 80 residues,
more preferably fewer than 50 residues or about 40 or 30 or 20
or19or18or17or160r15or 14 or 13 or 12.

[0034] It will be appreciated from the following that in
some applications the peptides of the invention may be used
directly (ie they are not produced by expression of a poly-
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nucleotide in a patient’s cell or in a cell given to a patient); in
such applications it is preferred that the peptide has fewer
than 50 residues, preferably fewer than 45 residues or about
40 0r300r25o0r24o0r23or22o0r2lor20or 19 or 18 or 17
or 16 or 15 or 14 or 13 or 12 residues.

[0035] The peptides of the invention are able to bind to
HLA-DRB1#04. 1t is particularly preferred if the peptides
bind selectively to HLA-DRB1%04.

[0036] Itis further preferred that the peptides of the inven-
tion are ones which can be used to generate peptide-specific
CD4* T cells which mediate specific killing of 4spergillus
fumigatus and in particular germinating 4. fimigatus conidia
and hyphae either through direct cytotoxic effector functions
or through enhancement of innate immune functions (see
Examples).

[0037] The peptides of the invention are particularly useful
in immunotherapeutic methods to combat Aspergillus infec-
tion. In particular, the peptide in combination with the spe-
cific HLA molecule can be used to select and define appro-
priateT cells, and trace them once they are putinto the patient,
as discussed below. It is particularly preferred that in all the
immunotherapeutic methods of the invention that the patient
to be treated is one who carries Class 11 HLA-DRB1*04 (ie
has a Class 11 HLA-DRB1*04-positive genotype), and has
antigen presenting cells which express HLA-DRB1*04.
[0038] The peptides of (and for use in) the invention are
ones which bind HLA-DRB1#04 and when so bound the
HLA-DRB1*04-peptide complex, when present on the sur-
face of a suitable antigen-presenting cell, is capable of elic-
iting a T cell mediated immune response which mediates or
helps to mediate the immune systems attack on Aspergillus
fumigatus. In particular, the production of cytokines by a
CD4* T cell may mediate the attack on 4. fumigatus.

[0039] Itis well known that an optimum length for a peptide
to bind to an HL A Class IT molecule is around 13 to 17 amino
acids, suchas 13, 14,15, 16 or 17, preferably 15 amino acids.
[0040] A particular preferred peptide for use in the meth-
ods, pharmaceutical formulations and medicaments of the
invention consists of the amino acid sequence FHTYTIDWT-
KDAVTW.

[0041] Another preferred peptide of the invention is a pep-
tide which is a portion of the peptide having the amino acid
sequence FHTYTIDWTKDAVTW, the portion having 11 or
12 or 13 or 14 contiguous amino acids of said sequence,
provided that the said portion is capable of binding HLA-
DRBI1*04.

[0042] Another preferred peptide of the invention is a pep-
tide which is a portion of the peptide having the amino acid
sequence FHTYTIDWTKDAVTW, the portion having 11 or
12 or 13 or 14 contiguous amino acids of' said sequence except
that one or two or three or four or five or six or seven of the
amino acids are replaced with another amino acid, providing
that the peptide is capable of binding HLA-DRB1*04. Typi-
cally, one or two or three or four, such as one or two, particu-
larly one of the amino acids are replaced with another amino
acid. These may all be considered to be peptides of the first
aspect of the invention.

[0043] If a peptide which is greater than around 15 amino
acid residues is used directly to bind to a Class II HLA
molecule, it is preferred that the residues that flank the core
HLA binding region are ones that do not substantially affect
the ability of the peptide to bind to the HLA molecule or to
present the peptide to an Aspergillus-specific T cell. However,
it will be appreciated that larger peptides may be used, espe-
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cially when encoded by a polynucleotide, since these larger
peptides may be fragmented by suitable antigen-presenting
cells.

[0044] Peptides (at least those containing peptide linkages
between amino acid residues) may be synthesised using any
method well known in the art, for example by the Fmoc-
polyamide mode of solid-phase peptide synthesis as dis-
closed by Lu et al (1981) J. Org. Chem. 46, 3433 and refer-
ences therein. Reagents for peptide synthesis are generally
available from Calbiochem-Novabiochem (UK) Ltd, Not-
tingham NG7 2QJ, UK as well as many other commercial
providers of chemical and biological reagents. Purification
may be effected by any one, or a combination of, techniques
such as size exclusion chromatography, ion-exchange chro-
matography and (principally) reverse-phase high perfor-
mance liquid chromatography. Analysis of peptides may be
carried out using thin layer chromatography, reverse-phase
high performance liquid chromatography, amino-acid analy-
sis after acid hydrolysis and by fast atom bombardment
(FAB) mass spectrometric analysis.

[0045] As is discussed in more detail below, these peptides
may be used to create MHC multimers whereby the peptide is
able to bind to and therefore stabilises the specific HLA-
DRB1*04 molecule. This enables the HL.A molecule to be
multimerised and conjugated to a fluorescent, molecule or a
magnetic bead. This multimer can then recognise and bind
directly to an Aspergillus specific T cell viathe TCR. By using
this technique cells can be directly selected from fresh or
cultured cells or enumerated in both cell therapy products and
in blood samples from patients having received a cell therapy
product. It is impossible to use this MHC multimer technol-
ogy only with knowledge of the peptide, as the T cell will only
bind to the peptide which is displayed in the context of the
correct HLA molecule.

[0046] It will be appreciated that the peptide is typically
used in an HLA-DRB1*04-specific context.

[0047] A second aspect of the invention provides a
polypeptide which is a fusion of a peptide of the invention and
another peptide. The other peptide may be fused to the N-ter-
minus of the peptide of the invention or to the C-terminus of
the peptide of the invention or, in some embodiments other
peptides (either the same or different) may be fused to both
the N-terminus or C-terminus of the peptide of the invention.
Typically, these peptides may be useful in ensuring the FHT
Peptide is directed through the endosomal pathway for MHC
Class II presentation. Alternatively, these fused peptides may
be linked to known immunogenic substances such that the
combined peptide structure is more effective in inducing an
effective human immune response against Aspergillus.
[0048] The peptide of the invention may be comprised
within, or fused to, an HLA molecule such that the peptide
can occupy the peptide-binding groove of the HLA molecule.
Fusion molecules of this type, although using a different
peptide, have been synthesised by Mottez et al (1995) J. Exp.
Med. 181, 493-502, incorporated herein by reference. Pref-
erably, the HLA molecule to which the peptide of the inven-
tion is fused is HLA-DRB1*04.

[0049] The peptide of the invention may also be fused to
another peptide comprising an HLA epitope.

[0050] Typically, the fusion polypeptide contains all or 11
or 12 or 13 or 14 contiguous amino acids of the FHT peptide;
the 12 or 13 or 14 contiguous amino acids may contain one or
two or three or four or five or six or seven replacements
typically of conservative amino acids. Typically, the fusion

Apr. 14,2011

polypeptide has a molecular weight of less than 10 000 or 8
000 or 5000 or 4000 or 3000 or 2000. Typically the fusion
polypeptide has from around 20 to 100 amino acids such as 20
to 50, or 25 to 40.

[0051] A preferred fusion polypeptide of the invention is
between a peptide of the invention and the MHC Class 11
invariant chain which stabilises the MHC Class II molecule
and which is involved in directing the HL. A molecule through
the endosomal pathway leading to expression on the surface
of a cell.

[0052] It will be appreciated that the polypeptide is typi-
cally used in an HLA-DRB1*04-specific context.

[0053] A third aspect of the invention provides a polynucle-
otide encoding a peptide as defined in the first aspect of the
invention or a polypeptide as defined in the second aspect of
the invention. The polynucleotide may be DNA or RNA and
it may or may not contain introns so long as it codes for the
peptide. Of course, it is only peptides which contain naturally
occurring amino acid residues joined by naturally-occurring
peptide bonds which are encodable by a polynucleotide.
[0054] Itwill be appreciated that the polynucleotide is typi-
cally used in an HLA-DRB1*04-specific context.

[0055] A fourth aspect of the invention provides an expres-
sion vector capable of expressing a peptide according to the
first or aspect of the invention or a polypeptide according to
the second aspect of the invention.

[0056] It will be appreciated that the expression vector is
typically used in an HLA-DRB1*04-specific context.

[0057] Methods for manipulating, changing and cloning
nucleic acid molecules are well known in the art, for example
Sambrook J and Russell, D W, Molecular Cloning, A Labo-
ratory Manual, 3" Edition, 2001, Cold Spring Harbor Labo-
ratory Press describes such techniques including PCR meth-
ods.

[0058] Suitable expression vectors include viral based vec-
tors such as retroviral or adenoviral or vaccinia virus vectors
or lentiviral vectors or replication deficient MV vectors.
[0059] Suitable general cloning vectors include plasmids,
bacteriophages (including A and filamentous bacteriophage),
phagemids and cosmids.

[0060] Suitable host cells include bacteria, yeast, insect and
mammalian cells. Particular bacteria include Escherichia
coli, Bacillus subtilis and Salmonella typhimurium.

[0061] Particular yeast cells include Saccharomyces cerevi-
siae and Schizosaccharomyces pombe.

[0062] Particular mammalian cells include CHO cells,
COS cells and other mammalian cells such as antigen pre-
senting cells.

[0063] It will be appreciated that certain host cells of the
invention are useful in the preparation of the peptides or
polypeptides of the invention, for example bacterial, yeast,
mammalian and insect cells. Thus, a fifth aspect of the inven-
tion provides a host cell comprising a polynucleotide of the
invention or an expression vector of the invention. It is par-
ticularly preferred that the host cell is a human host cell, such
as an antigen presenting cell, which carries Class II HLA-
DRBI1*04.

[0064] A sixth aspect of the invention provides a method of
producing a peptide of the first aspect of the invention or a
polypeptide of the second aspect of the invention, the method
comprising culturing host cells which contain a polynucle-
otide or expression vector which encodes the peptide or
polypeptide and obtaining the peptide or polypeptide from
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the host cell or culture medium. The peptides and polypep-
tides of the invention may also be chemically synthesised as
discussed above.

[0065] The peptides of the invention may be used in the
production of T cells, particularly CD4* T cells, specific for
the Aspergillus fumigatus f16 polypeptide and in particular
for a peptide which has the amino acid sequence FHTYTID-
WITKDAVTW or a portion thereof, for example a portion
with from 11 or 12 or 13 or 14 contiguous amino acids, and
which may be presented by HLA-DRB1*04.

[0066] Thus, further aspects of the invention provide com-
positions which comprise a peptide according to the first
aspect of the invention or a polypeptide according to the
second aspect of the invention which compositions are suit-
able for raising T cell clones, particularly CD4* T cell clones,
specific for the peptides, in particular the FHT peptide, when
presented by HLA-DRB1*04. Such compositions are typi-
cally sterile and pyrogen free. The composition is typically a
pharmaceutical composition which contains a pharmaceuti-
cally acceptable carrier. Typically, for the generation of T
cells, particularly CD4* T cells, the peptides are used in the
range 200 pM to 1 nM.

[0067] Typically, the composition is an aqueous composi-
tion. In some instances it may be desirable to include a pep-
tide-solubilising agent such as DMSO in the composition.
[0068] It will be appreciated that the polynucleotide or
expression vectors of the invention may also be provided in a
pharmaceutical composition containing a pharmaceutically
acceptable carrier. Typically, these compositions would be
sterile and pyrogen free.

