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Abstract

Short peptide sequences corresponding to T cell epi-
topes have been identified in the major cat allergen Fel
d 1. In order to directly activate allergen-specific T cells in
cat-allergic asthmatic individuals, peptides were admin-
istered by intradermal injection. Subsequently, a propor-
tion of subjects experienced a delayed reduction of air-
way calibre manifested as a decrease in FEV,. Changes
in lung function occurred approximately 3 h after peptide
injection, peaked at 6 h and resembled an isolated late
asthmatic reaction (LAR). Using molecular tissue typing
techniques, it was determined that many of the individu-
als experiencing isolated LAR expressed particular HLA-
DR molecules. These molecules were shown in subse-
quent experiments to bind individual peptides within the
preparation and thus to activate T cells in a major histo-
compatibility complex (MHC)-restricted fashion. The pre-
cise mechanisms whereby MHC-restricted activation of
allergen-specific T cells gives rise to bronchoconstriction

are currently under investigation.
Copyright © 2001 S. Karger AG, Basel

Introduction

Allergic diseases, particularly asthma, are amongst the
commonest causes of chronic ill health, are increasing in
prevalence and have an appreciable health cost burden.
An understanding of immunological mechanisms in aller-
gic asthmatic inflammation in man will extend the base of
knowledge, which in turn will lead to measures that will
relieve the burden of disease.

A well-established model for studying mechanisms is
to provoke asthma in the clinical laboratory under con-
trolled conditions. Thus, following inhalation of allergen
there is a decrease in airway calibre occurring within min-
utes (the early asthmatic reaction) [1]. This acute reaction
is generally considered to be due to the release of hista-
mine and other pharmacological agents from mast cells
subsequent to cross-linking of IgE by allergen. Three to 8 h
after allergen challenge there follows a more prolonged,
delayed-in-time, late asthmatic reaction (LAR). In both
the skin [2] and the lung [3, 4] the late phase reaction
(LPR) is accompanied by an inflammatory cell infiltra-
tion, in which eosinophils and Th2 cells are prominent.
We and others have provided extensive evidence that
CD4+ T cells are associated with the LPR in the lung, as
well as in chronic asthma [4-7].
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CD4+ T cell activation is dependent upon presentation
of peptide fragments of processed antigen by major histo-
compatibility complex (MHC) class IT on antigen-present-
ing cells, to specific T cell receptors [8]. Productive T cell
responses also require costimulation through such path-
ways as CD28-CD80/CD86 [9]. Much attention has fo-
cused on functional inactivation of such T cell responses
leading to ‘tolerance’. The absence of costimulation leads
to T cell unresponsiveness (‘anergy’) to rechallenge [10].
In murine models, injection of peptides produced T cell
anergy or non-responsiveness through as yet unexplained
mechanisms. For example, production of IgG and IL-2 by
lymphocytes from Fel d 1-primed mice was decreased
after multiple injections of a peptide fragment of the
priming allergen [11], and intranasal administration of
peptides from Der p 1 could prevent sensitisation and
could also inhibit lymphocyte responses in previously sen-
sitised mice [12]. There is good evidence for peptide-
induced non-responsiveness of human CD4 cells in vitro
[13].

Recently, Norman et al. [14] and Simons et al. [15]
attempted to induce the counterpart of murine experi-
mental T cell tolerance [11] in cat-allergic individuals by
subcutaneous injection of T cell-reactive peptides (termed
IPC1 and IPC2). IPC1 and IPC2 were considerably longer
(27 amino acids each) than most previously defined T cell
epitopes. This may have been partly responsible for im-
mediate-type (presumed IgE-mediated) hypersensitivity
reactions observed in some patients [14]. Although the
peptides gave limited protection against natural exposure
to cats, large doses (4 x 750 ug) were required to achieve
a significant clinical effect [14]. More recently, Muller et
al. [16] have demonstrated clinical efficacy in a small
group of bee venom-sensitised patients treated with three
peptides derived from the sequence of phospholipase A,.

Materials, Methods and Results

In addition to rapid onset reactions, Norman et al. [14] also
observed asthma-like symptoms commencing several hours after
administration of IPC1/IPC2. We hypothesised that these reactions
were the result of direct, MHC-restricted activation of allergen-spe-
cific T cells. To determine whether T cell peptides, which do not
cross-link IgE, can induce an isolated LAR, we designed three Fel d 1
chain 1-derived peptides (FC1P) of 16/17 residues and administered
them, by intradermal injection, into cat-allergic asthmatic subjects
[17].

