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CD4" T cell epitope identification: applications to allergy
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Allergy as an immunological disease

Type I hypersensitivity, or [gE-mediated allergic reaction, is the
result of cross-linking Fc receptor-bound IgE on the surface of
mast cells. Cross-linked IgE signals the release of mediators that
result in the clinical manifestations of what is termed an allergic
reaction: rhinitis, urticaria, conjunctivitis, bronchospasm, diar-
rhea, vomiting and hypotension. Mast cells themselves do not
generate IgE antibody. IgE is produced by antigen-specific
B cells activated by CD4" T helper cells in the presence of the
cytokines IL-4 and/or IL-13 [1,2]. Signalling via IL-4 and/or
IL-13 promotes immunoglobulin isotype switching, a process
where the antibody specificity remains the same, but the isotype
of the antibody is changed via DNA-level recombination.
Switching to IgE is often achieved in a step-wise process via
first switching to IgG4 in humans, and IgG1 in mice. Often,
IgG4 and IgGl isotypes will be followed as surrogate markers
for allergic antibodies.

Activation of antigen-specific B cells to switch isotypes is
mediated by CD4" helper T cells [3]. CD4 T cells with a specifi-
city for the same antigen as specific B cells will form a cognate
interaction with a B cell once the B cell has processed and
presented a fragment of the antigen via its MHC (or HLA)
class II molecules. T cells only recognize small linear peptides
released from antigen and presented in the cleft of the class 11
molecule. The initial activation of CD4" T cells occurs when a
specialized antigen presentation cell, the dendritic cell, pro-
cesses and presents peptide fragments to naive T cells [4-6].

Itis useful to think of allergy as a subset of immunity with two
distinct phases: the sensitization phase where the initial CD4™
T cell activation occurs, triggering a process that drives the
downstream events described above. The second phase is the
more recognizable, distinctly ‘allergic’ phase, where an encoun-
ter with the protein immunogen triggers mediator release (e.g.
histamine) from the previously IgE-loaded mast cells.

Th2 cells and IgE-mediated allergic responses

The immune response that must occur in order to precipitate an
IgE-mediated type I allergic response requires CD4% T cells
capable of secreting IL-4 or IL-13[7]. T cells capable of inducing
an allergic response by means of their cytokine expression are
called Th2 cells. These cells differentiate from uncommitted
precursors, and understanding the signals that control the dif-
ferentiation of Th2 as opposed to Thl or T regulatory cells are
an area of intense study and controversy. It is clear that
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activation of CD4™" T cells in the presence of IL-4 will induce
differentiation to Th2-type cells and that the presence of 1L-12
will suppress Th2 development. However, a number of other
factors are likely to contribute in a non-exclusive manner: (1) the
state of maturation of the antigen-presenting dendritic cell;
(2) the costimulatory molecules and receptors present, that
may depend on the maturation state of the dendritic cell [8, 9];
(3) the level of antigen and the extent of TCR engagement [10];
(4) the type of adjuvant used, including proteolytic activity of
the protein immunogen itself [11]; and (5) the microenviron-
ment in which the activation event takes place [12-14]. Add-
itional factors are likely to contribute to the development of
food allergies where the allergen itself must be capable of with-
standing the conditions of the digestive tract in order to induce
an immune response in the gut [15].

The increasing prevalence of allergic disease

Over the past 30 years, the prevalence of allergic diseases has
markedly increased. The increase seems to be independent of
improved diagnosis. The cause is not likely to be the fixation of
susceptible alleles in the population as this has occurred within
about one generation, although genetic associations have been
detected between allergy and the presence of certain disease-
modifying alleles [16]. Factors associated with the increase in
allergic disease include childhood vaccination and the concomi-
tant loss of infections early in life, and the lack of exposure to
bacterial endotoxin commonly associated with rural living
conditions (the Hygiene Hypothesis [17-19]). Increasing predis-
position to develop allergies could be due to either the establish-
ment of a Th2-preferred microenvironment on the organismal
level, or the loss of the induction of T regulatory cells primed to
blunt allergic-type responses [18, 20].

