
Use of altered peptide ligands to modulate immune responses as a

possible immunotherapy for allergies

Allergies are dramatically increasing in prevalence, and the management of these
diseases is a heavy burden on the health-care systems of developed countries. In
recent years, many efforts have been made to improve the therapy of allergies
and to develop new approaches for immunotherapy. Here we brie¯y review the
use of peptides to modulate T-cell responses to allergens. We focus mainly on the
possibility of using altered peptide ligands (APLs), i.e., peptides tailored on
immunodominant T epitopes and bearing a single amino-acid substitution, as a
tool to modulate immune responses to allergens. These peptides may be
recognized by the speci®c T cells triggered by the agonist peptides, but they are
unable to elicit T-cell responses; thus, they could be ideal candidates to modulate
immune responses to allergens. The availability of these peptides could allow new
approaches for immunotherapies.
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The control of the immune responses by induction of
long-term, antigen-speci®c immunologic unresponsive-
ness is a crucial point in curing immune-mediated
diseases, including allergies. In fact, unlike current
treatments, therapies able to induce speci®c tolerance
would affect only undesired immune responses without
affecting the protective immunity. In the last few years,
several approaches to immunologic tolerance induction
have been explored, and researchers have tried to
modulate the immune responses acting on the different
steps of the activation of the immune system (reviewed
in ref. 1). In this report, we focus on the possible use of
altered peptide ligands (APLs) as a therapy to modulate
allergic responses.

APLs, antagonists, and partial agonists

Antigens are speci®cally recognized as peptides bound
in an autologous MHC context by speci®c receptors
expressed on T cells, T-cell receptors (TCRs). The
interaction MHC/peptide/speci®c TCR starts a cascade
of biochemical events that leads to T-cell activation
(reviewed in ref. 2). Upon activation, T cells display

their functions, such as helper T-cell proliferation and
cytokine production aiming to promote secretion of
antibodies and cytotoxicity (2). Recently, many data
have shown that it is possible to block selectively T cells
speci®c for a given antigen by using APLs, also called
analog peptides (3, 4). Usually, APLs bear a single
substitution of a putative T-cell contact residue of a
characterized antigenic peptide, and they retain similar
properties of MHC binding (3, 4). Therefore, APLs
bind MHC with similar af®nity to the unmodi®ed
peptide and can be recognized by the speci®c TCRs; but
they do not elicit a T-cell response (3, 4). Many groups
have studied in detail the effect of a single amino-acid
substitution of antigenic peptides on T-cell activation
(reviewed in ref. 5), but, despite our increasing knowl-
edge, the way APLs affect T-cell activation is not yet
completely understood.

APLs may indeed affect T-cell function in different
ways. It is likely that, at least in some cases, the
TCR±APL interaction is unable to originate T-cell
signaling, thus resulting in an impairment of the speci®c
T-cell activation. This phenomenon is referred to as
TCR antagonism, and the peptides are de®ned as
antagonists (4, 5).
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Antagonist peptides are able to block T-cell pro-
liferation, and antagonist peptides have been described
by different groups in murine and human systems (4±7).
Moreover, TCR antagonism has been observed in
several MHC class I and class II restricted responses
and in several different antigenic systems (4±7), includ-
ing superantigen stimulation (8). It is likely that antag-
onism is a rather general phenomenon that can be
observed in many different experimental systems.

While the antagonist peptides do not initiate T-cell
signaling, some peptides are able to elicit some but not all
of the signals required for full T-cell activation. In this
case, the peptides are de®ned as partial agonists (4, 5).

Partial agonists have been described that uncouple
different T-cell responses by given TCR ligands. For
example, on the same T-cell clones, an analog may
trigger cytotoxicity alone, whereas a different one may
induce only cytokine production (9±11).

The mechanisms underlying the effects of APLs have
been extensively investigated in the last few years.
According to current models of T-cell recognition, the
effects of APLs could be due to altered kinetics of
TCR±MHC association or to a conformational mod-
i®cation of the MHC/peptide complex that triggers the
TCR in a different way (reviewed in ref. 5).