We recently showed that in humans the LAR could be provoked
by direct T cell activation independently of the early IgE response
[17]. Intradermal administration of short, allergen-derived peptides
directly initiated an MHC-restricted, T cell-dependent LAR, without
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the requirement for an early IgE/mast cell-dependent response, in
sensitised asthmatic subjects. Unexpectedly, we found that these
intradermal injections of T cell peptide epitopes, although producing
isolated LAR, had no visible cutaneous response. We believe that this
is a unique model for identifying the critical mediator(s) involved in
T cell- as opposed to mast cell-dependent airway narrowing. Such
observations may have particular relevance to ongoing chronic asth-
ma, which is believed to have an important T cell component but
where the sequence of events between T cell activation and bronchial
obstruction is incompletely understood.

We established that the peptides, by virtue of their small size, did
not release histamine from basophil-enriched mononuclear cells [17].
Following intradermal injection of 80 ug of FC1P, 9 out of 40 cat-
allergic asthmatic subjects experienced a fall in FEV; which started
at 3-4 h and reached a plateau by 6 h [17]. In none of the 40 subjects
were immediate lung reactions observed. We hypothesised that these
responses represented isolated Th2 cell-dependent LARs. Recogni-
tion of antigenic peptides by T cells requires that the peptide be pre-
sented to the T cell in the context of an appropriate MHC molecule or
‘restriction element’. Since not all individuals developed a response,
the HLA-DRBI1 haplotype of all subjects was determined [17]. Using
allergen-specific T cell lines derived from the study subjects prior to
peptide injection and L cells transfected with appropriate HLA-DR
alleles, it was determined that peptide FC1P3 could be presented to
T cells by both HLA-DRB1*0101 and two microvariants of DR13
(HLA-DRB1*1301 and HLA-DRB1*1302) [17] leading to prolifera-
tion and secretion of IL-5. Additionally, another of the three peptides
(FC1P2) could be presented by HLA-DRB1*0405 to T cells derived
from an autologous (HLA-DRB1*0405) subject and interestingly, to
an individual expressing HLA-DRB1*0408.

The recognition of the two peptides in the context of more than
one MHC molecule suggests that these peptides are capable of pro-
miscuous binding. This observation may be of some significance,
since one argument against the use of peptides for disease-modulat-
ing immunotherapy in humans is that because the human population
differs widely in their MHC haplotypes, a very large (and therefore
impractical) number of peptides will have to be employed in any
therapeutic preparation. In fact, what our findings suggest is that
individual peptides are capable not only of binding promiscuously to
more than one MHC molecule, but that there is also a degree of plas-
ticity at the level of the T cell receptor, since a T cell receptor from an
HLA-DRB1*0408 individual can recognise FC1P2 when it is pre-
sented in the context of HLA-DRB1*0405. Based on these early
observations, therefore, it appears that a relatively small number of
carefully selected peptides from an allergen may be efficacious in the
treatment of allergic disease. Interestingly, similarly promiscuous
peptides have been identified in other allergens such as Bet v 1 [18]
and bee venom phospholipase A, [19].

Thus, it was possible to account for FC1P-mediated induction of
LAR by virtue of the 9 individuals expressing a DR1, DR4 or DR13
allele. These findings strongly support the hypothesis that direct,
MHC-restricted activation of Th2 lymphocytes by allergen-derived
peptides leads to the development of the LAR suggesting that both
the Th2 component of asthma and strategies to downregulate this
response are founded firmly in MHC-restricted Th2 cell recognition
of allergen epitopes.
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Discussion

A number of possibilities exist to explain the mecha-
nism underlying T cell-dependent induction of broncho-
constriction. One possibility is that T cell activation, in
and around the airways, leads to the mobilisation of
eosinophils through the elaboration of type 2 and eosino-
phil-active cytokines [e.g. interleukin-3 (IL-3), IL-4, IL-5
and granulocyte macrophage-colony stimulating factor].
These cytokines, together with CC chemokines, especially
eotaxin, lead to selective eosinophil accumulation, migra-
tion and activation. This, in turn, promotes bronchial
smooth muscle contraction and airway oedema through
the generation of eosinophil membrane-derived sulphido-
peptide leukotrienes [20]. An alternative possibility
would be the elaboration, by T cells, of histamine-releas-
ing factors which lead to mast cell degranulation. The role
of such mechanisms in T cell-dependent isolated LAR is
currently under investigation.

A further alternative may be found in recent studies
which have raised the possibility that those elements of
allergic airway inflammation which involve smooth mus-
cle contraction, submucosal oedema and mucous hyperse-
cretion may be due to local neuropeptide release, conse-
quent to the elaboration of neurotrophins [21]. Thus, one
hypothesis is that sensitised T cells, activated by T cell
peptide epitopes, elaborate NGF and other neurotrophins
which bind to specific receptors (called ¢rk) in and around
sensory neurones. These are internalised and retrogradely
transported to the neuronal cell body. In the nucleus they
induce transcriptional activation leading to neuronal
hyperreactivity and enhanced neuropeptide synthesis.
These neuropeptides are then transported into the periph-
ery to be released upon stimulation by antidromic mecha-
nisms. A second possibility is that T cell activation results
in stimulation of sensory nerve fibres in the submucosa.
This may be effected by release of as yet unidentified solu-
ble factors, or by direct T cell interaction with the fibre.
Sensory nerve impulses would then be received in the
nerve ganglion and give rise to cholinergic drive leading to
smooth muscle contraction and a reduction in airway cal-
ibre.