The ‘Hygiene Hypothesis’ is based on correlative observa-
tions in human populations, where the testing of mechanisms is
not possible. A molecular mechanism has been suggested by
genetic analysis of mouse strains that display a marked bias
towards Th1- or Th2-type antigen responses. The mouse homo-
logue (TIM-1) for the human hepatitis A virus receptor (HAV
receptor) was shown to be a genetic marker for predisposition
for Th2-type responses [16], and mouse strains that are known
to be prone to develop Th2-type responses carry Tim 1 alleles
that contain polymorphisms in contrast to the 7im I genes in
Th2-resistant mice. In humans, there is an inverse correlation
between hepatitis A infection and the development of allergy,
suggesting that signalling via the HAV receptor can influence an
individual’s predisposition to develop an allergic response
during a subsequent immunological encounter with an allergen.
Similar mechanisms may be revealed in the case of endotoxin
exposure, where early exposure to endotoxins and signalling via
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Toll-Like receptors (TLRs) may influence the phenotype of
subsequent Th responses.

The increasing prevalence of allergic disease indicates that
there is an immediate need both to focus on the effective treat-
ment of pre-existing allergies, and to prevent the introduction of
new protein allergens by assessing the potential allergenic
impact of any changes in the exposure rate of the population
to either new or modified proteins. These issues define two
distinct subsets of the general population: those who have en-
countered an immunogenic protein in a manner that has
resulted in the establishment of an allergic-type immune re-
sponse, and those who are immunologically naive to the puta-
tive protein immunogen. Immunologic intervention in these
two populations will be distinct: the pre-exposed individual
will need treatment to either limit or obviate an established
immune response, while the unexposed individual must be pro-
tected from becoming sensitized.

Identification of T cell epitopes in allergens: pre-existing
allergy applications

Allergic responses are initiated and prolonged by CD4™ T cells.
The only effective therapeutic intervention for allergy is specific
immunotherapy (SIT), where an allergic individual is repeat-
edly injected with increasing doses of allergen extract. Over
time, the individual becomes less reactive to the allergen. The
mechanism is unclear, but may be due to CD4* T cell tolerance
induction or to immune deviation away from an allergic-type
response. This therapy has been proven to be effective in many
but not all individuals. Non-responsiveness may be due to a
number of factors, one of which could be the dose-limiting
toxicity of inducing a deleterious allergic response. In addition,
allergen preparations are poorly standardized. The need for a
rigorously controlled product that can be administered in a
wider dose range has driven the development of the following
therapies.

Peptide immunotherapy

Peptide immunotherapy reduces the allergen to its component
CD4" T cell epitopes. Peptides are administered in order to
induce antigen-specific CD4™ T cell tolerance. Because the pep-
tides cannot cross-link IgE, they represent a safer therapy for
SIT than intact allergens [21]. This method has been shown to
be effective in animal models, and there are some promising
early results in humans [22, 23]. As this method relies on HLA
binding peptides, it is important to verify the population-based
immunodominant peptides for each ethnic group under consid-
eration [24]. The mechanism of action of peptide immunother-
apy remains unresolved but may include the induction of anergy
[25,26], or the induction of antigen-specific T regulatory cells
mediating their effect via IL-10 [27].

Protein-based immunotherapy

Another method to improve the safety and efficacy of SIT is the
construction of largely intact recombinant allergens modified to
reduce IgE binding, but with all potential T cell epitopes intact.

Alternately, naturally occurring allergen variants can be
selected which contain cross-reactive T cell epitopes but no
IgE binding sites [28, 29]. Recombinant IgE binding site modi-
fied allergen molecules have been shown to induce tolerance in
animal models [30, 31], and while the mechanism of tolerance
induction is unknown, it may reflect the up-regulation of aller-
gen-specific IgG, the activation of antigen-specific regulatory
T cells, or perhaps via the recruitment of inappropriate antigen-
presenting cells [32].

Methods for inducing allergen nonresponsiveness that in-
volve peptides or IgE binding site-modified proteins require
the identification of individual allergens for inclusion in a ther-
apy regimen on a per patient basis. Most individuals with
allergies are responsive to many different proteins, due to ex-
posure to a mixture of proteins (such as those present in a pollen
grain) or to the individual’s predisposed nature. Either way, a
cocktail approach would need to be considered for either of
these two applications to become universally effective.

Both methods depend on the identification of T cell epitopes
in the proteins of interest, either to excise them for use in peptide
immunotherapy, or to avoid modifying them during the cre-
ation of recombinant IgE binding site-modified proteins.