[0069] The peptides, polypeptides, polynucleotides and
expression vectors may be packaged and presented for use as
a medicament. In particular, they are of use in combating
Aspergillus infection. By “combating Aspergillus infection”
we include treating patients who have an Aspergillus infec-
tion, for example patients who have ABPA or Invasive
Aspergillosis (IA) or Aspergilloma or Chronic Aspergillus
sinusitis. We also include administering the peptides,
polypeptides, polynucleotides and expression vectors (either
alone or in combination with, or present in or on, a suitable
HLA matched antigen presenting cell such as a dendritic cell
or B cell or monocytes or a synthetic APC) to not only patients
who have an 4spergillus infection, but also to those at risk of
Aspergillus infection. Patients at risk of Aspergillus infection
include those who are immunocompromised or immunode-
pleted such as those undergoing allogeneic HSCT, organ
transplant patients, autoimmune patients receiving immuno-
suppressive drugs, patients with genetic immune disorders,
AIDS patients, or patients undergoing chemotherapy for can-
cer or leukaemia patients. Thus, it will be appreciated that
“combating” includes preventing (or helping to prevent)
Aspergillus infection and treating a patient prophylactically.
[0070] Allergy to Aspergillus, in particular to 4. fumigatus,
is a medical problem. The invention also includes the use of
the peptides, polypeptides, polynucleotides and expressions
for combating Aspergillus allergy, particularly allergy to A.
fumigatus. By “combating allergy to Aspergillus” we include
treating allergy or preventing allergy. The peptides of the
invention are particularly useful in this regard.

[0071] The Aspergillus infection may be an infection with
any Aspergillus spp, and in particular an Aspergillus spp or
strain which includes the f16 protein in the fungal proteome,
and more particularly includes the peptides of the invention,
particularly the FHT peptide as a part thereof. Typically, the
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patient has or is at risk of obtaining an infection of Aspergillus
fumigatus. Preferably, the patient is HLA-DRB1*04-posi-
tive.

[0072] The invention also includes a method of combating
Aspergillus infection in a patient, the method comprising
administering to the patient an effective amount of a peptide
or polypeptide or polynucleotide or expression vector of the
invention (either alone or in combination with, or present in or
on, a suitable antigen presenting cell such as adendritic cell or
B cell or T cell or monocyte) wherein the amount of the
peptide or polypeptide or polynucleotide or expression vector
is effective to provoke an anti-Aspergillus response in said
patient. Preferably, the patient is HLA-DRB1*04-positive.
Preferably, the antigen-presenting cell is HLA-DRB1%04-
positive. The efficacy of this method of using the invention
can typically be measured by testing for the presence of
Aspergillus-specific T cells in a patient who otherwise is not
able to generate an immune response.

[0073] The anti-Aspergillus response may be measured by
Elispot, intracellular cytokine staining or by a proliferation
assay, or by using MHC multimer technology.

[0074] A still further aspect of the invention includes a kit
of parts comprising a peptide according to the invention or a
polypeptide according to the invention or a polynucleotide
according to the invention or an expression vector according
to the invention and an antigen presenting cell. Thekit of parts
is useful in the preparation of activated Aspergillus-specific T
cells as described below. Preferably, the antigen-presenting
cell is HLA-DRB1*04 positive.

[0075] A yetstill further aspect of the invention includes an
antigen-presenting cell wherein its HLA Class II molecules
are loaded with a peptide of the invention. Typically, in all
relevant embodiments of the invention the antigen-presenting
cell contains an HLA-DRB1*04 molecule which presents the
peptide.

[0076] Preferred antigen-presenting cells are dendritic
cells or B cells or monocytes derived from the donor in the
case of the treatment of patients undergoing allogeneic
HSCT, and for other treatments the antigen-presenting cells
are preferably autologous dendritic cells or B cells or T cells
(ie derived from the patient to be treated).

[0077] Theantigen presenting cells may be loaded with the
peptide in vitro as described in detail below. Alternatively, the
antigen presenting cell may be a recombinant cell which
expresses the peptide or polypeptide of the invention from a
suitable polynucleotide or expression vector.

[0078] The antigen presenting cell, such as a dendritic cell,
a B cell or a monocyte which is presenting the peptide or
polypeptide may be used as a vaccine and may be packaged
and presented for use as a medicament. The antigen present-
ing cell which is presenting the peptide may be prepared as a
pharmaceutical composition (ie by preparing it in a pharma-
ceutically acceptable carrier) and it may also be packaged and
presented for use in combating Aspergillus infection in a
patient. Preferably, the antigen presenting cell isautologous,
or is compatible with the patient to whom it is to be admin-
istered based upon a close HLA match.

[0079] The invention therefore also includes a method for
combating Aspergillus infection in a patient, the method com-
prising administering to the patient an effective amount of an
antigen presenting cell which is loaded with the peptide
wherein the amount of said antigen presenting cell is effective
to provoke an anti-Aspergillus response in said patient. Pref-
erably, the patient is one who carries Class [l HLA-DRB1*04.
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Preferably the antigen presenting cell is one which carries
Class II HLA-DRB1%04, and presents the peptide. The anti-
gen presenting cells may be used in cell doses from 10* to 107
cells perkg of the patient’s weight, depending on whether the
cells are autologous or only HLLA matched. In this aspect of
the invention, antigen presenting cells may be infused to
switch on T cells in vivo.

[0080] T cells are switched on by antigen-presenting cells
such as dendritic cells. Hence cell therapy can involve T cells
that have been switched on ex vivo and then infused into the
patient.

[0081] Thus, a further aspect of the invention provides a
method for selecting Aspergillus-specific T cells, the method
comprising contacting a population of T cells with a peptide
or polypeptide of the invention presented in a Class II HLA-
DRB1*04 molecule to which said peptide binds.

[0082] Preferably, the population of T cells are from an
individual who has been exposed to Aspergillus, in particular
A. fumigatus.

[0083] Thepeptide of the invention may be used to generate
an expansion of T cells specific for Aspergillus for patients
who are HLA-DRB1*04 positive and there are several ways
in which the invention may be used.

[0084] As mentioned previously the knowledge that the
peptide binds the HLA-DRB1*04 molecule and is only rec-
ognised by responder T cells in this context means that the
creation of MHC multimers that will directly bind the T cells
can occur. This reagent can be used to directly select the
Aspergillus specific cells from the bulk culture in order to
infuse cells with a high purity into a patient.

[0085] The invention also includes use of the MHC multi-
mer in conjunction with additional multimers of other speci-
ficities (to be defined) to fully characterise the product prior to
infusion to ensure purity and safety of the product. Following
infusion of Aspergillus T cells to the patient the reconstitution
of Aspergillus specific immunity could be monitored in the
patient using the FHT/HLA-DRB1*04 multimer directly ex
vivo.

[0086] An additional application of this technology would
be that instead of relying on the innate antigen presentation
ability of the patient’s own cells to present the peptide of the
invention in order to expand antigen presenting cells, an arti-
ficial antigen presenting cell could be used which consists of
either cell lines deficient in all MHC but HLA-DRB1%04
pulsed with the peptide or artificial antigen presenting cells
which can are engineered to supply the co-stimulation
required for T cell expansion along with the HLA-DRB1*04
peptide combination in order to stimulate and expand the
Aspergillus specific T cells. These embodiments of the inven-
tion are discussed in more detail below.

[0087] Suitable methods for selecting Aspergillus-specific
T cells include the use of ELISPOT analysis to confirm the
responding T cells, as described in Example 1. Blood is
obtained from HLA-DRBI1*-typed donors or patients.
Peripheral blood mononuclear cells (PBMC) are isolated via
centrifugation in Biocoll Separating Solution (Biochrom,
Berlin, Germany) and either used directly after preparation or
cryopreserved for later use. Cells are cultured in RPMI 1640
with L-Glutamine (Invitrogen, Karlsruhe, Germany), supple-
mented with 10% heat-inactivated, pooled human serum and
100 U/ml Penicillin-Streptomycin (Invitrogen, Karlsruhe,
Germany). Aspergillus-specific T cell lines are generated by
incubation of 1x107 whole PBMC per well in 6-well culture
plates with the FHT peptide antigen for 7 days. Lymphocyte
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cultures are supplemented with 5 U/ml IL-2 (Proleukin, Chi-
ron, Ratingen, Germany) every other day and culture medium
replenished as needed. The T cell clones are generated by
stimulating PBMCs repeatedly with 1 pg/ml FHT peptide
once weekly for 4 weeks. Subsequently T cell clones are
generated by limiting dilution in 96-well plates and expanded
using the rapid expansion protocol as described by Beck et
al'*. This small scale culture system may be scaled up and
adapted to a “closed system” whereby clinical grade T cells
suitable for infusion back into patients can be generated.
[0088] Suitable methods for selecting Aspergillus-specific
T cells include the use of a fluorescence-activated cell sorter
(FACS). Following exposure of the donor or patient PBMCs
to the FHT peptide, the responding T cells are labeled based
on activation markers such as the upregulation of CD69 or by
behavioural characteristics such as the secretion of IFN-y.
The labeling is achieved using an antibody specific for the
activation marker or the secreted cytokine and such antibody
is conjugated to a fluorochrome. The cells can then be sepa-
rated and selected through a flow cytometer equipped for
FACS analysis.

[0089] Alternatively, labeling of the responding T cells is
based on the binding of an MHC multimer (HLA-DRB1#04),
which is conjugated to a fluorescent marker, to the specific
TCR on the surface of the Aspergillus-specific T cell.

[0090] Suitable methods for selecting T cells include the
Cytokine Secretion Assay System which is manufactured by
Miltenyi Biotec and involves four key steps: 1) exposure of
PBMCs (which contain antigen-presenting cells) from a
blood sample to an immunogenic antigen (any antigen, but in
the present invention would be a peptide of the invention, in
particular the FHT peptide); 2) the responding Aspergillus (eg
FHT peptide)-specific T cells begin to secrete IFN-y which is
associated with an active and effective T cell immune
response and these responding T cells are labelled with a
bi-specific catch antibody which simultaneously binds to
CDA45 (aT cell marker) and IFN-y; 3) a second antibody then
labels the captured IFN-y. and in so doing labels the T cell
which has secreted the IFN-y this second antibody is also
conjugated to a magnetic bead; 4) the cells are passed through
a magnetic column and the responding T cells (which recog-
nised the FHT Peptide as evidenced by the secretion of IFN-y
are retained in the column by the attached magnetic bead. The
non-labelled cells are washed through and then the magnetic
field is switched off and the labelled cells are released and
collected as the positive fraction.

[0091] Methods for making and using peptide-loaded
MHC multimers are described, for example, in Altman et al
(1996) Science 274, 94-96; Kuabel at al (2002) Nature Medi-
cine 8, 631-637; and Neudorfer at al (2007) J. Immunol.
Methods 320, 119-131.

[0092] The purity of a T cell population may be assessed
using the fluorescently labelled MHC multimer/peptide com-
plex as discussed above.

[0093] Suitable methods for selecting T cells also include
the MHC Multimer System, available through Proimmune
and Stage Pharmaceutical, which works by creating an arti-
ficial construction of Class 11 HLA molecules which bind, in
the present case, the peptide of the invention (eg the FHT
peptide). These soluble, standalone HLLA molecules may be
constructed in a multimeric configuration so that a single
multimer has 4-5 HLA molecules each loaded with a peptide
of the invention such as FHT peptide. These multimers may
also be attached to a magnetic bead as above. The multimers
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are released into a blood sample, and the HLA:peptide con-
struct will bind with T cell receptors that recognise the FHT
Peptide and hence will label the T cells which will recognise
and mount an immune response against Aspergillus. The cell
sample is passed through a magnetic column, and the labelled
cells are retained and then released as described above.

[0094] Itwill be appreciated from the above that the inven-
tion includes a complex comprising a Class 11 HLA-
DRB1*04 molecule bound to a peptide according to the first
aspect of the invention. Conveniently, the complex is a
soluble complex and is not cell-bound. Preferably, the Class 11
molecule is a MHC multimer, such as those discussed above.
Preferably, the peptide in the complex is the FHP peptide, but
may be any other peptide of the invention that will form a
complex, and be useful in eliciting an anti-Aspergillus T cell
response. As is plain, the complex may be used for isolating
Aspergillus-specific T cells as discussed above. The complex
may also be used to identify an Aspergillus-specific T cell in
a sample.