There may also be direct interactions between T cells,
or their products, and airway smooth muscle (ASM) lead-
ing to contraction. T cells are known to adhere directly to
ASM cells via intergins and CD44 [22], and TNF-a, a
known product of activated T cells and present in BAL
fluid in asthmatics [23], induces calcium mobilisation
and electrophysiological changes in ASM cells [24]. ASM
cells are a rich source of inflammatory mediators, includ-
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ing CC chemokines and pro-inflammatory cytokines [25]
which on the one hand, can be induced by agents such as
TNF-a, and on the other, could amplify T cell peptide-
induced airway narrowing. There is also strong evidence
from experimental animals that IL-13 may directly in-
duce airway hyperreactivity, by a mechanism which, like
peptide-induced LAR, is independent of IgE [26, 27].

Conclusions

The clinical model described provides a powerful sys-
tem in which to investigate the precise role of the T cell in
late-phase allergic inflammation. It allows the confound-
ing influence of the early phase reaction to be removed,
and in so doing, allows the identification of the compo-
nents of the LPR which are dependent upon a preceding
early phase reaction and those which are not. The ability
to dissect the cellular mechanisms of the complex events
which give rise to allergic reactions, and lead to chronic
allergic inflammation, will lead to a better understanding
of how therapeutic approaches may be designed in order
to establish regulation of the cellular mechanisms which
drive allergic diseases.

Acknowledgments

The authors would like to thank the following collaborators: Dr.
Meinir Jones, Professor Robert Lechler, Dr. Giovanna Lombardi,
Professor Jonathan Lamb, Dr. Carolyn Katovich-Hurley, Dr. John
Richert, Dr. Amanda Bennett and Professor Martin Church.

Larché/Haselden/Oldfield/Shirley/North/
Meng/Robinson/Ying/Kay



References

Kay AB: Concepts of allergy and hypersensitiv-
ity; in Kay AB (ed): Allergy and Allergic Dis-
eases. Oxford, Blackwell Science, 1997, vol 1,
chap 2, pp 23-35.

Kay AB, Ying S, Varney V, Gaga M, Durham
SR, Mogbel R, Wardlaw AJ, Hamid Q: Mes-
senger RNA expression of the cytokine gene
cluster, IL-3, IL-4, IL-5 and GM-CSF in aller-
gen-induced late-phase cutaneous reactions in
atopic subjects. J Exp Med 1991;173:775-778.
Azzawi M, Bradley B, Jeffery PK, Frew AJ,
Wardlaw AJ, Knowles G, Assoufi B, Collins
JV, Durham SR, Kay AB: Identification of
activated T lymphocytes and eosinophils in
bronchial biopsies in stable atopic asthma. Am
Rev Respir Dis 1990;142:1407-1413.
Robinson DS, Hamid Q, Bentley A, Ying S,
Kay AB, Durham SR: Activation of CD4+ T
cells, increased Th2-type cytokine mRNA ex-
pression, and eosinophil recruitment in bron-
choalveolar lavage after allergen inhalation
challenge in atopic asthmatics. J Allergy Clin
Immunol 1993;92:313-324.

Corrigan CJ, Kay AB: T-lymphocyte activation
in acute severe asthma. Relationship to disease
severity and atopic status. Am Rev Respir Dis
1990;141:970-977.

Kon OM, Sihra BS, Compton CH, Leonard T,
Kay AB, Barnes NC: Randomised, dose-rang-
ing, placebo controlled study of a chimeric anti-
body to CD4 (keliximab) in chronic severe
asthma. Lancet 1998;352:1109-1113.
Robinson DS, Hamid Q, Ying S, Tsicopoulos
A, Barkans J, Bentley AM, Corrigan C, Dur-
ham SR, Kay AB: Predominant TH2-like bron-
choalveolar T-lymphocyte population in atopic
asthma. N Engl J Med 1992;326:298-304.
Jorgensen JL, Reay PA, Ehrich EW, Davis
MM: Molecular components of T-cell recogni-
tion. Annu Rev Immunol 1992;10:835-873.
Larché M, Till SJ, Haselden B-M, North J, Bar-
kans J, Kay AB, Robinson DS: Costimulation
through CD86 is involved in airway presenting
cell and T cell responses to allergen in atopic
asthmatics. J Immunol 1998;161:6375-6382.

