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- T-cell responses to allergens: epitope-
specificity and clinical relevance

R.J. Joost van Neerven, Christof Ebner, Hans Yssei, Martien L. Kapsenberg and

n type Lallergy there appears to be a
breakdown of tolerance to innocu-

ll ous proteins that is manifest by an
immune response that causes a di-

rect hypersensitivity reaction, local tissue
damage and even systemic responses. In
atopic patients, these symptoms are associ-
ated with high serum levels of aflergen-
specific IgE and eosinophilia, and are in-
duced by a spectrum of type 2 cytokines
produced by allergen-specific CD4* T cells.
Specific inactivation of these cells, or the in-
duction of T helper 1 (Th1} type cytokines,
might directly intetfere with the disease pro-
cess. Therefore, allergen-specific T cells are
obvious targets for intervention in atopic

Jonathan R. Lamb
Allergen-specific T cells play

an importanft rofe in the
pathophysiology of atopic alletgies.
Recently, cDNAs that encade many
important allergens have been
cloned and their amino acid
sequences deduced, thus allowing
the elucidation of the epitope-
specificity of allergen-specific
T cells. Here, Joust van Neerven
and colleagues discuss fhe resulls
of these studies, and the
implications for the development
of efficient strategies for specific
immunotherapy.

ing of several cDNAs that encode major al-
lergens has allowed the identification of T-
cell epitopes, as well as an estimation of
their relative impertance in inducing T-cell
activation. Epitope mapping studies using
long-term T-cell clones and lines, have
found that all allergens studied to date, i.e.
mite-, grass pollen-, tree pollen-, cat-, bee
venom-, and chicken-derived allergens (see
Table 1) contain multiple T-cell-activation-
inducing epitopes dispersed throughout the
molecyle™ 12417192 These epitopes are rec-
ognized by allergen-specific T cells isolated
both from atopic patients and from healthy,
nonatopic individuals»55, In addition, T-

disease and a detailed characterization of the
epitopes present on major allergens might lead to improved forms
of therapy, using either synthetic peptides or recombinant allergens.

T-cell responses to allergens

Many allergen-specific human CD4* T-cell clones have been shown
to resemble murine Th2 cells, producing large amounts of inter-
leukir: 4 (IL4) and IL-5, but littte or no IL-2 and interferon y {IFN-y}
upon activation'?, Th2-like cells have been identified in peripheral
bleod and lesions of atopic-dermatitis patients, in the nasal mucosa of
rhinitis patients, and in the bronchial alveolar lavage (BAL) fluid of
asthma patients: cbservations that highlight the involvement of Th2
cells in atopic diseases'*. Figure 1 gives a schematic representation
of the role of T cells in the allergic immune response,

Because activation of allergen-specific Th2-like cells seems to
be causally related to the pathophysialogy of allergic disease, infor-
mation about the precise proteins they recognize and their T-cell
epitopes is needed before allergen-derived synthetic peptides or
recombinant allergens can be considered for immunotherapy.

Major allergens contoin multiple T-cell epitapes

A Jarge proportion of allergen-specific T cells are specific for major
ailergens®19, i.e. prateins that are recognized by serum IgE of more
than 50% of allergic patients, and T-cell epitope mapping studies
have focused on these molecules. The recent cloning and sequenc-
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cell clones with distinct epitope specificities
for a given allergen can be isolated from a
single atopic donor®%1, This suggests that certain epitopes are rec-
ognized in the context of different major histocompatibility (MHC)
class II molecules™, and that certain HLA molecules present mul-
tiple allergen-derived epitopes to the immune system, Furthermaore,
epitopes might exist that can only be presented by a single HLA-
DR, DG or DP molecule.