[0095] Thus, the Class I HLA-DRB1*04 molecule which
presents the peptide may be present on the surface of an
antigen-presenting cell, for example which is present in
PBMC, or it may be a synthetic soluble Class I HLA mol-
ecule.

[0096] Conveniently, the antigen is loaded into class 11
HLA molecules expressed on the surface of a suitable anti-
gen-presenting cell by contacting a sufficient amount of the
peptide of the invention, for example the FHT peptide, with
an antigen-presenting cell in the absence of other peptides
which may complete in binding the target HL A allele. Con-
veniently, the antigen presenting cell may be transfected with
a polynucleotide or expression vector of the invention, and
the cell machinery loads suitable peptides into the class 11
HLA molecules for presentation.

[0097] Preferably, the Aspergillus-specific T cells are
CD4", such as CD4* T, cells, or are T regulatory cells
(which are particularly relevant for combating allergy) T 1
helper cells may be converted to T regulatory cells by expo-
sure to a CD28 antibody (superagonist) CD8* cells. Typi-
cally, then, the cells are CD3* CD4* and/or CD25" and/or
Foxp3* and/or GITR* and/or CD127*.

[0098] Inoneembodiment the antigen is linked to the MHC
Class II molecule expressed on the surface of the antigen
presenting cell with a suitable flexible linker such that the
peptide can occupy the MHC Class II binding groove, or
alternatively the antigen is linked to the Invariant Chain
which stabilises the MHC Class Il molecule and is involved in
directing the molecule through the endosomal pathway com-
mon to Class II presentation of peptides. Thus, the antigen
presenting cells may be cells which contain a polynucleotide
(eg expression vector) encoding the fusion polypeptide dis-
cussed above.

[0099] Theantigen presenting cell may be genetically engi-
neered to ensure the expression of the HLA DRB1#04 mol-
ecule on its own or in combination with the peptides or
polypeptides of the invention or in combination with the
peptides of the invention or polypeptides of the invention and
co-stimulatory molecules which are useful in enhancing the
immunogenicity of the peptide and the resulting ability to
produce Aspergillus-specific T cells. The antigen-presenting
cells may be exposed to various cytokines such as I1.-2,
IFN-y, and TNF-a., which are known to activate T cells and to
direct a Ty,1 response.
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[0100] The Aspergillus-specific T cell is isolated for further
use. With some techniques it is possible to isolate a sufficient
number of specific T cells for therapeutic use directly, but it
may be necessary to expand or clone the T cells to produce a
sufficient number. For adoptive immunotherapy it is gener-
ally preferred to use a technique which allows for the isolation
of sufficient numbers of cells directly since this can be
achieved within a day (whereas cell expansion may take
several weeks).

[0101] A suitable procedure for identifying pathogen-spe-
cific donor clones is described in Perruccio etal (2005) Blood
106, 4397-4406.

[0102] The Aspergillus-specific T cells which are directed
against the peptides of the invention are useful in therapy.
Thus, a further aspect of the invention provides Aspergillus-
specific T cells obtainable by the foregoing methods of the
invention.

[0103] A still further aspect of the invention provides an
Aspergillus-specific T cell which is able to recognize the
HLA-DRB1*04-presented FHT peptide. Typically, this T cell
is CD3*. It may be CD3*CD4" or it may be CD3*CD8".
Typically, this T cell will produce cytokines and proliferate
when in the presence of the FHT peptide when presented by
HLA-DRB1*04, for example when presented by an antigen
presenting cell which expresses HLA-DRB1*04.

[0104] The activated Aspergillus-specific T cells of the
invention may be packaged and presented for use as a medi-
cament. The invention also includes a pharmaceutical prepa-
ration comprising Aspergillus-specific T cells of the invention
and a pharmaceutically acceptable carrier. Typically, the car-
rieris sterile and pyrogen free. The invention also includes the
Aspergillus-specific T cells packaged and presented for use in
combating Aspergillus infection. Preferably, the patients to be
treated are ones which carry Class Il HLA-DRB1*04.
[0105] For the treatment of patients following allogeneic
HSCT, the Aspergillus-specific T cells typically are isolated
from the donor providing the stem cells. If the number of
Aspergillus-specific T cells is not sufficient through direct
recovery of the cells from the donor, then the cells may be
expanded through well established cell proliferation tech-
niques.

[0106] However, in some embodiments the T cells are
autologous (ie from the patient), and in some embodiments
the T cells may be from an unrelated donor, for example from
a bank of T cells which have been HLA-typed.

[0107] The activated Aspergillus-specific T cells may be
stored inany suitable way, for example by cryopreservation in
medium containing serum and DMSO as is well known in the
art.

[0108] The methods of the invention therefore include
methods of adoptive immunotherapy.

[0109] It will be appreciated that the MHC multimers
loaded with peptide (HLA-DRB1*04-peptide complex of the
invention) may be used to assess whether a blood sample
contains Aspergillus-specific T cells. This may be done in a
sample from a patient before treatment and/or during the
course of treatment or after treatment.

[0110] The Aspergillus-specific T cells contain a T cell
receptor (TCR) which is involved in recognising cells which
express the polypeptide. It is useful if the cDNA encoding the
TCR is cloned from the Aspergillus-specific T cells and trans-
ferred into autologous or donor-derived T cells for expres-
sion, thereby obviating the need to find naturally occurring
Aspergillus-specific T cells expressing the TCR.
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[0111] The TCRs of Aspergillus-specific T cell clones of
the invention specific for the peptides of the first aspect of the
invention as presented by HLA-DRB1*04 are cloned. The
TCR usage in the Aspergillus-specific T cell clones is deter-
mined using (i) TCR variable region-specific monoclonal
antibodies and (ii) RT-PCR with primers specific for Va and
VP gene families. A ¢cDNA library is prepared from poly-A
mRNA extracted from the Aspergillus-specific T cell clones.
Primers specific for the C-terminal portion of the TCR o and
[ chains and for the N-terminal portion of the identified Vo
and p segments are used. The complete cDNA for the TCR o
and f§ chain is amplified with a high fidelity DNA polymerase
and the amplified products cloned into a suitable cloning
vector. Thecloned c.and f§ chain genes may be assembled into
asingle chain TCR by the method as described by Chung et al
(1994) Proc. Natl. Acad. Sci. USA 91, 12654-12658. In this
single chain construct the Vol segment is followed by the
VPDJ segment, followed. by the C segment followed by the
transmembrane and cytoplasmic segment of the CD3 & chain.
This single chain TCR is then inserted into a retroviral expres-
sion vector (a panel of vectors may be used based on their
ability to infect mature human CD4" T lymphocytes and to
mediate gene expression: the retroviral vector system Kat is
onepreferred possibility (see Finer et al (1994) Blood 83, 43).
High titre amphotrophic retrovirus are used to infect purified
CD4* T lymphocytes isolated from the peripheral blood of
tumour patients following a protocol published by Roberts et
al (1994) Blood 84, 2878-2889, incorporated herein by refer-
ence. Anti-CD3 antibodies are used to trigger proliferation of
purified CD4* T cells, which facilitates retroviral integration
and stable expression of single chain TCRs. The efficiency of
retroviral transduction is determined by staining of infected
CD4* T cells with antibodies specific for the single chain
TCR.

[0112] Patients may be treated with in between 10° to 10
(mostlikely 107) autologous, transduced Aspergillus-specific
T cells.

[0113] Other suitable systems for introducing genes into T
cells are described in Moritz et al (1994) Proc. Natl. Acad.
Sci. USA 91, 4318-4322, incorporated herein by reference.
Eshhar et al (1993) Proc. Natl. Acad. Sci. USA 90, 720-724
and Hwu et al (1993)J. Exp. Med. 178,361-366 also describe
the transfection of T cells.

[0114] Thus, a further aspect of the invention provides a
TCR which recognizes a peptide of the invention, in particu-
lar the FHT peptide, on a HLA-DRB1*04 molecule. Typi-
cally, the peptide is presented on a dendritic cell or monocyte
which present the antigen to T cells. The T cells then secrete
cytokines which in turn activate monocytes and neutrophils
for enhanced killing of Aspergillus.

[0115] As well as the TCR, functionally equivalent mol-
ecules to the TCR are included in the invention. These include
any molecule which is functionally equivalent to a TCR
which can perform the same function as a TCR. In particular,
such molecules include genetically engineered three-domain
single-chain TCRs as made by the method described by
Chung et al (1994) Proc. Nadl. Acad. Sci. USA 91, 12654-
12658, incorporated herein by reference, and referred to
above.

[0116] Typically, the TCR ora functionally equivalent mol-
ecule to the TCR, recognizes a human Class Il HLA molecule
expressed on the surface of an antigen-presenting cell and
loaded with a peptide according to the first aspect of the
invention.
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[0117] Theinvention also includes a polynucleotide encod-
ing the TCR or functionally equivalent molecule, and an
expression vector encoding the TCR or functionally equiva-
lent molecule thereof. Expression vectors which are suitable
for expressing the TCR of the invention include viral vectors
such as retroviral vectors, lentiviral vectors, adenoviral vec-
tors, vaccinia vectors (including the replication-deficient
MVA strain). It is, however, preferred that the expression
vectors are ones which are able to express the TCR ina T cell
following transfection.

[0118] The invention also includes T cells, preferably
CD4* T cells, which have been transfected with a polynucle-
otide or expression vector which expressed the above men-
tioned TCR or functionally equivalent molecule. The T cells
may be obtained from the patient or, in the case of an alloge-
neic HSCT patient, from a closely matched donor with
respect to HLA type.

[0119] The invention also includes a method of combating
Aspergillus infection in a patient, or of combating allergy to
Aspergillus in a patient, the method comprising administering
to the patient an effective number of Aspergillus-specific T
cells of the invention, or a population of T cells which have
been activated using the peptide or polypeptide of the inven-
tion but which have not been selected. For the avoidance of
doubt, the Aspergillus-specific T cells include those obtain-
able by the method for producing activated Aspergillus-spe-
cific T cells in vitro, described above, Aspergillus-specific
CD4* T cells which are CD3* and which recognize the pep-
tide of the invention, in particular the FHT peptide as pre-
sented by a HLA-DRB1*04, and those prepared by transfec-
tion of a T cell with a polynucleotide or expression vector
which expresses the above-mentioned TCR or functionally
equivalent molecule. The T cells of the invention are able to
combat Aspergillus infection selectively by secreting cytok-
ines in response to the antigen. Preferably, the patient is one
who carries Class I[I HLA-DRB1*04.

[0120] TheT cells may be autologous or they may be HLA
matched. If the patient is undergoing allogeneic HSCT, typi-
cally the Aspergillus-specific T cells are from the donor.
When allergy to Aspergillus is to be combated in the patient,
it is preferred that the T cells are Tyl helper cells or T
regulatory cells.