T Cell-Dependent Late Asthmatic
Reactions

Schwartz RH: T cell clonal anergy. Curr Opin
Immunol 1997;9:351-357.

Briner TJ, Kuo MC, Keating KM, Rogers BL,
Greenstein JL: Peripheral T-cell tolerance in-
duced in naive and primed mice by subcuta-
neous injection of peptides from the major cat
allergen Fel d I. Proc Natl Acad Sci USA 1993;
90:7608-7612.

Hoyne GF, O’Hehir RE, Wraith DC, Thomas
WR, Lamb JR: Inhibition of T cell and anti-
body 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.

O’Hehir RE, Garman RD, Greenstein JL,
Lamb JR: The specificity and regulation of T-
cell responsiveness to allergens. Annu Rev Im-
munol 1991;9:67-95.

Norman PS, Ohman JL Jr, Long AA, Creticos
PS, Gefter MA, Shaked Z, Wood RA, Eggleston
PA, Hafner KB, Rao P, Lichtenstein LM, Jones
NH, Nicodemus CF: Treatment of cat allergy
with T-cell reactive peptides. Am J Respir Crit
Care Med 1996;154:1623-1628.

Simons FE, Imada M, Li Y, Watson WT, Hay-
glass KT: Fel d 1 peptides: Effect on skin tests
and cytokine synthesis in cat-allergic human
subjects. Int Immunol 1996;8:1937-1945.
Muller U, Akdis CA, Fricker M, Akdis M,
Blesken T, Bettens F, Blaser K: Successful im-
munotherapy with T-cell epitope peptides of
bee venom phospholipase A2 induces specific
T-cell anergy in patients allergic to bee venom.
J Allergy Clin Immunol 1998;101:747-754.
Haselden BM, Barry Kay A, Larché M: Immu-
noglobulin E-independent major histocompati-
bility complex-restricted T cell peptide epi-
tope-induced late asthmatic reactions. J Exp
Med 1999;189:1885-1894.

Friedl-Hajek R, Spangfort MD, Schou C, Brei-
teneder H, Yssel H, Joost van Neerven RJ:
Identification of a highly promiscuous and an
HLA allele-specific T-cell epitope in the birch
major allergen Bet v 1: HLA restriction, epi-
tope mapping and TCR sequence comparisons.
Clin Exp Allergy 1999;29:478-487.

19

20

21

22

23

24

25

26

27

Texier C, Pouvelle S, Busson M, Herve M,
Charron D, Menez A, Maillere B: HLA-DR
restricted peptide candidates for bee venom
immunotherapy. J Immunol 2000;164:3177-
3184.

Wardlaw AJ, Mogbel R, Kay AB: Eosinophils:
Biology and role in disease. Adv Immunol
1995;60:151-266.

Braun A, Lommatzsch M, Renz H: The role of
neurotrophins in allergic bronchial asthma.
Clin Exp Allergy 2000;30:178-186.

Lazaar AL, Albelda SM, Pilewski JM, Brennan
B, Pure E, Panettieri RA Jr: T lymphocytes
adhere to airway smooth muscle cells via inte-
grins and CD44 and induce smooth muscle cell
DNA synthesis. J Exp Med 1994;180:807-
816.

Broide DH, Lotz M, Cuomo AJ, Coburn DA,
Federman EC, Wasserman SI: Cytokines in
symptomatic asthma airways. J Allergy Clin
Immunol 1992;89:958-967.

Amrani Y, Kryskaya V, Maki C, Panettieri RA
Jr: Mechanisms underlying TNFa effects on
agonist-mediated calcium homeostasis in hu-
man airway smooth muscle cells. Am J Physiol
1997;273:L1020-L1028.

Panettieri RA, Kotlikoff MI: Cellular and mo-
lecular mechanisms regulating airway smooth
muscle cell physiology and pharmacology; in
Fishman AP, Elias JA, Fishman JA, Grippi
MA, Kaiser LR, Senior RM (eds): Fishman’s
Pulmonary Diseases and Disorders, ed 3. New
York, McGraw-Hill, 1998, pp 107-117.
Wills-Karp M, Luyimbazi J, Xu X, Schofield
B, Neben TY, Karp CL, Donaldson DD: Inter-
leukin-13: Central mediator of allergic asthma.
Science 1998;282:2258-2261.

Griinig G, Warnock M, Wakil AE, Vankayya
R, Brombacher F, Rennick DM, Sheppard D,
Mohrs M, Donaldson DD, Locksley RM, Cor-
ry DB: Requirement for IL-13 independently
of IL-4 in experimental asthma. Science 1998;
282:2261-2263.

Int Arch Allergy Immunol 2001;124:272-275

275



Copyright: S. Karger AG, Basel 2001. Reproduced with the permission of 5. Karger
AG, Basel. Further reproduction or distribution (electronic or otherwise) is prohibited
without permission from the copyright holder.