Identification of T cell epitopes in allergens: prevention
of sensitization

Protein therapeutics

The creation of recombinant proteins that do not initiate an
immune reaction is of immediate concern to the development of
protein therapeutics. Severe consequences of immune acti-
vation have been reported for protein therapeutics, for example
pure red cell aplasia as a consequence of recombinant human
erythropoietin administration [33]. This induction of autoanti-
bodies to a normal human protein is a serious limitation of
protein therapy, as the therapeutic cannot be ‘discontinued’.

The bacterial protein staphylokinase represents another im-
portant example. This molecule is effective in dissolving blood
clots during myocardial infarctions [34], yet its therapeutic use
is limited by the molecule’s ability to induce antigen-specific
IgG that neutralizes the effectiveness of the therapy. The IgG
binding sites in the molecule were defined and modified in an
elegant series of experiments [35-40], but after testing human
subjects with the sequence modified, PEG-ylated protein, the
molecule was still deemed too immunogenic for repeat dosing.
Recently, a number of CD4* T cell epitopes have been identified
in staphylokinase, and T cell epitope modified variants have
been created that reduce proliferation by epitope-specific T cell
clones [41,42]. Finally, therapeutic antibodies derived from
mice have a well-characterized propensity for inducing human
anti-mouse antibodies. This has been addressed by ‘humaniz-
ing’ the antibodies, creating chimeric human/mouse molecules,
or by constructing fully human antibodies [43-46]. All of these
methods of reducing the immunogenicity of antibody thera-
peutics have shown some level of success [47, 48].

Transgenic foods

Transgenic foods hold the promise of increased nutrition, im-
proved disease and pesticide resistance, and improved econom-
ics (shelf life, handling). However, the introduction of novel or
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‘rare’ proteins into the food chain is a cause of concern. The
appearance of a new protein in food, or an increase in the level
of a food protein, may be a trigger for food allergy in a suscep-
tible individual. For example, the 2S storage globulin found in
Brazil nuts, a known food allergen [49], has been found to
contain a number of prominent CD4" T cell epitopes [50].
Brazil nuts are consumed frequently in the United States, al-
though not nearly as often as other sensitizing nuts such as
peanuts. Ber e 1, the 2S storage globulin in Brazil nut is a very
nutritious protein. Based on this property it was incorporated
into soybeans as a way to improve the food value. Unfortu-
nately, the Ber e 1 product in transgenic soy was recognized by
antibodies from serum of Brazil nut-allergic individuals [51].
This example serves as a reminder to the scientific community
that the introduction of novel proteins, or the introduction of
potentially allergenic proteins into sources where they are not
anticipated could be problematic [52]. There has been focus on
methods to identify potential food allergens, via sequence hom-
ology with known allergens, as well as their digestibility and
acid-stability [15, 53, 54]. These methods are used to identify
potential transgenes that encode proteins with significant se-
quence homology and antibody cross-reactivity to known food
allergens that should not be developed in order to protect the
pre-exposed segment of the population. However, for the intro-
duction of unique proteins, modified proteins generally
regarded as safe, or proteins that have not imprinted themselves
on the immune system of the general public, the primary con-
cern is to identify which of these proteins could induce de novo
an inappropriate Th2-type of immune response, a response
dependent on the presence of CD4" T cell epitopes.

Methods for identifying T cell epitopes in proteins

Predictive methods

Three methods are used to predict T cell epitopes from the
primary sequence of proteins: (1) Motif-based predictive
algorithms based on peptide binding signatures for HLA
alleles derived from experimental data (for example [55]);
(2) statistical-derived methods including quantitative matrix
and neural network modelling [56]; and (3) structure-based
methods where binding of peptides to HLA are modelled
using 3-dimensional crystallographic tools. Combinations of
these methods are often used and have shown themselves to
be quite accurate for the prediction of HLA class I-binding
epitopes. In order to apply these methods to the selection of
epitopes for more than an individual HLA allele, the motifs,
algorithms or matrix data must be compiled. The computing
power needed for analysis of the multiple HLA class IT alleles
commonly found in the human population can be prohibitive as
there are many HLA class II alleles (Fig. 1). In addition, the
rigorousness of these methods depends on the accuracy and
availability of experimental data [57].