[0121] Thus, for patients who demonstrate an allergic reac-
tion to Aspergillus antigens, the peptides of the invention may
be used to select antigen-specific T regulatory cells which
may suppress allergic responses. It will be appreciated the T
regulatory cells can be identified by specific markers such as
CD25, Foxp3, GITR, and CD127 and the co-expression of
these markers with antigen-specificity for the peptides of the
invention will allow the selection of T regulatory cells to
modulate allergic responses to Aspergillus antigens. Thus, a
further aspect of the invention provides a method of selecting
T regulatory cells for the suppression of an allergic response
to Aspergillus, the method comprising the use of the peptides
of the invention in combination with markers for T regulatory
cells in order to create a cellular formulation which can be
used to suppress allergic reactions to Aspergillus. Conve-
niently, the cell formulation may be made using high levels of
1L-2, and T regulatory cells can be selected as CD3"CD25*.
[0122] The effective clearance of pathogens from the
human body sometimes depends on the appropriate T cell
response. T,1 responses are associated with cellular path-
ways involving cytotoxic and phagocytic effector functions
while T2 responses typically involve the production of anti-
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bodies by B cells which are “helped” by T2 T cells. Clear-
ance of Aspergillus infections is normally associated with
T, 1 responses, and the ex vivo selection and expansion of
antigen-specific T,;1 T cells using the peptides of the inven-
tion with subsequent infusion of the expanded T,1 T cells
into the patient may should facilitate the clearance of the
Aspergillus infection by reshaping the dominant immune
response in the patient.

[0123] The peptides of the invention, alone or in combina-
tion with antigens from other pathogens, may be used to
activate immune cells within a blood or tissue sample or a
cellular derivative thereof obtained from the patient or a
donor without significant further selection or purification of
cell types (an “Unselected Cell Formulation”) with a view to
infusing the Unselected Cell Formulation in a patient in order
to treat or prevent infection by Aspergillus whether on a
targeted basis or as one of several pathogens which may cause
infection in a patient.

[0124] Typically, the Unselected Cell Formulation is char-
acterised using the peptide of the invention complexed with a
soluble MHC complex (HLA-DRB1*#04).

[0125] A still further aspect of the invention provides a
method of combating Aspergillus infection, the method com-
prising the steps of (1) obtaining T cells from the patient; (2)
introducing into said cells a polynucleotide encoding a TCR,
or a functionally equivalent molecule, as defined above; and
(3) introducing the cells produced in step (2) into the patient.
The transfected T cells are able to help fight off the Aspergil-
lus, in particular 4. fumigatus. Preferably, the patients to be
treated carry Class Il HLA-DRB1*04.

[0126] A still further aspect of the invention provides a
method of combating 4spergillus infection in a patient, the
method comprising the steps of (1) obtaining dendritic cells
or other antigen-presenting cells from said patient; (2) con-
tacting said dendritic or other antigen-presenting cells with a
peptide or polypeptide or polynucleotide or expression vector
of the invention ex vivo; and (3) reintroducing the so treated
dendritic or other antigen-presenting cells into the patient.
Preferably, the patients to be treated carry Class II HLA-
DRBI1*04.

[0127] The methods of combating Aspergillus infection,
and the pharmaceutical compositions and medicaments, of
the invention may be combined with other anti-fungal treat-
ments, such as the use of voriconazole.

[0128] Particularly preferred groups of patients to treat
include (a) patients who are immunosuppressed following
allogeneic HSCT, who may be treated with 4spergillus-spe-
cific T cells of the invention selected from the donor of the
HSCs; (b) patients who are immunosuppressed due to che-
motherapy. HIV infection or by the use of immunosuppres-
sive drugs for autoimmune disease, who may be treated with
Aspergillus-specific T cells of the invention selected from the
patient (because these are likely to be present in very small
numbers, the cell numbers may be expanded on an ex vivo
basis; (c) allergy patients in which antigen-specific regulatory
T cells are used or T,1 cells are infused to re-direct an T2
response. In all cases it is preferred that the patient and the
donor have the HLA-DRB1%04 allele.

[0129] The peptides of the invention may be used to create
a monoclonal or polyclonal antibody either on a patient-
specific basis or batch manufacturing basis wherein the anti-
body is used to prevent or treat infection by Aspergillus or to
induce a primary or secondary humoral or cellular immune
response to Aspergillus in a patient. The antibody will include
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idiomatic derivations of antibodies specific for the FHT Pep-
tide, FHTYTIDWTKDAVTW. Preferably, the antibody rec-
ognises the peptides of the invention when presented by a
Class I HLA-DRB1*04 molecule.

[0130] Thus, a further aspect of the invention provides a
method of preparing an antibody which recognises the pep-
tide FHTYTIDWTKDAVTW. The method may involve
immunisation of an animal such as rabbit or mouse or horse or
camel. The method may use hybridoma technology to pro-
duce monoclonal antibodies. The method may use in vitro
selection techniques such as phage display. Preferably, the
peptide is presented by a Class II HLA-DRB1*04 molecule.

[0131] The antibody may be packaged and presented for
use in medicine, particularly for use in combating Aspergillus
infection. The invention also provides a method of combating
Aspergillus infection in a patient by administering an effec-
tive amount of the antibody to the patient. Preferably, the
patient is one who carries Class [ HLA-DRB1*04.

[0132] The antibody may be monoclonal or polyclonal.
Methods of preparing antibodies for administration, includ-
ing pharmaceutical compositions, are known.

[0133] The peptides of the invention may be used within a
diagnostic strategy to determine whether a patient may be
infected by Aspergillus as evidenced by the patient’s immune
system demonstrating a diagnostically relevant response to
the peptides of the invention, typically when presented by
HLA-DRB1#04, or to determine whether a patient may be
vulnerable to infection by Aspergillus by a defective or insuf-
ficient response to the peptides of the invention in particular
the FHT peptide. The diagnostic applications include the use
of the peptides of the invention, typically when presented by
HLA-DRB1*04, to identify suitable donors for allogeneic
haematopoietic stem cell transplants wherein the objective is
to have a donor which demonstrates immunity to Aspergillus.
The number of responder cells may be very low, so a small
scale cell sort may be required to determine this. Thus, the
invention includes a method of determining whether an indi-
vidual is infected with Aspergillus, the method comprising
determining whether an individual contains any Aspergillus-
specific T cells, which T cells are able to bind and be activated
by a Class II HLA molecule, in particular HLA-DRB1*04
presenting a peptide of the invention. Such T cells can be
identified and quantified, for example using the T cell selec-
tion systems discussed above. Individuals who contain the
Aspergillus-specific T cells are likely to be combating an
infection, whereas individuals who do not contain, or contain
only a low level, may benefit from adoptive immunotherapy
according to the invention. On the other hand, individuals
who are identified as containing the Aspergillus-specific T
cells may be useful as donors.

[0134] The Aspergillus-specific TCR molecules of the
invention may be used within a diagnostic strategy to deter-
mine whether a patient may be infected by Aspergillus as
evidenced by the labelling of Aspergillus-specific T cells with
soluble standalone Aspergillus-specific TCR molecules
attached to an appropriate labelling system (typically an anti-
body attached to a fluorochrome). Thus, the invention
includes a method of determining whether an individual is
infected with Aspergillus, the method comprising using a
TCR molecule of the invention. The soluble TCR molecules
are, in some respects, similar to monoclonal antibodies and
can be used to quantify antigen-presenting cells which are
presenting a peptide of the invention.
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[0135] Suitable samples from the patient include a sample
following bronchoscopic examination, such as one obtained
following lung lavage.

[0136] The patients treated by the therapeutic methods of
the invention are preferably human patients. The patients
treated by the therapeutic methods of the invention preferably
are HLA-DRB1*04. Thus, it may be convenient to determine
whether an individual to be treated is HLA-DRB1*04 or
generally determine the HLA genotype. It is also preferred
that the donor of any T cell for use in the therapeutic methods
of the invention is HLA-DRB1*04.

[0137] The invention will now be described in more detail
by reference to the following non-limiting examples and fig-
ures.

[0138] FIG. 1. Healthy individuals possess functional
CD4* memory cells specific for the A. fumigatus protein Asp
f16. (A) Restimulation of PBMC from 4 different healthy
donors stimulated with recombinant Asp f16 protein for 1
week. (B) Restimulation of PBMC from 4 different healthy
donors stimulated with recombinant Asp f1-H136L protein
for 1 week. (C) Restimulation of a T cell line generated by
stimulation with Asp 16 recombinant protein with autolo-
gous B cells transduced with the aspfl16 gene or an invariant
chain-asp  f16 fusion-gene  (li-aspfl16)(representative
example). (D) Inhibition of antigen presentation via MHC
class II by pre-incubation of antigen-presenting cells with
MHC class 11 blocking antibodies (representative example).
[0139] FIG. 2. Identification of a dominant immunogenic
epitope of the Asp 16 protein. (A) Amino acid sequence of
Asp 16 protein and synthetic peptides. (B) Restimulation of
3 Asp f16 recombinant protein-specific cell lines derived
from different HLA-DRB1*04-positive healthy donors with
5 different synthetic peptides. (C) T cell lines generated with
Asp f16 recombinant protein or FHT peptide restimulated
with recombinant protein and peptide (representative
example).

[0140] FIG. 3. Asp f16-specific T cell clones specifically
recognize their target antigen on dendritic cells incubated
with A. fiurmigatus. (A) Restimulation of T cell clones specific
for the Asp f16 FHT epitope with empty dendritic cells,
dendritic cells incubated with either vital C. albicans or A.
Sfumigatus conidia or FHT peptide (representative examples).
(B) Restimulation of an Asp 16 FHT-specific or CMV-spe-
cific T cell clone with dendritic cells incubated with vital 4.
fumigatus (representative examples). (C) Restimulation of
Asp f16 FHT-specific T cell clones with dendritic cells incu-
bated with vital 4. fumigatus in the presence of control or
MHC class I1-blocking antibody.

[0141] FIG. 4. The Asp fl16-based immunogenicity of A.
fumigatus strongly increases during germination and hyphal
growth. Restimulation of an Asp f16 FHT-specific T cell
clone with dendritic cells incubated with ethanol-killed rest-
ing conidia (Oh) or fungal preparations killed 4, 8 and 12
hours after germination (representative example).

[0142] FIG. 5. Activated Asp f16-specific T cell clones
enhance monocyte-mediated fungal killing. Supernatant
from Aspergillus-specific T cell clones activated by DC
pulsed with peptide or fungal antigen induce fungicidal activ-
ity against Aspergillus conidia in monocytes. Supernatant
from clones co-incubated with unpulsed mature DC or cul-
ture medium were used as controls (representative example).
[0143] FIG. 6. Proposed interplay between innate and
adaptive immunity to 4. fumigatus. Alveolar macrophages
phagocytose and kill most of the inhaled conidia @ Escap-
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ing conidia germinate to hyphae @, which can be destroyed
by neutrophilic granulocytes @ Dendritic cells process fun-
gal antigens (4) and activate innate immune cells @ as well
as T;,1 cells (6) that secrete cytokines to further enhance the
antifungal mechanisms of the innate effector cells @ thereby
helping to clear the infection.

[0144] FIG. 7. Cell lines expanded using the FHT peptide
contain T cells that bind specifically to the FHT peptide in the
context of DRB1#0401. PBMC from 3 different donors were
expanded with the FHT peptide for 14 or 21 days (IVS—In
vitro stimulation). Two of the donors were DRB1*0401 posi-
tive and one was DRB1*0408 positive. The FHT specific
expansions of T cells could be detected using the FHT peptide
bound to a multimer of DRB1*0401 showing T cells specific
for FHT can be detected by DRB1*0401/FHT multimer
staining.

[0145] FIG. 8. T cell clones produce significantly more
IFNg in response to re-stimulation with peptide loaded HLA
restricted LCL than to peptide alone proving the HLA
DRB1*0401/0408 restriction of the FHT peptide. Using lim-
iting dilution, individual T cell clones were generated. Fol-
lowing expansion, the clones were either left un-stimulated,
stimulated with FHT peptide or stimulated with HLA
restricted FHT loaded LCL. IFNg production was then mea-
sured in a standard ELISA. In all but one of the clones,
presenting the FHT peptide in the context of HLA-DRB1%*04
greatly increased specific cytokine production compared to
peptide alone indicating that FHT specifically binds
HLADRBI1#04 and the combination of FHT and HLA-
DRB1*04 can bind and functionally activate aspergillus spe-
cific T cells.

