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EDITORIAL

Allergen isoforms for immunotherapy: diversity, degeneracy

and promiscuity

Specificity for antigen is the hallmark of adaptive immunity
and is conferred by cells of the lymphocyte lineage.
Aberrant immune responses lead to disease in an antigen-
specific fashion. In order to avoid the generalized immuno-
suppressive effects of treatments such as corticosteroids and
cyclosporin, efforts have been increasingly focused on
devising therapeutic strategies which are equal in specificity
to the disease-initiating event.

In the early 1980s Lamb and colleagues demonstrated the
induction of antigen-specific non-responsiveness following
challenge of purified T-cell clones with high doses of
specific peptide [1]. The concept of high dose peptide
antigen for immunotherapy is attractive, particularly in the
context of allergic diseases where conventional desensitiz-
ing therapy has been confounded by the presence of
anaphylactogenic immunoglobulin (Ig) E antibodies.

Peptide-induced tolerance has been demonstrated in a
number of animal models of disease such as experimental
autoimmune encephalomyelitis (EAE) [2,3], collagen-
induced arthritis [4,5], diabetes [6] and more recently, in
models of allergic disease. Briner and colleagues sensitized
mice to the cat allergen Fel d 1 and subsequently demon-
strated the ability of allergen-derived peptides to down-
regulate T-cell cytokine and antibody production [7]. Hoyne
and colleagues demonstrated the ability of peptides from the
house dust mite allergen Der p 2 to downregulate T-cell and
antibody responses to challenge with intact protein and also
to prevent sensitization by prior administration [8].

More recently, attempts have been made to translate
findings in animal systems into viable therapies for human
disease. Norman and colleagues evaluated the ability of two
peptides from Fel d 1 to downregulate allergic responses to
cat in 95 sensitized individuals in a double-blind placebo-
controlled trial [9]. Efficacy was demonstrated but fell
below expected levels resulting in cessation of the
programme.

More recently, the pendulum of future therapy for allergic
diseases has swung in favour of production of recombinant
allergens [10]. In particular, interest has focused on allergen
isoforms and their genetically modified counterparts [11—
14]. These molecules display reduced IgE binding whilst
retaining T-cell epitopes and thus hold promise for safe
desensitizing allergen immunotherapy. However, despite
the current interest in recombinant allergen and isoform-
based therapy, the immunology underlying responses to
these proteins, particularly within the context of natural
environmental exposure, is complex.
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In the current issue of the Journal, Wiirtzen and collea-
gues [15] have investigated the epitope specificity of T-cell
lines and clones reactive with the group 5 grass allergen of
Phleum pratense. Phl p 5 has two major isoforms which
share regions of profound sequence homology but also
differ considerably in some areas. Within the disparate
regions of the two isoforms, Wiirtzen and colleagues have
identified isoform-specific T-cell epitopes.

The significance of this finding should be placed in the
context of the large numbers of allergen proteins which have
multiple isoforms. These appear particularly to be derived
from plant species and are less common among animal
dander and mite allergens. The authors suggest that since
modulation of the specific T-cell response appears to be
pivotal in successful immunotherapy, recombinant and/or
isoform-based whole allergen immunotherapy will need to
take such diversity into account. Unlike animal models, the
human population is heterogeneous in terms of major
histocompatibility complex (MHC) expression. Since the
expressed MHC alleles dictate which sequences will be T-
cell epitopes, the numbers of potential epitopes within a
single allergen molecule is very large. Ultimately, the
numbers of isoforms required for a single therapeutic pre-
paration to be efficacious at the population level, may make
this approach impractical. The same argument is brought to
bear on the potential of allergen-derived peptide sequences
for therapy of allergic disease mediated by allergens with
multiple isoforms.

Whilst these arguments are compelling there are, at least
conceptually, counter-arguments which can be applied
based on some recent observations about the way in
which T-cell receptors and MHC molecules interact with
peptides and also the way in which tolerance induced by a
region of a molecule, can effect tolerance to the entire
molecule.

The binding of peptide sequences to MHC molecules is
dependent upon peptide sequence and charge, and the shape
of the peptide-binding groove. Individual MHC molecules
clearly have the capacity to bind large numbers of different
peptide sequences [16]. Equally, certain peptide sequences
have the capacity to bind almost universally to MHC
molecules [17]. It follows therefore that many antigen-
derived peptides recognized by T cells can bind to more
than one MHC molecule and are thus ‘promiscuous’ in this
regard.