Paolydlonal T-cell responses might give a better representation of
the diversity of T-cell responses o allergens than responses meas-
ured with T-cell clones because a bias towards certain T-cell clones
might be selected during the in vitro cloning procedure. As expected,
polyclonal allergen-specific T-cell lines have been shown to rec-
ognize a broader range of T-cell epitapes, with T-cell lines of some
atopic individuals recognizing up to six different epitopes within
the same allergen'™'2 Interestingly, when peripheral T cells
from large panels of patients are tested for reactivity with pep-

tides of major allergens, immunodominant regions can be
identifie4152-24282931

MHC class I} restriction and Tcell receptor usage of
allergensspecific CD4+ T cells

MHC restriction patterns of allergen-spacific human T cells appear
to be very diverse, as is T-cell epitope recognition. HLA-DRB1, HLA-
DRB3, HLA-DP and HLA-DQ restriction has been demonstrated
for several allergens®®1218192234-36, Gych diverse restriction patterns
suggest that there is only a weak or no correlation between HLA
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alleles and IgE responsiveness. Correlations between HLA and IgE
responsiveness have been described (see Table 2) but p-values and
relative risks appear to Be high only for the smallest allergens,
which presumably contain limited sets of T-cell epitopes owing to
their size’™*, [n addition, because allergenic extracts are generally
complex mixtures of many allergens, a correlation between HLA
and one of these allergens does not strongly affect IgE responsive-
ness to an allergen extract.

In some immunological diseases there is an cligoclonal expan-
sion of T cells that express a limited number of T-cell receptor (TCR)
variable (V)B-gene products*#*. If allergen-specific T cells with a
limited use of TCR V-gene products play a role in allergic responses,
the possibility exists for immunotherapy specifically targeted at the
TCR expressed on these cells. However, as expected from the HLA
restriction and epitope diversity, human allergen-specific T-cell
clones use a diverse set of T-cell receptor V@- and Vo-gene seg-
ments*03048, Although only a small number of T-cell clones have
been tested in these studies, no biased TCR V-gene product usage
could be demonstrated, thus complicating the issue of TCR-directed
intervention.

Conversely, the results of Mohapatra et al. suggest that the diver-
sity of the TCR Va- and joining (J)a-gene segment usage of Lol p 1-
specific T-cell clones appears to be limited®, whereas it was shown
in another study that T-cell responses to Der p could be inhibited by
TCR Vp-derived synthetic peptides: indicating that TCR usage by
allergen-specific T cells is restricted in some individuals®,

A recent study showed that polycional populations of T cells,
expressing almost the full range of TCR Va- and TCR V@3-gene
segments, are present in BAL fluid and peripheral blood of allergic-
asthma patients™. However, after exposure to allergens, an olig-
oclonal T-cell expansion could be observed in BAL fluid, but not in
the peripheral blood, suggesting that allergen-specific T cells are
expanded or recruited in Jung tissue after allergen exposure™,

TCR usage has also been employed to estimate the longevity of
allergen-specific T cells, Wedderburn et al. have reported that T-cell
clones with identical TCR V and ] regions can be isolated from the
same patients after an interval of six years®2. These findings are
consistent with data from Fbner et al., who reported that epitope-
specificity of Bet v 1-specific T cells from a birch-pollen-altergic
patient was unchanged when T cells were isolated from the same
patient after a two-year interval'.

Importance of Isoallergenic variation for the design of
immunotherapy
It is becoming increasingly clear that many isoaltergenic forms of
major allergens exist In nature®™. These isoallergens differ from one
ancther in one to several amino acids'®¥%, Some isoallergens
have a very high degree of identity with homologous allergens in
related species, which might explain the high degree of crossreac-
tivity at the IgE level, as well as at the T-cell level.

As a result of structural homology, major-allergen-specific T cells
might crossreact with allergens from different species within the
same genus, as shown for house dust mite Der f-specific T-cell
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Fig. |. The role of CD4* T cells in the allergic immune response. Upon
entry into the human body, the allergen is tnken up and processed by an
APC. The presented allergen-derived peptide is recognized by an allergen-
specific Th2-like cell that produces IL-4, IL-5 and IL-13, IL-4 and 1113
induce the isotype switch to IgE in B cells. IQE binds to the high affinity
Fce receptor on mast cells, which degrnulate upon Fee-receplor
crosslinking, resulting in the immediate TH1-type response. IL-5 produced
by the Th2-like cells plays a role in the differentiation and survival of
eosinophilic granulocytes, which are responsible for the late-phase
response {especially in allergic astiuna). Abbrevintions: APC, antigen-
presenting cell; EO, eosinophilic granulocyles; IL-4, interleukin 4; TCR,
T-cell receptor; Th2, T helper 2 cell.

clones and lines that crossreact with house dust mite Der p (Refs 7,
35). A similar phenomenon can be observed among grass pollen
group 1 allergen-specific T cells® and tree pollen group 1 allergen-
specific T cells {(5.H. Sparholt et al, unpublished} that crossreact
with group 1 allergens from different genera of grasses and trees.
At least a part of the latter crossreactivities must result from iso-
allergenic variation since some natural Bet v 1 or Phl p 1-specific
T-cell clonas were shown to crossreact with group 1 allergens from
other families, but did not react with recombinant Betv1orPhlp1,
reresenting singie isoforms.