EXAMPLE 1

Aspergillus Fumigatus and the Interaction Between
Aspergillus Fumigatus Specific T Cells and the
Innate Immune Response

SUMMARY

[0146] Invasive Aspergillosis (IA) caused by the opportu-
nistic pathogenic fungus Aspergillus fumigatus constitutes a
serious complication especially in patients undergoing allo-
geneic stem cell transplantation (SCT) and is associated with
exceedingly high infection-related morbidity and mortality.
In recent years it has become evident that successful disease
control is dependent on protective T,,1 immune responses
critically enhancing the function of innate effector cells pri-
marily responsible for eradication of the pathogen. We evalu-
ated T cell responses to the A. fumigatus proteins Asp f1 and
Asp f16 in regard to the presence of functional memory cells
in potential HSCT donors. The data obtained indicate that
most healthy individuals posses Asp fl6-specific memory
T,,1 cells that are able to recognize and can be activated by the
pathogen during infection. In contrast Asp f1-specific T cell
responses could only be detected in a minority of donors. In
addition, an immunodominant epitope for the most abundant
MHC class T allele in the Caucasian population was mapped,
whichelicits T,;1 responses in all tested donors. Furthermore,
supernatant harvested from activated Aspergillus-specific T
cells enhanced fungal killing by innate effector cells. The data
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obtained allows the development of immunotherapeutic pro-
tocols for prevention and treatment of Aspergillus fumigatus
infections.

Materials and Methods

Cloning, Expression and Purification of Recombinant Asp
16 and Asp f1 Protein

[0147] The gene encoding the A. fumigatus Asp f16 protein
(NCBI accession number AY169706) was cloned into the
eukaryotic expression vector pcDNA3.1-TOPO (Invitrogen,
Karlsruhe, Germany) with N- and C-terminal FLAG®-Tag
(Sigma-Aldrich, Muenchen, Germany). The gene was ampli-
fied from cDNA kindly provided by Utz Reichard (University
of Goettingen, Germany). The gene encoding Asp f1 protein
(NCBI accession number M83781) was cloned accordingly,
omitting the leader sequence (cDNA kindly provided by Prof.
Dr. Stefan Stevanovi¢, University of Tuebingen, Germany).
To make expression of the cytotoxic Asp f1 protein in eukary-
otic cells possible, we introduced the point mutation
His136Leu (Asp f1-H136L) which significantly diminished
toxicity in the producer cells, based on the findings by Yang
and Kenealy'® and Kao et al'®,

[0148] pcDNA3.1-aspfl6-FLAG and pcDNA3.1-aspfl-
H136L-FLAG expression vector was introduced into the
transgenic human cell line phoenix GALV> via calcium
phosphate transfection. Parental as well as transfected pro-
ducer cells were cultivated in DMEM medium (Invitrogen,
Karlsruhe, Germany) supplemented with 10% heat-inacti-
vated fetal calf serum (FCS, Biochrom, Berlin, Germany) and
100 U/ml Penicillin-Streptomycin (Invitrogen, Karlsruhe,
Germany). 24 hours after transfection transgene expression
from the CMV promoter of the expression vector was
enhanced by addition of 1 mM sodium butyrate (Sigma-
Aldrich, Muenchen, Germany) to the culture medium?®'.
[0149] To purify the cytoplasmically expressed recombi-
nant protein, producer cells were lysed with buffer containing
50 mM Tris-HCl pH 7.4, 150 mM NaCl, | mM EDTA and 1%
Triton X-100 supplemented with protease inhibitor cocktail
(Roche, Mannheim, Germany) and the FL AG-tagged recom-
binant protein purified under native conditions using M2-aga-
rose according to the manufacturers instructions (Sigma-Al-
drich, Muenchen, Germany). Purity of the protein preparation
was assessed by coomassie staining of polyacrylamide gels.
The synthetic peptides derived from the Asp f16 sequence
were kindly provided by Prof. Dr. Stefan Stevanovi¢ (Univer-
sity of Tuebingen, Germany).

Generation of Antigen-Specific T Cell Lines and T Cell
Clones

[0150] Blood was obtained from HLA-DRBI*-typed
healthy donors after informed consent. Peripheral blood
mononuclear cells (PBMC) were isolated via centrifugation
in Biocoll Separating Solution (Biochrom, Berlin, Germany)
and either used directly after preparation or cryopreserved for
later use. Cells were cultured in RPMI 1640 with
L-Glutamine (Invitrogen, Karlsruhe, Germany), supple-
mented with 10% heat-inactivated, pooled human serum and
100 U/ml Penicillin-Streptomycin (Invitrogen, Karlsruhe,
Germany).

[0151] Antigen-specific T cell lines were generated by
incubation of 1x107 whole PBMC per well in 6-well cell
culture plates with 5 pg/ml recombinant protein or 1 pg/ml
peptide antigen for 7 days. Lymphocyte cultures were supple-
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mented with 5 U/ml IL-2 (Proleukin, Chiron, Ratingen, Ger-
many) every other day and culture medium replenished as
needed.

[0152] For generation of antigen-specific T cell clones
PBMC were stimulated repeatedly with 1 pg/ml FHT peptide
once weekly for 4 weeks. Subsequently T cell clones were
generated by limiting dilution in 96-well plates and expanded
using the rapid expansion protocol as described by Beck et
al'*. A CMV,¢s-specific CD4* T cell clone used in control
experiments was generated accordingly by limiting dilution
of T cells stimulated with pp65 peptide antigen (kindly pro-
vided by Jan Diekmann).

Retroviral Transduction of B Lymphocytes for Presentation
of Endogenously Synthesized Antigen

[0153] Theaspfl6 gene and ali-aspfl6 fusion-gene encod-
ing N-terminally for the first membrane-spanning 80 amino
acids of the invariant chain (li) were cloned into the retroviral
vector pLZNGFR-PGK (kindly provided by Stanley Riddell,
Fred Hutchinson Cancer Research Center, Seattle, Wash.)
enabling isolation of stably transduced cells by expression of
a truncated form of the nerve growth factor receptor as pre-
viously described®***. Infectious virus used for transduction
of primary B cells was produced using the retroviral packag-
ing cell line phoenix GALVZ°.

[0154] CDA40L-activated B cells were generated and retro-
virally transduced as previously described®*. Briefly, whole
PBMC were cultured on gamma-irradiated human CD40L-
transfected NIH 3T3 cells in IMDM medium (Lonza GmbH,
Wuppertal, Germany) supplemented with 10% heat-inacti-
vated, pooled human serum, 4 ng/ml IL-4 (R&D systems,
Wiesbaden-Nordenstadt, Germany) and 0.7 pg/ml cyclospo-
rine A (Sigma-Aldrich, Muenchen, Germany). The expand-
ing cells were transferred onto freshly prepared feeder cells
every 3-4 days. Retroviral transduction was performed 7 days
after culture initiation in the presence of 8 pg/ml polybrene
(Sigma-Aldrich, Muenchen, Germany) facilitated by spin
infection. Stably transduced B cells were isolated 7 days after
transduction based on NGFR expression using magnetic cell
separation techniques (Miltenyi Biotech, Bergisch Gladbach,
Germany). Transduced CD40L-activated B cells were used in
a ratio of 1:10 for restimulation of autologous Asp f16-spe-
cific cell lines generated by stimulation with recombinant
protein.

Restimulation of Antigen-Specific T Cells with Protein, Pep-
tide or Transduced B Cells and IFN-y ELISA

[0155] Autologous monocytes were isolated from whole
PBMC by allowing cells to adhere to tissue culture dishes for
2 hours and subsequent extensive washing to remove non-
adherent cells. For presentation of protein antigen, mono-
cytes were cultured overnight in the presence of 5 pg/ml
recombinant protein and harvested by mechanical abrasion
the next day. For presentation of peptide antigen, monocytes
were incubated overnight without antigen and mature cells
harvested and pulsed with 1 pg/ml peptide antigen for 1 hour.
Transduced autologous B cells were used as antigen-present-
ing cells (APC) after repeated culture on gamma-irradiated
human CD40L-transfected feeder cells.

[0156] Aspergillus-specific T cell lines or clones were
restimulated with protein- or peptide-pulsed monocytes or
transduced CD40L-activated B cells in a ratio of 5:1 or 10:1,
respectively, for 24 hours and sandwich ELISA performed
with culture supernatant using anti-IFN-y antibodies (En-
dogen, Perbio Science, Bonn, Germany) according to stan-
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dard protocols. In some experiments APC were pre-incubated
with either 25 pg/ml control antibody or MHC class II block-
ing antibody (No. 555556, BD Biosciences, Heidelberg, Ger-
many) for 1 hour prior to addition of the T cells. Antibody also
remained present during the 24 hours co-incubation of T cells
with APC.

Restimulation of Antigen-Specific T Cell Clones with Live or
Ethanol-Killed Fungus

[0157] Dendritic cells (DC) were generated from mono-
cytes by addition of 500 U/m1 GM-CSF (PromoCell, Heidel-
berg, Germany) and 700 U/ml IL-4 (R&D systems, Wies-
baden-Nordenstadt, Germany) to the culture medium.
Immature dendritic cells were incubated for 24 hours with
eitherlive A. fumigatus or C. albicans conidia or funguskilled
by treatment with ethanol 0, 4, 8 or 12 hours after germination
and subsequently co-incubated, with Aspergillus peptide-
specific T cell clones for further 24 hours. Dendritic cells used
for presentation of protein or peptide antigen were induced to
mature by addition of 25 ng/ml TNF-q, 5 ng/ml IL-1f, 10
ng/ml IL-6 (all R&D systems, Wiesbaden-Nordenstadt, Ger-
many) and 1 pg/ml PGE, (Pharmacia, Ratingen, Germany)
prior to antigen-pulsing and co-incubation with antigen-spe-
cific T cells. In one experiment the antigen-presenting den-
dritic cells fed with live Aspergillus conidia were incubated
with either 25 pg/ml control antibody or MHC class II block-
ing antibody (No 555556, BD Biosciences, Heidelberg, Ger-
many) for 1 hour prior to addition ofthe T cells. Antibody also
remained present during the 24 hours co-incubation of T cells
with antigen-presenting DC. Culture supernatant harvested
after 24 hours was used to determine T cell activation by
IFN-yELISA and to assess fungal killing by monocytes using
confrontation assays.

Quantification of Fungal Killing by Monocytes

[0158] Killing of A. fumigatus conidia by monocytes was
quantified using confrontation assays. Conidia were co-incu-
bated with monocytes with a multiplicity of infection of 1 for
1, 2 and 3 hours. Monocytes had been pre-incubated with
supernatant from stimulated or unstimulated T cells or
medium for 30 min prior to the experiment. Controls were
plated at 0 hours. Each experimental setting was determined
in quadruple. At the appropriate time point cells were lysed by
adding 2 ml ice-cold H,O. 50 ul of this suspension were
added to 250 pl of phosphate buffered saline and 90 pl of this
dilution was plated on Sabouraud agar. Colonies were quan-
tified after incubation at 37° C. over night. At least three
independent replications with cells from different donors
were performed for each experiment.