Moreover, whilst some peptides bind promiscuously to
MHC molecules, it has been demonstrated that T-cell
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receptors are capable of recognizing a large number of
peptides in the context of multiple MHC molecules [18].
The T cell receptor may therefore be considered to be
‘degenerate’ in its recognition in this regard.

By measuring binding affinities in vitro, Sette and Sidney
have recently proposed the existence of MHC ‘supertypes’
which are groups of MHC molecules capable of binding
certain promiscuous peptides [19]. Thus peptides which
bind to HLA DRB1#0101 will often be capable of also
binding DRB1#0401 and 0701 [20]. Indeed data from our
own work with Fel d 1 has demonstrated the presence of
promiscuous Fel d 1 peptides together with degenerate T-
cell recognition of individual peptides in the context of more
than one MHC molecule [21].

From these observations we can deduce that in many
allergen sequences there will be peptides which will be
capable of binding to multiple MHC molecules and thus
being presented to the immune systems of a substantial
proportion of the population. Indeed, Sette and Sidney
identified peptides capable of binding to extended MHC
supertypes which would cover around 95% of the popula-
tion. Clearly, if these peptides are derived from regions of
homology between isoforms, the identification of isoform-
specific epitopes may present less of an obstacle to therapy.

In addition to the concepts of supertypes, promiscuity
and degeneracy in T-cell peptide interactions, Davies and
colleagues have described a phenomenon termed ‘linked
suppression’ [22]. Linked suppression is an elegant
immunological trick whereby non-responsiveness induced
to one epitope of a molecule can confer tolerance to the
whole molecule, providing the latter is subsequently pre-
sented to the relevant T cells on the same or adjacent
antigen-presenting cells. The phenomenon of linked sup-
pression has recently been demonstrated in murine
responses to house dust mite allergens by Hoyne and
colleagues [23]. Furthermore, in certain systems, particu-
larly those in which tolerance is maintained by regulatory T
cells, tolerance can be passed from one generation of
regulatory cell to the next, a process referred to as ‘infec-
tious tolerance’ [24]. The implication therefore is that
individual epitopes derived from conserved regions of an
allergen protein may be sufficient in number, and promis-
cuous enough in binding specificity, to confer tolerance to
the whole molecule (and related isoforms) in a large
percentage of the population. At least conceptually.

References

1 Lamb JR, Skidmore BJ, Green N, Chiller JM, Feldmann M.
Induction of tolerance in influenza virus-immune T lympho-
cyte clones with synthetic peptides of influenza hemagglutinin.
J Exp Med 1983; 157:1434—-47.

2 Clayton JP, Gammon GM, Ando DG, Kono DH, Hood L,

© 1999 Blackwell Science Ltd, Clinical and Experimental Allergy, 29, 1588-1590

10

11

12

14

15

16

Sercarz EE. Peptide-specific prevention of experimental aller-
gic encephalomyelitis. J Exp Med 1989; 169:1681-91.

Gaur A, Wiers B, Liu A, Rothbard J, Fathman GC. Ameliora-
tion of experimental autoimmune encephalomyelitis by myelin
basic protein synthetic peptide-induced anergy. Science 1992;
258:1491-4.

Ku G, Kronenberg M, Peacock DJ et al. Prevention of experi-
mental autoimmune arthritis with a peptide fragment of type II
collagen. Eur J Immunol 1993; 23:591-9.

Staines NA, Harper N, Ward FJ, Malmstrom V, Holmdahl R,
Bansal S. Mucosal tolerance and suppression of collagen-
induced arthritis (CIA) induced by nasal inhalation of synthetic
peptide 184198 of bovine type II collagen (CII) expressing
a dominant T cell epitope. Clin Exp Immunol 1996; 103:368—
75.

Vaysburd M, Lock C, McDevitt H. Prevention of insulin-
dependent diabetes mellitus in non-obese diabetic mice by
immunogenic but not tolerated peptides. J Exp Med 1995;
182:897-902.