Other molecules, such as CD4, CD8, and CD45, are
involved in T-cell recognition and may affect the
ef®ciency of antagonism (12, 13), thus suggesting that
the low avidity of the whole interaction could be the
critical point.

The af®nity of the TCR for antagonists seems to be
much lower than the one for agonist peptides, according
to biochemical measurements. Several experiments per-
formed by surface plasmon resonance have shown that
the TCR/agonist/MHC complex has a Kd of 21 mmol/l,
whereas, in the presence of an antagonist, a Kd 10x4

times lower has been measured (5, 14, 15).
T-cell antagonism is also a ``natural'' phenomenon.

Some viruses use T-cell antagonism to escape the
immune response, and it has been reported that the
HBV and HIV may give rise to viral epitopes bearing a
substitution in TCR contact residues and no longer
recognized by speci®c cytotoxic T cells (16, 17). Further-
more, T-cell antagonism seems to play a role in positive
thymic selection and in the establishing of the T-cell
repertoire (18, 19).

Immunomodulation of responses to allergens

Recently, several groups reported the inhibition of T-cell
responses to allergens by different approaches (reviewed
in ref. 1). Several authors were able to block T-cell
responses to allergens with isoforms of major allergens
(20±22), and other groups reported the ability to induce
anergy with T-cell epitopes (22±24). In some studies, the
vaccination of allergen-sensitized animals, performed by

using plasmids containing the allergen T-cell epitope,
abolished the response (1, 25). In all these cases, T-cell
production of cytokines was impaired so that T cells
were no longer producing Th2-like cytokines. The mech-
anisms of these effects are not yet elucidated. However,
since these reports, clinical trials to evaluate the effects
of vaccination using the major T-cell epitopes from Fel d
1 have been undertaken (20±29).

To date, there are no de®nitive data on the ef®cacy of
this new immunotherapy.

APLs and their use to inhibit responses to allergens

It is clear that the antagonism phenomenon, as well as
the availability of antagonist and partial agonist pep-
tides for speci®c antigens, may represent an important
tool for the modulation of immune responses. As
mentioned above, the use of such an approach could
be able to inhibit only T cells responsible for dangerous
immune responses, as in autoimmune diseases, trans-
plant rejection, and allergies.

In a large majority of cases, allergies are due to an
ongoing production of antigen-speci®c IgE, which is
sustained by a persistent recognition of allergens by Th2
cells. After the speci®c recognition, Th2 cells start to
produce cytokines, IL-4, IL-5, and others, so promoting
the production of antibodies by B cells and the IgG-IgE
switch (30).

On this basis, the ability to impair the activation of
allergen-speci®c T cells should permit us to avoid, or at
least to diminish, the persistence of IgE production, with
a consequent lowering of allergic responses, but no effect
on the overall protective functions of the immune
system.

Moreover, the availability of partial agonists could
allow us to block only some functions of T cells, such as
cytokine production by Th2-like cells.

Over the years, numerous attempts have been made to
use APLs to affect allergen stimulation in vitro. APLs
have been used to inhibit the stimulation of T-cell clones
speci®c for a major allergen of house-dust mites (HDM)
Der p 2 (23, 32) and the major allergens of Japanese
cedar pollen, Cry j 1 and Cry j 2 (33). In the ®rst case, the
APLs worked as partial agonists, while antagonists and
partial agonists were identi®ed by Fasler et al. (31).
These authors also showed that APLs downregulate the
expression of CD40L on T cells, thus affecting the T±B
interactions (32).

Some members of our group have shown that it is
possible to inhibit the proliferation of T-cell lines speci®c
for Par j 1, a major allergen of Parietaria judaica pollen,
with APLs (34). One immunodominant epitope was
found along the sequence of Par j 1; interestingly, this
epitope was found to be a promiscuous MHC class II
binder. APLs derived from this Par j 1 epitope were able
to block the proliferation of Par j 1-speci®c T-cell clones
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and T-cell lines, even when the cell stimulation was done
with the whole-pollen extract.

These results hold good promise for an eventual
immunotherapy of allergy, at least when the sensitizing
allergen is Par j 1. Indeed, because it is a promiscuous
MHC class II binder, it is likely that this epitope is
recognized by a large number of persons; thus, APLs
would also be recognized and could be used for a large
part of the population.

