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strategy. Peptide immunotherapy is an approach that targets CD4. T-cells by using
allergen-derived peptides containing short l inear T-cell epitopes to induce tolerance.
The principle has been established in animal models and the reduced abil ity of short
peptide epitopes to cross-link surface-bound IgE may provide an attractive alternative
to SIT in humans.

Peptide-induced hyporesponsiveness in vitro

In vitro experiments have demonstrated that different concentrations of peptides can
induce act ivat ion or hyporesponsiveness depending on dose. Lamb and col leagues [12]
employed high doses (50 mg) of peptide to render human T-cells non-responsive in vitro.
Influenza virus hemagglutinin-specific human ThO T-cell clones were exposed to
supraoptimal doses of peptide in the absence of antigen-presenting cells. Subsequent
whole antigen challenge was characferized by antigen-specific T-cell hyporesponsive-
ness (anergy). which could be prevented or reversed by the addition of IL-2 [3].
Further studies using supraoptimal doses of peptides in human CD4t T-cell clones
react ive to house dust mite reproduced clonal  anergy and showed that th is state was
accompanied by down-regulation of IL-2 and IL-4 and maintenance of IFN-y secretion
[14.1s1.

lnvestigation of T cellresponses in vivo: Animal models

The pr inciple that  T cel l  pept ide epi topes may be employed to induce ant igen-spe-
cif ic hyporesponsiveness has been extensively investigated in rodent models of autoim-
mune disease and. more recent lv.  in models of  a l lers ic sensi t izz i t ion.

Br iner and col leagues establ ished a murine model of  cat  a l lergy in which two pep-
t i d e s ( f P C - l  a n d I P C - 2 ) , d e r i v e d f r o m c h a i n  1 o f  F e l  d  l . t h e m a j o r c a t a l l e r g e n . w e r e
administered [6] .  Decreased lPC-2-speci f ic  product ion r>t  IL-Z. IL-4 and IFN-y was
demonstratcd.  In addi t ion.  ant igen-speci f ic  T-cel l  prol i ferat ion was reduced. The
effects of subcutaneous IPC-2 administration on animals already primed with Fel d 1
was also examined. Combined adrninistration of IPC-1 and IPC-} resulted in a decreerse
in the T-cell response (lL-2 production) to stimulation with the whole chain I protein.

Using the mucosal  route,  Hoyne and co-workers performed intranasal  pept ide chal-
lenge and demonstrated the induct ion of  T-cel l  to lerance [17.18].  Pept ides der ived from
the house dust mite al lergen Der p 1.  were not only able to prevent sensi t izat ion but
could also inhibit T-cell responses in sensitized mice. Hyporesponsiveness was short-
l ived. since re-challenge at day 21was able to elicit a further transient T-cell response
that was subsequent ly down-regulated over t ime. These and other animal studies have
demonstrated that antieen-specific hyporesponsiveness can be achieved through the
administrat ion of  pept ides.
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Peptide therapy for bee venom allergy

Mùller and colleagues used an equimolar mixture of three T-cell epitopes of PLA2 ,
the major allergen of bee venom phospholipase A, to treat f ive patients who had expe-
rienced IgE-mediated systemic allergic reactions to bee stings [26].Ten patients aller-
gic to bee venom receiving SIT served as control subjects. Peptides were administered
in an incremental dosing schedule starting at 0.1 pg and leading to three maintenance
injections of 100 mg each. The total dose received was 397.I pg over two months.
Patients were challenged with subcutaneous PLA2 followed by a l ive bee sting one
week later. No allergic side-effects were reported and all subjects tolerated the PLA2
challenge without systemic symptoms. Two peptide-treated patients developed mild
systemic allergic symptoms after the bee sting challenge. After therapy, specific prolif-
erative responses by peripheral blood mononuclear cells (PBMCs) to PLAr and the
peptides were decreased in the three successfully treated patients. The production of
Th1 (IL-2, IFN-y) and Th2 (lL-4, -5, -13) cytokines was also inhibited and B-cells were
unaffected in their capacity to produce specific IgE and IgG4 antibodies. Levels
increased after allergen challenge in favour of IgG4, as expected with conventional SIT
with bee venom. Treatment was associated with the production of IL-10 by peripheral
blood mononuclear cells in vitro.

M HC-based peptide vaccines

In studies in our own group, a combination of three peptides from the cat allergen
Fel d 1, when administered intradermally to cat-allergic asthmatics was shown to induce
MHC-restricted isolated late asthmatic reactions (LAR) that appeared to be followed
by a period of profound, antigen-specific immunological tolerance f27f. In later stud-
ies, 72 overlapping peptides (16 to 17 residues long each) spanning the majority of
chains 1 and 2 of Fel d 1, were synthesised. By spanning the majority of the molecule
we hoped to increase the number of HLA haplotypes able to bind and present peptirde
[28]. Using this preparation of peptides it was demonstrated that thé magnitude, as
well as the frequency, of isolated LARs in cat-allergic asthmatic subjects was dose-
dependent. A second injection of peptides was associated with a marked reduction. or
absence, of the LAR with a return to baseline values over up to 40 weeks.

More recently, an open study employing an up-dosing protocol with peptides (0.1,
1.0, 5, 70,25 prg) injected at bi-weekly intervals demonstrated the abil ity to induce T cell
hyporesponsiveness in the absence of LAR's. These results indicate that incremental
dosing protocols, starting at a dose that is too low to induce LAR's, may allow peptide
immunotherapy to be used safely, without undesirable adverse effects [29].

Following a single peptide injection, cutaneous late phase reactions (LPR) to intra-
dermal challenge with whole cat dander extract were significantly reduced [28]. To con-
firm these observations in a blinded study, 24 cat-allergic subjects were recruited into a
double-blind, placebo-controlled study with 16 subjects randomized to peptides via an
incremental dosing protocol, to a total dose of 90 pg [30]. Following peptide treatment
a significant reduction in both the early and late cutaneous reactions to Fel d 1 and also
to whole cat dander were observed, indicating peptide-induced modulation of both B-
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