The binding of peptide epitopes to HLA molecules is defined
by the specific sequence of the peptide and its structural comple-
mentarity to the configuration of the peptide-binding cleft. In
contrast to HLA class I, HLA class II rules are difficult to
rigorously define as there is significant degeneracy in the speci-
ficity of peptide binding to HLA-DR alleles, and particular
peptide sequences can promiscuously bind to multiple HLA-
DR alleles [58, 59]. To address this issue within the context of
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Fig. 1. HLA class Il alleles. The alpha and beta chain polymorphisms for
HLA-DP, HLA-DQ and HLA-DR are enumerated.

creating a predictive algorithm, Sturinolo et al. [60] analysed
binding of peptides to multiple HLA-DR alleles and devised a
method that predicts peptide binding based on the specificity of
binding within a family of 35 pocket profiles which define
peptide binding to (almost all) HLA-DR specificities. The
resulting computer-based program, TEPITOPE, is widely util-
ized to predict promiscuously binding T cell epitopes in proteins
for the development of vaccines [61-63].

The weakness of all computer-based methods lies in their
reliance on HLA-DR. Other HLA class II molecules including
HLA-DQ and HLA-DP proteins are expressed at lower levels
on the surface of antigen-presenting cells [64] but CD4™ T cell
responses to these proteins can be easily detected [65]. HLA-DQ
is becoming an increasingly important molecule in the restric-
tion of allergic and pathological responses [66, 67], yet com-
puter algorithms contain little motif data. This is due to the
demonstrated lack of specific binding motifs for some HLA-DQ
molecules [68], their relatively high degree of promiscuity [69],
and their capacity to form allelic heterodimers that create new
peptide specificities. There exists even less motif or matrix data
for HLA-DP, the most conserved class II molecule expressed
[70].

Additional defects with predictive models include the
following: binding to class II molecules is a good indicator of
epitope status, but does not completely correlate with CD4™"
T cell activation [71, 72]. Contribution of flanking residues to
T cell activation has been demonstrated [73,74], but is not
accounted for in predictive models. Finally, all of the described
predictive methods are useful for selecting subsets of the total
number of peptides described by each protein sequence for
subsequent in vitro screening. False negatives are clearly a sig-
nificant problem when a protein contains prominent HLA-DQ
or HLA-DP restricted epitopes, but they can also result from
the presence of poorly binding yet immunogenic peptide epi-
topes. False positives occur often but can be removed from
consideration by additional screening. False negatives, how-
ever, cannot be addressed unless the entire protein is screened.
Additional in vitro screening usually consists of peptide binding
(competition) assays with purified HLA molecules and in vitro
proliferative assays using antigen-specific T cells. Antigen-
specific T cells are obtained either from sensitized donors or
are expanded from unexposed donors by multiple rounds of
re-stimulation. Both of these methods of validating predicted
epitopes have their inherent problems, but the lack of significant
numbers of sensitized donors to the protein of interest is
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potentially the most problematic issue. Testing peptides with
cells from a sensitized donor reveals not only that a peptide
represents an epitope recognized by memory T cells, but also
shows that the particular epitope is processed and presented
from the protein in vivo.

In vitro methods for epitope identification and
validation

The activation of individual CD4" T helper cells is highly
complex, involving the colocalization of a number of signalling
molecules and adhesion molecules and their reorganization into
an immune synapse. Downstream signalling complexity stems
from the initial antigen-specific interaction and while the tri-
molecular complex of HLA, peptide and TCR is required for
antigen-specific signalling to occur, a number of other variables
including the quality of the synapse and the microenvironmen-
tal milieu control the outcome of cellular signalling. To be
assured that a given peptide/HLA complex can induce signal-
ling leading to a cellular activation event, in vitro validation with
human CD4" T cells is necessary.

The validation of predicted CD4" T cell epitope peptides
involves using cells from sensitized donors to determine whether
a previously exposed donor has mounted a response to that
particular peptide [75]. Most protocols involve testing synthetic
peptides or fragments of the proteins of interest generated by
enzymatic or chemical treatment. PBMC from sensitized
human donors are cultured in vitro with the peptides or protein
fragments, and a response is quantified by any number of means
including proliferation or cytokine secretion. A limitation of
this method is that it does not reveal whether the epitope peptide
is capable of inducing a primary response in an unexposed
donor. Epitope peptides recognized by memory and naive
CD4" T cells can be distinct [76,77] as has been shown for
T cell clones isolated from multiple sclerosis patients bearing a
response to myelin basic protein (MBP) [76]. CD4™ T cell clones
responded to distinct peptides based on whether they were
derived from CD45RA™ (naive) or the CD45RO™ (memory)
subset. This could be a consequence of ‘epitope-spreading’
which has been widely characterized in autoimmune diseases,
and recently in cancer immunotherapy [78]. The mechanism of
intramolecular epitope spreading is unknown, but the specifi-
city-broadening effects of CTLA-4 on T cell immune responses
[79, 80] have been shown to both positively and negatively affect
epitope spreading in various mouse models of autoimmunity
[81,82].