Results

[0159] Identification ofa Protein-Specific Recall Response
to Aspergillus fumigatus

[0160] Ithasbeen demonstrated that memory T 1-biased T
cell responses specific for Aspergillus fumigatus can be
detected in peripheral blood cells from healthy individuals
upon stimulation with Aspergillus-derived protein extract'*,
Potential candidate antigens with immunogenic properties in
this preparations include Asp fl1, which has shown to be
capable of eliciting T,2 responses in patients suffering from
hypersensitivity lung disease®>*® and Asp f16, which has
been shown to stimulate CD4" as well as CD8" responses in
blood cell cultures of healthy individuals®”**. Recombinant
Asp f1 and Asp {16 proteins were produced in a eukaryotic
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expression system and purified by standard methods via
introduced FLAG-Tags. We choose specifically a mammalian
expression system to circumvent unspecific T cell stimulation
by bacterial-derived endotoxin. In order to express the ribot-
oxin Asp f1 efficiently, we mutated the codon coding for the
histidine residue at position 136 involved in catalytic activity
(Asp f1-H136L, described by Yang and Kenealy'® and Kao at
al'®), which nearly abolished cytotoxicity in the producing
cell line.

[0161] PBMC from 4 different healthy donors, were stimu-
lated for 7 days with purified recombinant Asp f1-H136L or
Asp 16 protein. The generated T cell lines were then re-
exposed for 24 hours to both proteins and the amount of
secreted IFN-y quantified in the supernatant by IFN-y ELISA.
The amount of IFN-y was compared to fresh autologous
PBMC. Cytokine levels of at least 50 pg/ml and/or a more
than 5-fold IFN-y increase in restimulated cultures in com-
parison to background cytokine levels in unstimulated cul-
tures was defined as significant antigen-specific response. As
shown in FIG. 1A all tested donors displayed significant
levels of IFN-y after one week of stimulation with recombi-
nant Asp 16 protein, whereas only one of 4 donors responded
robustly to recombinant Asp f1-H136L protein, the other 3
donors showing only marginal responses (FIG. 1B). As Asp
f1 elicited only a response in selected donors, we concen-
trated our efforts on characterizing the interaction between
innate and adaptive immunity in regard to the immunodomi-
nant response to Asp f16.

[0162] To verify if the observed IFN-y production is anti-
gen-specific and not due to contamination of our protein
preparation, aspf16 cDNA was cloned into the retroviral vec-
tor pLZNGFR-PGK. To enhance antigen presentation via the
MHC class 1 pathway the gene segment encoding for the
membrane-spanning N-terminal part of the invariant chain
(1i) was fused to aspf16 cDNA and the fusion-gene li-aspf16
cloned into the same retroviral vector. Autologous CD40L-
activated B cells from selected donors were transduced with
supernatant containing virions encoding either for the cyto-
plasmically expressed Asp 16 protein or the fusion-protein
which is channelled into the MHC class I1 presentation path-
way. Transduced B cells were selected based on the expres-
sion of NGFR and used as restimulators of Asp f16-specific T
cell lines generated by stimulation with recombinant protein.
As shown in FIG. 10, only autologous B cells transduced with
the li-aspf16 fusion-gene induced a significant production of
TFN-y in Asp f16-specific T cell lines, whereas both untrans-
duced B cells as well as B cells modified to express Asp £16
cytoplasmically demonstrated no significant IFN-y produc-
tion in comparison to fresh autologous PBMC.

[0163] To address the question whether the observed T cell
response is either mediated by CD4* or CD8* T cells,a MHC
class 1T neutralizing antibody was added. As shown in FIG.
1D Asp f16-triggered IFN-y production could nearly be abro-
gated in the presence of blocking antibody, whereas a control
antibody had no significant influence on Asp f16-triggered
cytokine production. Furthermore, co-culture of retrovirally
transduced autologous B cells presenting endogenously syn-
thesized Asp 16 antigen with pre-selected CD4* or CD8* T
lymphocyte subsets did induce only very limited IFN-y pro-
duction in the CD8* fraction, whereas CD4* cells showed
robust activation of Aspergillus-specific memory cells (data
not shown).

Identification of a Dominant Immunogenic Epitope of the
Asp f16 Protein

[0164] Inorderto defineacommon MHC class Il epitope of
the Asp f16 protein, lymphocyte donors were screened for the
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expression of the most abundant MHC class 11 allele HLA-
DRB1*04 and Asp fl6-specific T cell lines generated as
described. Peptides were designed based on the SYFPEITHI
epitope prediction algorithm®® and synthesized to greater that
80% purity. Asp f16-specific T cell lines of 3 different healthy
HLA-DRB1#04-positive donors were exposed to peptide-
pulsed autologous monocytes as depicted in FIG. 2A.
Restimulation of the T cell lines of all donors showed an
abundant production of TFN-y in response to the peptide FHT,
suggesting this epitope to be highly immunogenic (FIG. 2B).
Minor responses were seen with the AST peptide only in 2 out
of 3 donors and minimal response to the remaining 3 peptides
VKS, GAE and EVD (FIG. 2B). To confirm this results a
series of criss-cross experiments was performed, where
PBMC from HLA-DRB1*04-positive donors were stimu-
lated for one week with either the FHT peptide or the recom-
binant Asp 16 protein. All T cell cultures were then exposed
to both peptide and recombinant protein for 24 hours and
IFN-y production quantified. Again, specific cytokine pro-
duction could be detected regardless if T cell lines were
generated with peptide or protein antigen (FIG. 2C). In gen-
eral higher cytokine levels were seen with cultures stimulated
initially with peptide than with recombinant protein.

Asp f16 Epitope-Specific T Cell Clones Recognize their Tar-
get Antigen on Dendritic Cells Incubated with Live 4. fumi-
gatus

[0165] The previous results so far demonstrated that all
tested healthy individuals possess Asp fl6-specific CD4*
memory T, cells and that HLA-DRB1*04-positive donors
in general exhibit substantial responses to the Asp f16 FHT
peptide. As pathogenic fungi, in comparison to viral or bac-
terial pathogens, are highly complex organisms with mani-
fold and intricate antigenic propetties, it is also of interest to
determine whether the specific antigen investigated is effi-
ciently processed and presented by fungus-pulsed APC to
stimulate T cell activation. To investigate whether 4. fumiga-
tus epitope-specific T cells can be specifically activated by
live fungus, FHT-specific CD4* T cell clones were estab-
lished by limiting dilution, expanded and restimulated with
autologous dendritic cells co-incubated with either vital
Aspergillus fumigatus, vital Candida albicans or with the
FHT peptide. As shown in FIG. 3A FHT-specific CD4* T cell
clones produced high amounts of IFN-y in response to DC fed
with live Aspergillus conidia or synthetic peptide, whereas
DC fed with live Candida failed to induce significant [FN-y
production in FHT-specific CD4* T cells. In a second set of
experiments we addressed the question, if dendritic cells
exposed to live Aspergillus could potentially activate T cells
unspecifically. To answer this question a CMV , s-specific
CD4* T-cell clone was co-cultured with autologous DC fed
with live Aspergillus conidia. As shown in FIG. 3B consider-
ably lower IFN-y levels could be detected in cultures of T cell
clones with unrelated specificity in comparison to FHT-spe-
cific CD4* T cell clones that showed robust production of
cytokines. Furthermore, IFN-y secretion by the CD4™ T cell
clone was greatly diminished if the antigen-presenting den-
dritic cells were pre-treated with MHC class II blocking anti-
body, as would be expected (FIG. 3C).

[0166] As Aspergillus fumigatus enters its host in the form
of airborne conidia and starts invasive infection by initiation
of germination and hyphal outgrowth, we investigated
whether FHT-specific CD4* T cells can be activated either by
conidia, germinating conidia or hyphae.
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[0167] Different growth stages of A. fumigatus were etha-
nol-killed at defined time points, fed to autologous DC and
FHT-specific CD4* T cells added. As depicted in FIG. 4 only
marginal cytokine production was detected in cultures when
ethanol-killed Aspergillus conidia were used as antigen.
Increasing amounts of cytokine could be detected in a time-
dependent fashion in supernatant collected from cultures in
which 4. fumigatus was allowed to germinate and grow
before ethanol-killing. In conclusion, FHT-specific CD4* T
cells are specifically activated by germinating 4. firmigatus
conidia and hyphae, whereas resting conidia have only lim-
ited stimulatory capacity and other fungal pathogens like C.
albicans fail to induce activation.

Activated Asp 16-Specific T Cell Clones Enhance Fungal
Killing by Monocytes

[0168] To clarify if the Asp fl16-specific T cell clones are
actually able to improve the effector function, of innate effec-
tor cells, monocytes pre-incubated with supernatant taken
from T cell cultures activated with FHT peptide-pulsed or
fungus-pulsed dendritic cells were co-incubated with vital A.
fumigatus conidia. After 3 hours of incubation monocytes
were lysed and the lysate plated on Sabouraud agar to deter-
mine the number of viable conidia surviving inside the phago-
cytes (FIG. 5). Whereas control supernatant taken from T cell
cultures co-incubated with unpulsed DC had hardly any effect
on the killing capacity of monocytes, supernatant taken from
T cells activated with FHT peptide-pulsed or fungus-pulsed
APC was able to significantly reduce fungal survival after
phagocytosis by monocytes, indicating that factors secreted
by the activated T cell clones possess the potential to enhance
the antifungal mechanisms of monocytes.

Discussion

[0169] In this work we have shown that all tested healthy
donors possess memory cells specific for the A. fimigatus
protein Asp f16, whereas recombinant Asp f1 induces distinct
T cell responses only in selected donors. The observed
responses were mediated by antigen-specific memory cells of
the CD4" T,,1 helper cell type responding with IFN-y secre-
tion upon activation. Conditions biasing T,1 CD4™ T cell
responses were specifically chosen as it has been shown in the
past that healthy in contrast to affected individuals show
functional T,,1 responses to A. fumigatus'>'” and only T,,1
responses are protective against Aspergillus infection in
mice™ "'?, Furthermore adoptive transfer of functional T,,1
cells is able to control Aspergillus-related mortality in trans-
plant recipients in mouse models'* as well as a human
study®, whereas T,,2 responses are often detrimental for the
outcome of invasive disease™ '>°. In addition, T,,2 biased
Aspergillus-specific T cell responses are associated with
severe atoptic manifestations including allergic bronchopul-
monary aspergillosis (ABPA)*>~! as well as the late onset of
pulmonary Aspergillosis in patients after allogeneic SCT.

[0170] Activation of CD8" cells could not be detected upon
stimulation either with protein or peptide antigen, which may
be due to the relative inefficiency of cross presentation as
indicated by other groups®*?>. To address the apparent
absence of CD8* memory responses more specifically, we
established artificial APC by genetically modifying autolo-
gous B cells to present the Asp f16 antigen, as this artificial
system in general is highly potent in stimulating CD8* T cell
responses™. Despite this approach to augment MHC class
I-mediated T cell stimulation we could detect only very lim-
ited CD8" recall responses to Asp f16. In contrast, by utilizing
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the same APC modified to express a MHC class I1-targeted
li-Asp 16 fusion construct CD4" recall responses were
readily detected, confirming appropriate stimulation condi-
tions in our cultures.

[0171] The fact that rechallenge with Asp 16, but not Asp
1 induced memory T,,1 responses in the majority of tested
donors are in accordance with previous data associating the
Asp 16 antigen mainly with T, 1 responses, whereas the Asp
f1 antigen is connected predominantly with T2 responses
and atopic disease. Challenge with the Asp {16 antigen
together with CpG deoxyoligonucleotides as adjuvant for
instance induces a protective T,,1 immune response in mice’.
Stimulation of human peripheral blood cells with Asp 16 on
the other hand, has been shown to induce proliferation and
activation of memory cells of different T lymphocyte sub-
types, depending on whether blood was taken from healthy
individuals or patients suffering from ABPA*’>% The
Aspergillus antigen Asp fl in contrast, has so far been
described only in connection with T,2-biased allergic
immune responses in mice and humans®>~%3, therefore it is
not surprising that T,1 responses to this antigen were
observed only occasionally in the healthy individuals inves-
tigated in this study.