Conclusion

The prevalence of allergies has been dramatically
increasing in recent years at a high cost to the health-
care systems in the developed countries. Therefore,
there is great interest in improving the therapy for these

diseases. The availability of peptides able to down-
regulate the allergen-speci®c T-cell response could lead
to a lower synthesis of IgE, which is responsible for
allergies. Furthermore, this approach could avoid the
risks of conventional immunotherapy, in which the
whole allergen is used. Being T-cell epitope-derived,
the APLs should not bind IgE, thus eliminating the
side-effects of conventional immunotherapy. The ®nd-
ing of APLs that bind to several MHC class II
complexes suggests that they may be of general use.

Further studies need to clarify the mechanisms of
APLs effects, and animal models need to be prepared to
test the validity of this approach; however, the ability to
regulate T-cell functions could represent a key
approach to a new therapy for allergies, as well as for
other immune-mediated diseases.

References

1. HACKETT CJ, DICKLER HB. Immunologic
tolerance for immune system mediated
diseases. J Allergy Clin Immunol
1999;103:1±8.

2. CANTRELL D. T cell antigen receptor
signal transduction pathways. Annu
Rev Immunol 1996;14:259±274.

3. DE MAGISTRIS MT, ALEXANDER J,
COGGESHALL M, et al. Antigen analog-
major histocompatibility complexes act
as antagonists of the T cell receptor.
Cell 1992;68:625±634.

4. SETTE A, ALEXANDER J, RUPPERT J, et al.
Antigen analogs/MHC complexes as
speci®c T cell receptor antagonists.
Annu Rev lmmunol 1994;12:413±432.

5. JAMESON SC, BEVAN MJ. T cell receptor
antagonists and partial agonists.
Immunity 1995;2:1±11.

6. TSITOURA DC, HOLTER W, CERWENKA A,
GELDER CM, LAMB JR. Induction of
anergy in human T helper 0 cells by
stimulation with altered T cell antigen
receptor ligands. J Immunol
1996;156:2801±2808.

7. KUCHROO VK, GREER JM, KAUL D, et al.
A single TCR antagonist peptide
inhibits experimental allergic
encephalomyelitis mediated by a diverse
T cell repertoire. J Immunol
1994;153:3326±3336.

8. EVAVOLD BD, SLOAN-LANCASTER J, ALLEN

PM. Antagonism of superantigen-
stimulated helper T-cell clones and
hybridomas by altered peptide ligand.
Proc Natl Acad Sci U S A
1994;91:2300±2304.

9. EVAVOLD BD, ALLEN PM. Separation of
IL-4 production from Th cell
proliferation by an altered T cell
receptor ligand. Science
1991;252:1308±1310.

10. EVAVOLD BD, SLOAN-LANCASTER J, HSU

BL, ALLEN PM. Separation of T helper 1
clone cytolysis from proliferation and
lymphokine production using analog
peptides. J Immunol
1993;150:3131±3140.

11. EVAVOLD BD, SLOAN-LANCASTER J, ALLEN

PM. Tickling the TCR: selective T-cell
functions stimulated by altered peptide
ligands. Immunol Today
1993;14:602±609.

12. SAIZAWA K, ROJO J, JANEWAY CA Jr.
Evidence for a physical association of
CD4 and the CD3: alpha:beta T-cell
receptor. Nature 1987;328:260±263.

13. O'ROURKE AM, ROGERS J, MESCHER MF.
Activated CD8 binding to class I
protein mediated by the T-cell receptor
results in signalling. Nature
1990;346:187±189.

14. ALEXANDER J, SNOKE K, RUPPERT J, et al.
Functional consequences of
engagement of the T cell receptor by low
af®nity ligands. J Immunol
1993;150:1±7.

15. SAVAGE PA, BONIFACE JJ, DAVIS MM. A
kinetic basis for T cell receptor
repertoire selection during an immune
response. Immunity 1999;10:485±492.

16. BERTOLETTI A, SETTE A, CHISARI FV,
et al. Natural variants of cytotoxic
epitopes are T-cell receptor antagonists
for antiviral cytotoxic T cells. Nature
1994;369:407±410.