The selection of food transgenes and the creation of hypoal-
lergenic proteins requires the identification of a subset of CD4™"
T cell epitopes capable of initiating an immune cascade
resulting in diverse memory responses and epitope spreading.
These represent a subset of the total number of epitope re-
sponses recorded when testing unseparated CD4" T cells from
sensitized donors in vitro. Thus proper determination of these
epitopes requires testing donors unexposed to the protein in
question. Further, to determine the dominant responses in a
population a large diverse set of unexposed donors must be
tested from which to define HLA-associated vs. promiscuous
binding status.

Bearing in mind the limitations of predictive algorithms, the
need to identify immunodominant epitopes on a population

basis, and in the absence of significant numbers of individuals
presensitized to many proteins of interest, the i-mune® assay
was developed [83].

The i-mune assay for epitope identification

The i-mune assay is conceptually similar to methods described
for validating predicted epitopes using sensitized donors [83]
(Fig. 2). However, critical differences make the i-mune assay
unique. First, community donors selected randomly from local
blood donation centres provide the source of PBMC. Blood
donors in the United States are pre-selected using a self-
reporting system that asks the health status of each individual.
Donors who are at high risk for being exposed to hepatitis
viruses, HIV or CJD-associated prions are excluded, and the
genetics of the population is not statistically different from the
United States general population. This was verified by an an-
alysis of HLA-DR alleles in the donor population. Second,
dendritic cells are generated from each donor to use as auto-
logous antigen-presenting cells. Dendritic cells are the most
potent antigen-presenting cell type described, and are the only
cells capable of activating resting, naive CD4™ T cells [6, 84]. In
addition, the dendritic cells generated are assayed in serum-free
conditions, which reduces the level of background responses
and focuses the response on exogenously added peptides. Third,
CD4" T cells are enriched from the autologous donor for
inclusion in the assay in order to increase the probability of
assaying naive CD4" T cells that may be present at very low
precursor frequencies. Finally, arrays of peptides are assayed in
large donor sets to verify the immunodominance of particular
epitope peptide responses.

i-mune assay results are dependent on the immunological
status of the donor population. For example, where the donor
population is unexposed to the protein of interest, the i-mune
assay localizes immunodominant epitopes for the naive CD4"
T cell population as exemplified by the i-mune results for indus-
trial enzymes such as B. lentus subtilisin where the general
population is not commonly exposed. The donor pool appears
to be ‘unexposed’ to human-derived proteins that are not ubi-
quitously expressed and therefore do not induce central or
peripheral tolerance. Alternatively, when a significant number
of donors in the pool have been pre-exposed to the protein of
interest, the i-mune assay will identify promiscuous and HLA-
associated memory and naive epitopes. For most of the
common allergens, our donors represent both allergic and
non-allergic exposed donors. Interestingly, both allergic and
non-allergic exposed donors recognize the same T cell epitopes
[84]. The immunodominant priming epitope will be present in
the set of identified epitopes, but it may be indistinguishable
from the memory epitopes (see below).

Epitope identification: memory and primary responses

To test the predictive value of the i-mune assay, i-mune data
generated using community donors was compared to epitopes
described in verified protein-exposed donors (Fig. 3). Data for
two model proteins are shown. Responses to staphylokinase
accumulate in the population with age [41] so the donor popu-
lation tested likely contained individuals with memory
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The i-mune® Assay

1 Blood is drawn from
Community Donor.

2 Monocytes are
cultured with
GM-CSF and IL-4 to

create dendritic cells.; 25
w Y

D 4
Q’ 4 CD4* T cells are/' :
prepared throug

negativ-eselection
enrichment. g

5 Synthetic 15-mers,

overlapping by 12 aa,
are added to each well of a

96-well plate.