[0172] We were furthermore able to determine one highly
immunogenic, HLA-DRB1*04-restricted epitope of the Asp
16 protein, that reproducibly elicited antigen-specific [FN-y
production in all HLA-DRB1*04-positive donors positively
tested for responses to the recombinant protein. Ramadan et
al have already previously described the proliferation and
activation of peripheral blood lymphocytes from healthy
donors in response to challenge with Asp f16 protein and
synthetic peptides®”>**; however, the responding cells turned
outto becytolytic CD8* as well as CD4* lymphocytes and the
contribution of those cytotoxic cells in host defence against A.
fumigatus has not been clearly established to date. Although
activated CD4* and CD8" T cells as well as NK cells have
indeed demonstrated direct antifungal activity against Cryp-
tococcus neoformans and Candida albicans depending on
intimate cell to cell contact'*?*39, the receptors and cognate
ligands involved in recognition and the exact mechanism of
action remain largely undefined. Besides, cytotoxic T lym-
phocytes obviously play rather a supportive role in actual
control of 4. fumigatus in vivo, as can be seen in mice selec-
tively depleted of neutrophil function by antibody treat-
ment®’. Although the treated animals are exclusively com-
promised in neutrophil function and still possess a functional
T cell repertoire, they quickly succumb to infection with
sublethal doses of 4. fumigatus, whereas untreated wild type
animals are able to clear the infection. This observation
clearly stresses the pivotal role of innate effector cells in
eradication of fungal infections that can be critically
enhanced but not made redundant by antigen-specific T lym-
phocytes.

[0173] We have also demonstrated that the generated Asp
f16-specific CD4™ Tl T cell clones are specifically and
exclusively activated by APC presenting Aspergillus-derived
Asp f16 antigen either in the form of synthetic peptide, puri-
fied protein or viable fungus and are not cross-reactive to APC
pulsed with C. albicans or purified Asp {1 protein. Also of
great interest is the observation, that a CD4* T,,1 T cell clone
with unrelated specificity responded only with comparably
weak cytokine secretion upon contact with DC exposed to
live 4. fumigatus, indicating that the observed stimulatory
effect is not attributable to unspecific T cell activation due to
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the pro-inflammatory milieu generated by dendritic cells after
exposure to live fungus. Another fact stressing the antigen-
specificity of the response is that T lymphocyte activation is
MHC-restricted, as pre-treatment of the antigen-presenting
cells with MHC class 1T blocking antibody strongly impairs
IFN-y production.

[0174] One further important factor concerning immunity
to A. fumigatus is the phenotypic switching from conidia to
hyphae during germination, which may help the pathogen to
evade host defence®®. The change from one morphotype to
another is accompanied by loss or change of pathogen-spe-
cific signals that are important for the activation and educa-
tion of antigen-presenting cells® as well as determining the
availability of fungal antigens during different growth phases
of the pathogen. The A. fumigatus Asp {16 FHT peptide-
specific T cell clones were able to recognize their target
antigen with high specificity and sensitivity on dendritic cells
presenting antigen of phagocytosed germinating conidia or
outgrown hyphae, whereas only marginal responses were
detected after phagocytosis of resting conidia, suggesting that
protein expression of the Asp f16 antigen strongly increases
during germination.

[0175] Furthermore, supernatant taken from T cell cultures
co-incubated with fungus-pulsed dendritic cells was able to
greatly improve the antifungal activity of monocytes, one of
the effector arms of innate immunity against Aspergillus
infection. The stimulatory effect exerted by activated antigen-
specific T,;1 cells is probably based on secreted IFN-y and
colony-stimulating factors like G-CSF and GM-CSF, all of
which have extensively proven to enhance antifungal effector
mechanisms of phagocytes and granulocytes*®*'. It has also
been shown that IFN-y together with G-CSF is even able to
prevent corticosteroid-induced suppression of monocyte and
neutrophil function in vitro**** an effect that could poten-
tially also contribute to clearance of invasive Aspergillosis in
immunosuppressed transplant recipients. This hypothesis is
strengthened by mouse experiments showing that vaccinated
animals are protected against subsequent lethal infection with
A. fumigatus, even when mice are rechallenged during corti-
costeroid-treatment®. A diagram depicting the proposed
interplay between innate and adaptive immunity in the con-
trol of 4. fumigatus infection is shown in FIG. 6.

[0176] With the avenue of immunotherapy being increas-
ingly successful in prevention and treatment of viral infec-
tions™* we believe that adoptive immunotherapy targeted at 4.
fumigatus will be equally promising. First insight into poten-
tial application in the treatment of invasive Aspergillosis in
transplant recipients was already obtained by Perruccio et
al'é, showing that adoptive transfer of Aspergillus-specific
CD4* T cell clones generated by stimulation with heat-killed
conidia was associated with control of Aspergillus antigen-
emia and infection-related mortality in the recipients. Adop-
tive T cell therapy may be beneficial in patients with evidence
of invasive disease, as done in the study mentioned, or as
prophylactic or preemptive therapy in asymptomatic trans-
plant recipients. One consideration favouring early preven-
tive therapy could be the risk of overwhelming T cell activa-
tion and a resultant excessive cytokine release potentially
inducing massive tissue damage if adoptive transfer is con-
ducted in patients with established widespread fungal growth.
On the other hand, preemptive T cell therapy highly depends
on the quality of available detection assays for the diagnosis
of subclinical Aspergillus infection. This question is espe-
cially of interest as early diagnosis of invasive Aspergillosis
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still remains difficult, despite the availability of relatively
sensitive assays detecting fungal serum galactomannan and
[-glucan or polymerase chain reaction-based detection meth-
ods*. As an alternative to adoptive transfer of T lymphocytes,
another strategy is vaccination with dendritic cells presenting
Aspergillus-derived antigens. This approach may be used
either to boost immunity in the stem cell donor prior to stem
cell collection, or alternatively, in the patient after allogeneic
transplantation®’.

[0177] Taken together these data demonstrate for the first
time the characterization of an immunodominant Aspergil-
lus-derived antigen and the definition of an epitope specific
for an abundant MHC class 11 allele. Furthermore, CD4* T,1
cells specific for this antigen can be readily activated by DC
after uptake of live Aspergillus, which in tum are able to
condition innate effector cells to enhance control of the fun-
gus. These results provide for immunotherapeutic approaches
for prevention and treatment of invasive Aspergillosis in allo-
geneic HSCT recipients, and other patient groups.

EXAMPLE 2

Immune Reconstitution Against Aspergillus Fumiga-
tus in Patients Following Allogeneic HSCT Using
Aspergillus-Specific T Cells Selected from the Donor
Using the FHT Peptide

[0178] This example is based upon the treatment of patients
following allogeneic HSCT. In this application, the donor
who has provided the haematopoietic stem cells for transplant
is positive for HLA DRB1*04.

[0179] The peptide is synthesised on an Applied Biosys-
tems synthesiser, ABI 431A (Foster City, Calif., USA) and
subsequently purified by HPLC.

[0180] Bloodis obtained from a HLA-DRB1*-typed donor
after informed consent. Donor peripheral blood mononuclear
cells (PBMCs) are isolated via centrifugation in Biocoll
Separating Solution (Biochrom, Berlin, Germany) and either
used directly after preparation or cryopreserved for later use.
Cells are cultured in RPMI 1640 with L-Glutamine (Invitro-
gen, Karlsruhe, Germany), supplemented with 10% heat-
inactivated, pooled human serum and 100 U/ml Penicillin-
Streptomycin (Invitrogen, Karlsruhe, Germany).

[0181] Antigen-specific T cell lines are generated by incu-
bation of 1x10” whole PBMCs per well in 6-well cell culture
plates with 1 pg/ml FHT Peptide antigen for 7 days. Lympho-
cyte cultures were supplemented with 5 U/ml IL-2 (Proleu-
kin, Chiron, Ratingen, Germany) every other day and culture
medium replenished as needed. Thereafter, the PBMCs were
stimulated repeatedly with 1 ug/ml FHT Peptide once weekly
for 4 weeks. Subsequently T cell clones were generated by
limiting dilution in 96-well plates and expanded using the
rapid expansion protocol as described by Beck et al**.
[0182] Following quality control and potency assays to
determine the purity and functional ability of the T cell clones
to enhance the innate immune response against Aspergillus
fumigatus (described earlier under Example 1), the cells are
infused into patients following allogeneic HSCT at a dose of
10* Aspergillus-specific T cells per kg of patient weight.
[0183] Following infusion, the Aspergillus-specific T cells
will recognise the FHT Peptide presented by antigen-present-
ing cells present in the patient. The Aspergillus-specific T
cells will secrete cytokines and other soluble mediators of the
human immune response which activate and recruit neutro-
phils, macrophages, and other cells of the innate immune
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system to mount a immune response through innate effector
functions against the Aspergillus pathogen.

EXAMPLE 3
Restriction of FHT Peptide

[0184] Cell Lines Expanded Using the FHT Peptide Con-
tain T Cells that Bind Specifically to the FHT Peptide in the
Context of DRB1¥0401

[0185] PBMC from 3 different donors were expanded with
the FHT peptide for 14 or 21 days (IVS—In vitro stimula-
tion). Two of the donors were DRB1*0401 positive and one
was DRB1*0408 positive. The FHT specific expansions of T
cells could be detected using the FHT peptide bound to a
multimer of DRB1#0401 showing T cells specific for FHT
can be detected by DRB1*0401/FHT multimer staining (see
FIG. 7).

T Cell Clones Produce Significantly More IFNg in Response
to Re-Stimulation with Peptide Loaded HLA Restricted LCL
than to Peptide Alone Proving the HLA DRB1*0401/0408
Restriction of the FHT Peptide

[0186] Using limiting dilution, individual T cell clones
were generated. Following expansion, the clones were either
left un-stimulated, stimulated with FHT peptide or stimulated
with HLA restricted FHT loaded LCL. IFNg production was
then measured in a standard ELISA. In all but one of the
clones, presenting the FHT peptide in the context of HLA-
DRB1*04 greatly increased specific cytokine production
compared to peptide alone indicating that FHT specifically
binds HLADRB1*04 and the combination of FHT and HL A-
DRB1*04 can bind and functionally activate aspergillus spe-
cific T cells (see FIG. 8).
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 6

<210> SEQ ID NO 1

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Aspergillus

<400> SEQUENCE: 1

Phe His Thr Tyr Thr Ile Asp Trp Thr Lys Asp Ala Val Thr Trp

1 5 10

<210> SEQ ID NO 2

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Aspergillus

<400> SEQUENCE: 2

15

Pro Val Ala Thr Pro Gln Glu Thr Phe His Thr Tyr Thr Ile Asp

1 5 10

<210> SEQ ID NO 3

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Aspergillus

<400> SEQUENCE: 3

Pro Gln Glu Thr Phe His Thr Tyr Thr Ile Asp Trp Thr Lys Asp

1 5 10

<210> SEQ ID NO 4

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Aspergillus

<400> SEQUENCE: 4

15

Thr Ile Asp Trp Thr Lys Asp Ala Val Thr Trp Ser Ile Asp Gly

1 5 10

<210> SEQ ID NO 5
«211> LENGTH: 15
«212> TYPE: PRT

15
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-continued

<213> ORGANISM: Aspergillus

<400> SEQUENCE: 5

Thr Lys Asp Ala Val Thr Trp Ser Ile Asp Gly Ala Val Val Arg

1 5 10

<210> SEQ ID NO 6

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Aspergillus

<400> SEQUENCE: 6

His Thr Tyr Thr Ile Asp Trp Thr Lys Asp Ala
1 5 10

15

1. A complex comprising a Class Il HLA-DRB1*04 mol-
ecule bound to a peptide, wherein the peptide is a peptide of
less than 10 000 molecular weight comprising the amino acid
sequence FHTYTIDWTKDAVTW or a portion thereof, or a
variant thereof wherein the side chains of one or two or three
or four or five or six or seven of the amino acid residues are
altered, wherein the peptide comprising the portion, or vari-
ant, is capable of binding HLA DRB1*04.