Briner TJ, Kuo MC, Keating KM, Rogers BL, Greenstein JL.
Peripheral T-cell tolerance induced in naive and primed mice
by subcutaneous injection of peptides from the major cat
allergen Fel d I. Proc Natl Acad Sci USA 1993; 90:7608—12.
Hoyne GF, O’Hehir RE, Wraith DC, Thomas WR, Lamb JR.
Inhibition of T cell and antibody responses to house dust mite
allergen by inhalation of the dominant T cell epitope in naive
and sensitized mice. J Exp Med 1993; 178:1783-8.

Norman PS, Ohman JL Jr, Long AA et al. Treatment of cat
allergy with T-cell reactive peptides. Am J Respir Crit Care
Med 1996; 154:1623-8.

Kraft D, Ferreira F, Ebner C et al. Recombinant allergens: the
future of the diagnosis and treatment of atopic allergy. Allergy
1998; 53 (45 Suppl.):62-6.

Ferreira F, Hirtenlehner K, Jilek A et al. Dissection of immu-
noglobulin E and T lymphocyte reactivity of isoforms of the
major birch pollen allergen Bet v 1: potential use of hypoaller-
genic isoforms for immunotherapy. J Exp Med 1996; 183:599—
609.

Smith AM, Chapman MD. Reduction in IgE binding to aller-
gen variants generated by site-directed mutagenesis: contribu-
tion of disulfide bonds to the antigenic structure of the major
house dust mite allergen Der p 2. Mol Immunol 1996; 33:399—
405.

Takai T, Yokota T, Yasue M et al. Engineering of the major
house dust mite allergen Der f 2 for allergen-specific immu-
notherapy. Nat Biotechnol 1997; 8:754-8.

Ferreira F, Ebner C, Kramer B et al. Modulation of IgE
reactivity of allergens by site-directed mutagenesis: potential
use of hypoallergenic variants for immunotherapy. FASEB J
1998; 2:231-42.

Wiirtzen PA, Bufe A, Wissenbach M et al. Identification of
isoform-specific T-cell epitopes in the major timothy grass
pollen allergen, Phl p 5. Clin Exp Allergy 1999; 29:1614-25.
Chicz RM, Urban RG, Gorga JC, Vignali DA, Lane WS,
Strominger JL. Specificity and promiscuity among naturally
processed peptides bound to HLA-DR alleles. J Exp Med 1993;
178:27-47.



1590

M. Larché

17

18

19

20

21

22

Malcherek G, Gnau V, Jung G, Rammensee HG, Melms A.
Supermotifs enable natural invariant chain-derived peptides to
interact with many major histocompatibility complex-class 11
molecules. J Exp Med 1995; 181:527-36.

Mason D. A very high level of crossreactivity is an essential
feature of the T-cell receptor. Immunol Today 1998; 19:395-
404.

Sette A, Sidney J. HLA supertypes and supermotifs: a func-
tional perspective on HLA polymorphism. Curr Opin Immunol
1998; 10:478-82.

Southwood S, Sidney J, Kondo A et al. Several common
HLA-DR types share largely overlapping peptide binding
repertoires. J Immunol 1998; 160:3363-73.

Haselden BM, Kay AB, Larché M. Immunoglobulin E-
independent major histocompatibility complex-restricted T
cell peptide epitope-induced late asthmatic reactions. J Exp
Med 1999; 189:1885-94.

Davies JD, Leong LYW, Mellor A, Cobbold SP, Waldmann H.

23

24

T cell suppression in transplantation tolerance through linked
recognition. J Immunol 1996; 156:3602-7.

Hoyne GF, Jarnicki AG, Thomas WR, Lamb JR. Characterisa-
tion of the specificity and duration of T cell tolerance to
intranasally administered peptides in mice: a role for intramo-
lecular epitope suppression. Int Immunol 1997; 9:1165-73.
Qin S, Cobbold SP, Pope H, Elliot J, Kioussis D, Davies J,
Waldmann H. ‘Infectious’ transplantation tolerance. Science
1993; 259:974-17.

M. LARCHE

Department of Allergy and

Clinical Immunology

National Heart and Lung Institute
Imperial College School of Medicine
Dovehouse Street

London SW3 6LY

UK

© 1999 Blackwell Science Ltd, Clinical and Experimental Allergy, 29, 1588—1590