3 Dendritic cells
are activated
with IL-1 and TNF-o.

6 The dendritic cell . ;
presents the peptide h
on its cell surface:_/_ﬂt £

Fig. 2. The i-mune assay.

responses to this protein. The industrial enzyme B. lentus sub-
tilisin is rarely encountered outside of industrial settings, and
the general population is not detectably exposed (as an example,
[86]). To assay these proteins, synthetic 15-mer peptides offset
by three amino acids describing the entire sequence of the two
proteins were synthesized using Multi-Pin technology [87].

Memory responses in the donor pool

A total of 72 donors were tested with staphylokinase peptides.
Each donor’s response was tabulated. Five peptides induced
responses in a statistically significant number of donors:
amino acids 13-27, 58-75, 85-99 and 106-120. Statistical signifi-
cance was determined by defining a Poisson distribution around
the average background value, then testing the prominent epi-
tope responses for difference from the background. The back-
ground value was 6.22%. All epitope peptides described were
different from the background (P < 0.05). Two separate epitope
peptides were defined in the amino acids 58-75 region. These
data were concordant with published information [41,42].
Six largely overlapping epitope regions were described for

8 Newly activated
T cell responds
with T cell proliferation.;

The CD4* T cell
7 recognizes antigen
fragments bound
to the HLA on
the surface of
the dendritic cell.

staphylokinase using T cell clones isolated from PBMC of 10
healthy human donors. The i-mune assay localized epitope
peptides corresponding to all of the general regions (Fig. 3a).
The i-mune assay also localized an epitope peptide, amino acids
85-99, which was not detected using cloned human cells. This
peptide may not be processed from the protein, or may have
been missed in the cloned cell analysis due to the low number of
individuals tested. In fact, a significant association between
HLA-DR11(5) and this peptide was found, and only one
HLA-DR11(5)-carrying donor was tested in the published
study. In agreement with the published results, the responses
to most of the epitope peptides in the community donor data
were promiscuous, with the exception of peptide 58-75 where an
association with HLA-DR15(2) was evident.

Primary responses by the donor pool

A total of 65 community donors were tested with peptides
synthesized corresponding to the sequence of B. lentus subtili-
sin. This data was expanded from that reported in [83]. The
background response to this protein was much lower than the
background level found with staphylokinase: 3.45%, and only
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(@)

(A) SSSFDKGKYKKGDDASYFEPTGPYLMVNVTGVDSKGNELLSPHYVEFPIKPGTTLTKEKIEYYVEWALDATAYKEFRVVELDPSAKIEVTYYDKNKKKEETKSFPITEKGFVVPDLSEHIKNPGFNLITKVVIEKK

(B) SSSFDKGKYKKGDDASYFEPTGPYLMVNVTGVDSKGNELLSPHYVEFPIKPGTTLTKEKIEYYVEWALDATAYKEFRVVELDPSAKIEVTYYDKNKKKEETKSFPITEKGFVVPDLSEHIKNPGFNLITKVVIEKK

(b)

(A) AQSVPWGISRVQAPAAHNRGLTGSGVKVAVLDTGISTHPDLNIRGGASFVPGEPSTQDGNGHGTHVAGTIAALNNSIGVLGVAPSAELYAVKVLGASGSGSVSSIAQGLEWAGNNGMHVANLSLGSPSPSATLEQAVN

(B) AQSVPWGISRVQAPAAHNRGLTGSGVKVAVLDTGISTHPDLNIRGGASFVPGEPSTQDGNGHGTHVAGTIAALNNSIGVLGVAPSAELYAVKVLGASGSGSVSSIAQGLEWAGNNGMHVANLSLGSPSPSATLEQAVN

(A) SATSRGVLVVAASGNSGAGSISYPARYANAMAVGATDQNNNRASFSQYGAGLDIVAPGVNVQSTYPGSTYASLNGTSMATPHVAGAAALVKQKNPSWSNVQIRNHLKNTATSLGSTNLYGSGLVNAEAATR

(B) SATSRGVLVVAASGNSGAGSISYPARYANAMAVGATDQNNNRASFSQYGAGLDIVAPGVNVQSTYPGSTYASLNGTSMATPHVAGAAALVKQKNPSWSNVQIRNHLKNTATSLGSTNLYGSGLVNAEAATR

Fig. 3. (a) CD4" T cell epitopes identified by antigen-specific clones (A), or by the i- mune® assay (B), in Staphylokmase (SakSTAR). A. CD4™"