The existence of many iscaflergens has several implications for
possible use of peptides in immunotherapy: T-cell epitopes identi-
fied by using T cells that react with recombinant allergens {and their
peptides) might represent only a proportion of the repertoire of
allergen-specific T cells present in the human body. Studies by
Ferreira et al® and by S.H. Sparholt et al. umpublished) clearly
show that mulliple iscallergens are involved in the sensitization to
Bet v 1, the major birch-pollen allergen. Some of the isoforms stud-
ied have complete T-cell-activation capacity, but fail to bind IgE in
oitro, and induce very weak skin prick tests™. Such isoforms can be
considered for immunotherapy, since they might be safer than natu-
ral extracts, owing to decreased IgE binding and the decreased risk
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for induction of anaphylactic reactions.
However, their potential use might k= lim-
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ited since not all T-cell specificities will be
present on these isoforms. :

Modulation of allergic responses
using synthetic peptides

In order to evaluate the potential of syn-
thetic peptides for immunotherapy, both in
vitro and in vivo experimental systems have
been used. Using these models, the ability of
allergen-derived synthetic peptides to in-
hibit cellular responses and humoral re-
sponses to allergens has been studied, pro-
viding evidence that allergen-specific
immune responses can be inhibited.

[t has been demonstrated that the incuba-
tion of human influenza-specific T-cell clones with supraoptimal
concentrations of influenza peptide in the absence of antigen-pre-
senting cells {APCs) resulted in a state of nonresponsiveness {or an-
ergy), during which no proliferative responses were observed — even
after subsequent stimulation of the cells with the same peptide in
the presence of APCs (Ref. 57).

More recently, using the same experimental conditions, it has
been shown that anergy can also be induced in allergen-specific Th2
clones following stimulation with allergen-derived peptides®0,
After initial activation, accompanied by the production of large
amounts of cytokines, incinding TL-4, IL-5, IL-13, granulocyte-
macrophage colony-stimulating factor (GM-CSF), and tumor nec-
r0sis factor a {TNF-u) (S. Fasler and H. Yssel, unpublished), Der p 1-
specific Th2 clones become untesponsive to Further stimulation
with Der p 1-pulsed APCs (Refs 58, 59). Interestingly, stimulation of
the anergic T-cell clones with a combination of phorbol ester and cal-

cium ionophore resulted in the production of normal levels of these

cytokines’®, suggesting that peptide-medizted nonresponsiveness
might result, in part, from impaired signalling through the TCR/CD3
complex, independent from the expression of this complex on the
surface of the cells™,

However, information about signalling pathways in human an-
ergic T cells is still limited. It has been reported that the anergic state
induced in mouse T-cell clones following stimulation with altered
peptides is characterized by a unique pattern of phosphorylation of
the TCR{ chain, as well as a failure of the protein kinase Zap-70 to
associate with this chain®. It has yet to be established whether simi-
lar observations can be made in peptide-mediated anergy induced

I in human T-cell clor.ss. Impurtantly, in contrast to Der p 1-specific

T-cell clones optimally stimulated with antigen-pulsed APCs, aner-
gic Th2 clones failed to give help to B cells for the synthesis of IgE.
even in the presence of exogenous IL-4 or IL-13, despite comparable
levels of expression of the costimulatary CD40 ligand on both active
and anergic T-cell populations™,

The activation of allergen specific T cells and immunoglobulin
synthesis in mice can also be inhibited /1 vivo by intra-nasal, oral or

subcutaneous administration of peptides®®-#. Naive mice that

were pretreated with the dominant peptide of Feld 1 or Der p 1 did |

not develop an immune response when challenged with native
Der p 1 or Fei d 1. In addition, ongping immune responses to native
Der p 1 and Fel d 1 could be substantially downregulated by pep-
tide treatment. This could also be achieved using minor epitopes of
Der p 1 that are recognized when mice are immunized with these

peptides but not when they are immunized with whole protein®.