2. A complex according to claim 1 which is a soluble
complex.

3. A complex according to claim 1 wherein the Class II
HLA-DRB1*04 molecule is a synthetic molecule.

4-5. (canceled)

6. A method forselecting, isolating or identifying Aspergil-
lus-specific T cells, the method comprising contacting a
population of T cells with a peptide presented in a Class 11
HLA-DRB1*04 molecule, wherein the peptide is a peptide of
less than 10 000 molecular weight comprising the amino acid
sequence FHTYTIDWTKDAVTW or a portion thereof, or a
variant thereof wherein the side chains of one or two or three
or four or five or six or seven of the amino acid residues are
altered, wherein the peptide comprising the portion, or vari-
ant, is capable of binding HLA DRB1*04.

7. A method according to claim 6 wherein the Class [THLA
molecule is present on the surface of an antigen-presenting
cell.

8. A method according to claim 6 wherein the Class [THLA
molecule is a synthetic soluble Class I HLA molecule.

9. A method according to claim 6 wherein the selected
Aspergillus-specific T cell is isolated.

10-11. (canceled)

12. Aspergillus-specific T cells obtainable by the method
according to claim 6 wherein the Aspergillus-specific T cells
recognise human class 1T HLA molecules expressed on the
surface of an antigen-presenting cell and loaded with the
peptide.

13. Aspergillus-specific T cells which are able to recognise
the HLA-DRB1*04-presented peptide FHTYTIDWTK-
DAVTW.

14. A T-cell receptor (TCR) which detects Aspergillus
infection, the TCR being obtainable from the Aspergillus-
specific T cells of claim 12, or a functionally equivalent
molecule to the TCR, wherein the TCR, or a functionally
equivalent molecule to the TCR, recognises human class 11

MHC molecules expressed on the surface of an antigen-
presenting cell and loaded with the peptide.

15-17. (canceled)

18. A method of combating Aspergillus infection in a
patient or of combating allergy to Aspergillus in a patient the
method comprising administering to the patient an effective
number of Aspergillus-specific T cells as defined in claim 12.

19. A pharmaceutical composition comprising Aspergil-
lus-specific T cells as defined in claim 12 and a pharmaceu-
tically acceptable carrier.

20-22. (canceled)

23. A method according to claim 18 wherein the Aspergil-
lus-specific T cells are autologous to the patient.

24. A method according to claim 18 wherein the patient is
undergoing allogeneic HSCT and the T cell is from the donor.

25. (canceled)

26. A method according to claim 18 wherein allergy to
Aspergillus is combated and the T cell is a T regulatory cell.

27. A method of combating Aspergillus infection in a
patient, the method comprising the steps of (1) obtaining T
cells from the patient; (2) introducing into said cells a poly-
nucleotide encoding a T cell receptor (TCR), or a functionally
equivalent molecule, as defined in claim 14; (3) introducing
the cells produced in step (2) into the patient.

28. A method of assessing the amount of Aspergillus-spe-
cific T cells in an individual the method comprising contact-
ing a blood sample from the individual with the complex of
claim 1.

29. A peptide of less than 10 000 molecular weight com-
prising the amino acid sequence FHTYTIDWTKDAVTW or
aportion thereof, or a variant thereof wherein the side chains
of one or two or three or four or five or six or seven of the
amino acid residues are altered, wherein the peptide compris-
ing the portion, or variant, is capable of binding HLA
DRB1*04.

30. A peptide according to claim 29 which has a molecular
weight less than 5 000.

31. A peptide according to claim 29 which has a molecular
weight less than 3 000.

32. A peptide according to claim 29 wherein when bound to
HLA-DRB1#04 the peptide-bound HLA-DRB1#04 is
capable of identifying T cells specific for Aspergillus fumi-
gatus.

33. A peptide according to claim 29 wherein the peptide
includes non-peptide bonds.
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34. A peptide consisting of the amino acid sequence
FHTYTIDWTKDAVTW or a portion thereof, or a variant
thereof wherein the side chains of one or two or three or four
or five or six or seven of the amino acid residues are altered,
wherein the portion or variant is capable of binding HLLA
DRBI1*04.

35. (canceled)

36. A polypeptide which is a fusion of a first peptide of
claim 29 and a second peptide.

37. (canceled)

38. A polypeptide according to claim 36 wherein the sec-
ond peptide is an invariant chain of an HLA molecule and
wherein the first peptide is able to occupy the peptide-binding
groove of the HLA molecule.

39. A polynucleotide encoding a peptide according to
claim 29.

40-43. (canceled)

44. A pharmaceutical composition comprising a peptide of
claim 29 and a pharmaceutically acceptable carrier.

45. A pharmaceutical composition comprising a poly-
nucleotide according to claim 39 and a pharmaceutically
acceptable carrier.

46. (canceled)

47. A vaccine against Aspergillus infection comprising a
peptide according to claim 29.

48. (canceled)

49. A method of combating Aspergillus infection in a
patient or a method of combating allergy to Aspergillus, the
method comprising administering to the patient an effective
amount of a peptide according to claim 29 wherein the
amount of said peptide is effective to provoke an anti-As-
pergillus response in said patient.

50-51. (canceled)

52. Anantigen presenting cell which is presenting a peptide
according to claim 29.

53. (canceled)

54. A vaccine against Aspergillus infection comprising an
antigen presenting cell according to claim 52.

55. (canceled)

56. A method for combating Aspergillus infection in a
patient, the method comprising administering to the patient
an effective amount of an antigen presenting cell according to
claim 52 wherein the amount of said antigen presenting cell
which is presenting said peptide is effective to provoke an
anti-Aspergillus response in said patient.

57. A method of combating Aspergillus infection in a
patient, the method comprising the steps of (1) obtaining
antigen presenting cells; (2) exposing said antigen presenting
cells with a peptide according claim 29 ex vivo; and (3)
reintroducing the so treated cells into the patient.

58. A pharmaceutical composition comprising a dendritic
cell obtainable in step (2) of claim 57 and a pharmaceutically
acceptable carrier.

59-61. (canceled)

62. A method of combating Aspergillus infection accord-
ing to claim 18 wherein the patient is receiving allogeneic
stem cell transplantation.

63-64. (canceled)

65. An antibody which selectively recognises the peptide
FHTYTIDWTKDAVTW when presented by Class II HLA-
DRB1*04.

66-67. (canceled)

68. A method of combating Aspergillus infection, or for
combating allergy to Aspergillus, in a patient, the method
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comprising administering to the patient a therapeutically
effective amount of an antibody according to claim 65, pref-
erably wherein the recipient is one who carries Class IT HLA-
DRBI1*#04.

69. A method of determining whether an individual is
infected with Aspergillus, the method comprising determin-
ing whether an individual contains Aspergillus-specific T
cells as defined in claim 13, preferably wherein the individual
is one who carries Class [l HLA-DRB1*04.

70. A method of determining whether an individual is
infected with Aspergillus, the method comprising using a
TCR according to claim 14, preferably wherein the individual
is one who carries Class [l HLA-DRB1*04.

71. (canceled)

72. A T-cell receptor (TCR) which detects Aspergillus
infection, the TCR being obtainable from the Aspergillus-
specific T cells of claim 13, or a functionally equivalent
molecule to the TCR, wherein the TCR, or a functionally
equivalent molecule to the TCR, recognises human class 11
MHC molecules expressed on the surface of an antigen-
presenting cell and loaded with the peptide.

73. A method of combating Aspergillus infection in a
patient or of combating allergy to Aspergillus in a patient the
method comprising administering to the patient an effective
number of Aspergillus-specific T cells as defined in claim 13.

74. A method of combating Aspergillus infection in a
patient or of combating allergy to Aspergillus in a patient the
method comprising administering to the patient an effective
population of T cells which has been activated using the
peptide as defined in claim 12.

75. A pharmaceutical composition comprising Aspergil-
lus-specific T cells as defined in claim 13 and a pharmaceu-
tically acceptable carrier.

76. A method of combating Aspergillus infection in a
patient or of combating allergy to Aspergillus in a patient the
method comprising administering to the patient an effective
number of T cells which comprise a polynucleotide which
expresses the TCR of claim 14.

77. A polynucleotide encoding a polypeptide according to
claim 36.

78. A pharmaceutical composition comprising a polypep-
tide according to claim 36 and a pharmaceutically acceptable
carrier.

79. A pharmaceutical composition comprising a poly-
nucleotide according to claim 77 and a pharmaceutically
acceptable carrier.

80. A vaccine against Aspergillus infection comprising a
polypeptide according to claim 36.

81. A vaccine against Aspergillus infection comprising a
polynucleotide according to claim 39.

82. A vaccine against Aspergillus infection comprising a
polynucleotide according to claim 77.

83. A method of combating Aspergilius infection in a
patient or a method of combating allergy to Aspergillus, the
method comprising administering to the patient an effective
amount of a polypeptide according to claim 36 wherein the
amount of said polypeptide is effective to provoke an anti-
Aspergillus response in said patient.

84. A method of combating Aspergillus infection in a
patient or a method of combating allergy to Aspergillus, the
method comprising administering to the patient an effective
amount of a polynucleotide according to claim 39 wherein the
amount of said polynucleotide is effective to provoke an
anti-Aspergillus response in said patient.
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85. A method of combating Aspergillus infection in a
patient or a method of combating allergy to Aspergillus, the
method comprising administering to the patient an effective
amount ofa polynucleotide according to claim 77 wherein the
amount of said polynucleotide is effective to provoke an
anti-Aspergillus response in said patient.

86. An antigen presenting cell which is presenting a
polypeptide according to claim 36.

87. A vaccine against Aspergillus infection comprising an
antigen presenting cell according to claim 86.

88. A method for combating Aspergillus infection in a
patient, the method comprising administering to the patient
an effective amount of an antigen presenting cell according to
claim 86 wherein the amount of said antigen presenting cell
which is presenting said polypeptide is effective to provoke
an anti-Aspergillus response in said patient.

89. A method of combating Aspergillus infection in a
patient, the method comprising the steps of (1) obtaining
antigen presenting cells; (2) exposing said antigen presenting
cells with a polypeptide according claim 36 ex vivo; and (3)
reintroducing the so treated cells into the patient.

90. A method of combating Aspergillus infection in a
patient, the method comprising the steps of (1) obtaining
antigen presenting cells; (2) exposing said antigen presenting
cells with a polynucleotide according claim 39 ex vivo; and
(3) reintroducing the so treated cells into the patient.

Apr. 14,2011

91. A method of combating Aspergillus infection in a
patient, the method comprising the steps of (1) obtaining
antigen presenting cells (2) exposing said antigen presenting
cells with a polynucleotide according claim 77 ex vivo; and
(3) reintroducing the so treated cells into the patient.

92. A method of combating Aspergillus infection accord-
ing to claim 27 wherein the patient is receiving allogeneic
stem cell transplantation.

93. A method of combating Aspergillus infection accord-
ing to claim 28 wherein the patient is receiving allogeneic
stem cell transplantation.

94. A method of combating Aspergillus infection accord-
ing to claim 49 wherein the patient is receiving allogeneic
stem cell transplantation.

95. A method of combating Aspergillus infection accord-
ing to claim 56 wherein the patient is receiving allogeneic
stem cell transplantation.

96. A method of combating Aspergillus infection accord-
ing to claim 74 wherein the patient is receiving allogeneic
stem cell transplantation.

97. A method of combating Aspergillus infection accord-
ing to claim 76 wherein the patient is receiving allogeneic
stem cell transplantation.

98. A method of determining whether an individual is
infected with Aspergillus, the method comprising using a
TCR according to claim 72.
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