17. KIENERMAN P, ROWLAND JONES S, et al.
Cytotoxic T-cell activity antagonized by
naturally occurring HIV-1 Gag
variants. Nature 1994;369:403±407.

18. PAGE DM, ALEXANDER J, SNOKE K, et al.
Negative selection of CD4+ CD8+
thymocytes by T-cell receptor peptide
antagonists. Proc Natl Acad Sci U S A
1994;91:4057±4061.

19. ROBEY E, FOWLKES BJ. Selective events
in T cell development. Annu Rev
Immunol 1994;12:675±705.

20. VALENTA R, KRAFT D. Recombinant
allergens for diagnosis and therapy of
allergic diseases. Curr Opin Immunol
1995;7:751±756.

21. FERREIRA F, HIRTHENLEHNER K, JILEK A,
et al. Dissection of immunoglobulin E
and T lymphocyte reactivity of isoform
of the major birch pollen allergen Bet
v 1: potential use of hypoallergenic
isoforms for immunotherapy. J Exp
Med 1996;183:599±609.

22. FERREIRA F, HIRTHENLEHNER K, BRIZA P,
et al. Isoforms of atopic allergens with
reduced allergenicity and conserved
T cell antigenicity: possible use for
speci®c immunotherapy. Int Arch
Allergy Immunol 1997;113:125±127.

23. HOYNE G, O'HEHIR RE, WRAITH D,
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±1788.

24. BRINER T, KUO M, KEATING K, ROGERS

B, GREENSTEIN J. 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 U S A
1993;90:7608±7612.

25. HSU CH, CHUA KY, TAO MH, et al.
Immunoprophylaxis of allergen-
induced immunoglobulin E synthesis
and airway hyperresponsiveness in vivo
by genetic immunization. Nat Med
1996;5:540±544.

De Palma et al.

58



26. NORMAN PS, NICODEMUS CF, CRETICOS

PS, et al. Clinical and immunologic
effects of component peptides in
Allervax Cat. Int Arch Allergy
Immunol 1997;113:224±228.

27. SIMONS FER, IMADA M, LI Y, WATSON

WTA, HAYGLASS KT. Fel d I peptides:
effect on skin tests and cytokine
synthesis in cat allergic human subjects.
Int Immunol 1996;8:1937±1945.

28. NORMAN PS, OHMAN JL Jr, LONG AA,
et al. Treatment of cat allergy with T-
reactive peptides. Am J Respir Crit Care
Med 1996;154:1623±1638.

29. MARCOTTE GV, BRAUN CM, NORMAN PS,
et al. Effects of peptide therapy on
ex vivo T-cell response. J Allergy Clin
Immunol 1998;101:506±513.

30. ROMAGNANI S. Lymphokine production
by human T cells in disease states. Annu
Rev Immunol 1994;12:227±257.

31. FASLER S, AVERSA G, TERR A,
THESTRUP-PEDERSON K, DE VRIES JE,
YSSEL H. Peptide-induced anergy in
allergen-speci®c human Th2 cells results
in lack of cytokine production and B
cell help for IgE synthesis. J Immunol
1995;155:4199±4206.

32. FASLER S, AVERSA G, DE VRIES JE, YSSEL

H. Antagonistic peptides speci®cally
inhibit proliferation, cytokine
production, CD4OL expression, and
help for IgE synthesis by Der p
1-speci®c human T-cell clones. J Allergy
Clin Immunol 1998;101:521±528.

33. IKAGAWA S, MATSUSHITA S, CHEN YZ,
ISHIKAWA T, NISHIMURA Y. Single amino
acid substitutions on a Japanese cedar
pollen allergen (Cry y 1)-derived peptide
induced alterations in human T cell
receptor antagonism. J Allergy Clin
Immunol 1996;97:53±64.

34. DE PALMA R, WU S, SALLUSTO F, et al.
Use of antagonist peptides to inhibit
in vitro T cell responses to Par j 1, the
major allergen of Parietaria judaica
pollen. J Immunol 1999;162:1982±1987.

Peptides in immunotherapy

59