It should be noted that administration of peptides results in inhi- ;

bition of responses to the entire allergen, indicating that not all

allergen-derived T-cell epitopes have to be present to obtain in wive |

tolerance to aliergens.

Can synthetic peptides of allergens be used for
immunotherapy?

Allergen extracts have been extensively characterizad and standard- |

ized over the past decades, however, allergen immunotherapy has
hardly changed since its intruduction by Noon in 1911 (Ref. 63).
During immunotherapy, gradually increasing doses of complete
allergen extract are injected, resulting in a reduction of clinical
symptoms of allergy. T cells are believed to be the target cells that
are affected by successful immunotherapy but there is no obvious
evidence concerning the mechanism (see Fig. 2).

As a result of the abundance of human T-cell-activation epitopes
on allergens {see Table 1), and the problems posed by the accurrence
of isoallergenic variation, it is clear that immunotherapy might

have an optimal efficacy when natural allergen extracts, and ot .

peptides or recombinant allergens, are used. Cross-epitope inhibi-

tion can be demonstrated in expetimental models®®, although as |

yet, there is no evidence in hurans to support the contention that

vaccination with a single peptice will downregulate the response to

an intact protein.

However, adverse reactioss occur occasionally during specific
immunotherapy with native zllergens as a resuit of binding of in-
jected allergens to allergen-specific IgE bound to mast cells, This
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Fig. 2. Factors and ceils involved in the generation of Th2, Th? and Thi responses. APC-derived
fuctors, T-cell derived cytokines, APC type, and the dose and administration route of allergens can
strongly influence the outcome of an ailergen-specific T-cell response. During natural sensitization,
low doses of allergens are absorbed in the airiay mucosa, leading to Th2-type responses in atopic
individuals. During specific immunotherapy, high doses of allergens are injected subcufaneously
over 35 years, resulting in a bias for the production of Thl-type cytokines’73. Several novel im-
munotherapy strategies are under development that might specifically interfere with the outcome of
allergen-specific T-cell responses. The use of particulate antigens (to select for IL-12-producing
professionzl APCs), naked DNA wvaccination (fo induce IFN-yproducing HLA class Irestricted
T cells), Thi-bissing adjuvantin, and high doses of peptides (high dose without IgE related side-
effects) or recombinant allergens (easier to standardize than complex allergen extracts) might result
in a bias for the production of Thi-type cyfokines. However, oral, nasal, or sublingual delivery of
allergens, and high doses of peptides might directly induce tolerance in allergen-specific Th2-Tike
cells. Abbreviations: APC, antigen-presenting cell; IFN-y, interferon vy, IL-10, inferlaukin 10;
PGE,, prostaglandin E;; Til, T helper 1 cell.

kines takes place in successful immunother-
apy”*7; this might result from the activation
of IFN-y-producing, allergen-specific CD8*
or TCRy5* cells that inhibit IgE synthesis, as
described in animal models™7, If this turns
out to be the mechanism underlying suc-
cessful immunotherapy, careful selection and
combination of peptides of several major al-
lergens might be the most crucial step in de-
signing peptide therapies. However, the
high degree of isoallergenic variation of
some allergens, such as tree pollen and grass
allergens might favour approaches that are
based on the use of natural allergenic extracts
that are degraded to peptides™, or on the
use of recombinant T-cell epitopes that do
not bind IgE, as described by Rogers et al.'8,

Another strategy for optimizing allergy
immunotherapy is directed at finding ways
to change the cytokine profiles of allergen-
specific CD4* T cells. The crudest method
would be to co-inject a protein extract (e.g.
purified protein derivative), cytokine (IL-12,
[FN-v), or an IL-12-inducing factor, in com-
bination witk atlergen extracts in order to
shift the T-cell response towards a Th1 spec-
trum. T cells that maturate in this artificially
created microenvironment will preferen-
tially become T cells with a ThO- or Thl-type
cytokine profiie. Alternatively, other ap-
proaches might be aimed at inserting aller~
gens in attenuated live, bacterial or viral
vectors, that themselves evoke strong Thil-
type responses. In addition, studies on the
role of APCs in the generation of Th2 vs.