T cell epitopes in SakSTAR are reproduced from data presented by Warmerdam, et al. [41]. B. Thei-mune® assay was performed on 72 community
donors. The underlined epitope regions represent peptides that induced responses at a frequency that was statistically different (P < 0.05) from the
background rate. The background rate was calculated by averaging the responses to every peptide for the complete dataset. (b) CD4" T cell epitopes
identified using PBMC from seven B. lentus subtilisin SPT™ donors (A), or by the i-mune® assay (B). Line A is the continuous amino acid sequence of B.
lentus subtilisin (total of 269 amino acids). L|ne B is the continuous sequence of B.lentus subtilisin. A. Seven B.lentus subtilisin SPT™ donors were tested
for peptide-specific responses in the i- mune® assay. Underllned peptide sequences indicate where two or more donors responded with a stimulation
index of greater than or equal to 2.95. B. The i- mune® ’ assay was performed on 65 community donors. The underlined epitope region represents the
peptide that induced a response at a frequency that was statistically different (P < 0.001) from the background rate. Only one epitope was found. The
background rate was calculated by averaging the responses to every peptide for the complete dataset.

one significant epitope was found in B. lentus subtilisin at amino
acids number 160-174. In order to verify this result, a total of
seven SPT* donors were tested in the i-mune assay. The results
are shown in Fig. 3(b). Peptides that elicited proliferative re-
sponses with a stimulation index of 2.95 or greater in two or
more of the seven donors are indicated. The single epitope
recognized by the community donors is recognized by three of
the seven SPT" donors. All other underlined regions elicited
responses in two of seven donors. The epitope response in the
community donors was restricted to HLA-DR15(2). Interest-
ingly, both of the HLA-DR15(2) donors in the SPT* group also
responded to this epitope.

In the i-mune assay, staphylokinase demonstrates the behav-
iour of a protein that has induced a memory response in some
donors in that the overall background level responses to pep-
tides in this set are higher than they are for rarely encountered
industrial proteins. A pre-existing memory response to staphy-
lokinase accounts for finding the same epitope regions charac-
terized using the T cell clones. In contrast, the result with B.
lentus subtilisin peptides, derived from a protein not routinely
encountered by the donor population and where memory re-
sponses are rare, was that a subset of the epitopes is detected.
The subset of epitopes described when using presumably unex-
posed donors represents peptide epitopes likely to be capable of
inducing a primary response, and are therefore described as
immunodominant for the population tested.

i-mune assay: creation of reduced immunogenicity
protein variants

The i-mune assay has been applied to the design of reduced
immunogenicity protein moieties. In all cases, the biological
functions of the molecules remained intact. Single point muta-
tions were made in the identified epitopes of the proteins, and
the expressed molecules were tested in animal models. Animal

models were selected for their correspondence with the human
cell-based results. A number of mouse strains, both common
laboratory strains and human HLA class II transgenic strains,
were screened for epitope responses that aligned with the results
from the i-mune assay. In the selected mouse models, molecules
that were modified based on i-mune results were found to
induce less T cell proliferation and less IgG1 antibody than
the parent molecules. For a modified protease, a 2-5-fold in-
crease in the amount of protein needed to induce 50% maximum
response was measured, with a 10-fold reduction in peak IgG1
titres.

In addition to animal models, modified proteins were tested
for their ability to induce proliferation in cultures of unsepar-
ated human PBMC [41]. The modified protease described above
induced a reduced frequency and level of proliferation in these
cultures that was statistically significant (parametric two-tailed
Student’s ¢-test P =0.007).

Summary

The identification of T cell epitopes is a critical component of the
design and implementation of therapies for pre-existing allergy.
The identification of T cell epitopes in potential protein thera-
peutics and food transgenes can serve to guide the selection
or creation of hypo-immunogenic candidates. Computer-based
methods are useful, but have serious deficiencies, the most pro-
found being a lack of modelling for HLA-DQ and HLA-DP. All
computer-predicted epitopes must be validated in vitro by subse-
quent binding and activation assays. The i-mune assay represents
an alternative to computer-based models that entails no a priori
selection for HLA molecules via either a lack of predictive algo-
rithms or a lack of significant numbers of donors, limits the risk
of false negative results, and provides a wealth of functional
information for any protein of interest.

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 33:557-565
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