can be avoided if allergen-derived synthetic peptides are used in-
stead of whole allergen extracts. Binding of allergen-specific IgE to
allergen-derived peptides is strongly reduced®, whereas the desired
effects on T cells are unaltered. Therefare, the safety of immunother-
apy can increase when peptides or low IgE-binding recombinant al-
lergens are used. The answers to these problems will have to await
results of clinical trials with peptides or recombinant allergens. So
far, a trial with bee venom phospholipase A-derived peptides has
shown good. clinical-efficacy with no adverse reactions®, and an-
other trial using Fel d 1-detived peptides is currently under way®,

An important question that these clinical studies will have to an-
swer is whether the inhibition of immune responses ta major aller-
gents will be sufficient to silence allergic responses to other j yins
present in the allergen extract, or whether the specificity of the al-
lergic response will shift to minor allergens that can also be recog-
nized by T cells™*#, This might be expected fram the work of
Gammon ef al. who showed that T cells with specificities for minor
epitopes of antigens can escape tolerance induction™, Several stud-
ies have indicated that a shift in the production of Th2 to Th1 cyta-

99 6

Vollly Nn§.||

NOVEMBER I

£30

Th1-type responses by the production of soluble mediators such as
prostaglandin E, or IL.-12, respectively, might yield information on
the underlying mechanism of the in vivo outgrowth of T cells with
biased cytokine production profiles™.

Concluding remarks

The increasing knowledge of the role of the immune system in the
pathophysiology of atopic disease has revealed new possibilities
for designing immunotherapeutic approaches. The future course of
specific immunotherapy as tr2atment for allergic diseases will to a
large extent be dependent on the results of clinical trials that use
synthetic peptides, recombinant allergens, degraded allergenic ex-
tracts, or modified allergens that selectively tolerize Th2-type or
activate ThO-type or Th1-type responses to allergens.
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Mannose-binding lectin: the
pluripotent molecule of the innate
Immune system

wenty-one years ago a short

report describing the affinity

chromatography of human

liver o-b-mannosidase ended
with the prophetic sentence, The presence
of lectin-like proteins specific for mannose
in mammalian cells is a possibility remain-
ing to be investigated™. Three years later
such a protein was isolated from a prepar-
ation of rabbit liver cytosol? and proteins able
to bind mannose-terminated glycoproteins
were subsequently identified in human,
rvabbit, bovine, rat and mouse sera (re-
viewed in Ref. 3). These proteins have been
named mannose-binding protein, mannan-

Malcolm W. Turner

Muonnese-binding lectin {MBL} is a
versatile macromolecule, embodying
functional characteristics of IgM,
IgG and Clq. It might be
particularly important in the early
stages of a primary infection and
during the window of vuinerability
experienced by all infants following
the decay of maternal antibody.
Here, Malcolm Turner reviews
recent studies of MBL which
stiggest the need to reconsider tie
importance of this protein in the

innate innnune system.

innate immune system**7, In man the pro-
teins of this family are encoded by a duster
of genes located on the long arm of chromo-
some 10; there is a single MBL gene (closest
to the centromere) and genes for three lung
surfactant proteins SP-I), SP-A1 and SP-A2.
By contrast, there are two structurally and
functionally distine MBL proteins in rats
and mice, and the intron-exon gene organi-
zation of these MBL variants has recently
been described®. The Clq subcomponent of
C1 is structurally related to the collectin
family but does not passess lectin domains
or exhibit sugar-binding activity.

binding protein and core-specific lectin but here will be referred to
as mannose-binding lectin (MBL) (see Box 1),

MBL is & member of the collectin famiiy of proteins which are
chutacterized by the presence of boti. a collagenaus regionand a lectin
domain and are now believed to be important constituents of the
Copyrigh. @ 1996 Elsev.r Stence Lid Al nghis reserved. Q167569996151 5.00
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Structureliunction correlates in MBL

The exan structure of the human MBL gene can be correlated

with distinctive properties in the expressed protein (see Fig. 1). The

structure of the carbohydrate recognition domain (CRD) of rat

MBL is known in detail'"*? and the crystal structure of an entire
Fll: S0157-5659(96)10062-1




