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Cat allergen peptide immunotherapy reduces CD4 " T cell
responses to cat allergen but does not alter suppression by CD4 "
CD25" T cells: a double-blind placebo-controlled study

Background: We have previously described both modification of allergen
immunotherapy using peptide fragments, and reduced regulation of allergen

with nonallergic controls. It has been suggested that allergen immunotherapy
induces regulatory T cell activity: we hypothesized that allergen peptide
immunotherapy might increase suppressive activity of CD4" CD25" T cells.
Objective: To examine cat allergen-stimulated CD4 T cell responses and their
suppression by CD4 " CD25" T cells before and after cat allergen peptide
immunotherapy in a double-blind placebo-controlled study.

Methods: Peripheral blood was obtained and stored before and after peptide
immunotherapy or placebo treatment. CD4 " and CD4" CD25" were then
isolated by immunomagnetic beads and cultured with allergen in vitro.
Results: Comparing cells from blood taken before with that after peptide im-
munotherapy there was a significant reduction in both proliferation and IL-13
production by allergen-stimulated CD4+ T cells, whereas no change was seen
after placebo. CD4" CD25" T cells suppressed both proliferation and IL-13
production by CD4" CD25™ T cells before and after therapy but peptide

Conclusion: Allergen peptide immunotherapy alters T cell response to allergen
through mechanisms other than changes in CD4" CD25" T cell suppression.

stimulated T cells by CD4" CD25" T cells from allergic donors when compared

therapy was not associated with any change in suppressive activity of these cells.
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Activation of Th2 type CD4" T cells by allergen is
thought to be a critical step in allergic inflammation in a
variety of atopic allergic diseases including asthma,
rhinitis and atopic dermatitis (1, 2). CD4" CD25”
T cells have been described as naturally occurring regu-
latory or suppressive cells, initially characterized in mice
as able to prevent activation of self-reactive T cells and
thus prevent auto-immunity (3—-6). We, and others, have
recently described activity of such CD4" CD25" T cells
from human peripheral blood in suppression of allergen-
stimulated T cells from the same donors (7, 8). Indeed,
when we compared activity of these cells from atopic and
nonatopic donors the suppressive activity was greater in
those without atopy than in those with atopic allergic
disease (7), suggesting that inappropriate T cell responses
to aeroallergens may normally be controlled by this
regulatory subset.

Allergen injection immunotherapy was first described
nearly 100 years ago and involves subcutaneous injection
of allergen extract in an escalating dose regimen that
results in clinical tolerance of allergen exposure (9).
Controlled trials have shown such treatment to be
effective in severe summer hayfever, cat allergic asthma,

and other allergies (10-12). Numerous studies have
demonstrated alterations in T cell reactivity after allergen
immunotherapy, with reduction in Th2 cytokine expres-
sion upon allergen stimulation often accompanied by
increased expression of the Thl-associated cytokine
interferon (IFN)y (9, 13). More recently attention has
focussed on IL-10, an immunodulatory cytokine which
can down regulate production of both Thl and Th2
cytokines (14). Several groups have suggested that aller-
gen immunotherapy induces a CD25" IL-10-producing
regulatory T cell subset (15, 16).

A clinical drawback of allergen immunotherapy is that
whole allergen extracts cross link IgE and can thus trigger
anaphylaxis. This has limited the use of allergen immuno-
therapy, particularly in the UK (17). Our group has
described a modification of immunotherapy to use peptide
fragments of cat allergen, which do not cross link IgE but
do interact with T cells in an MHC restricted fashion
(18, 19). Previous studies have shown that this peptide
therapy can reduce allergen-induced cutaneous responses
(both late phase and early phase) (18). In addition cat
peptide therapy reduced blood CD4 " T cell reactivity to
whole allergen, and this was accompanied by reduced Th2
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cytokine production but increased production of IL-10 (18,
19). We hypothesized that allergen peptide immunothera-
py might act to increase suppression by CD4" CD25" T
cells. In this study we have examined the effect of peptide
immunotherapy on peripheral blood CD4 " responses and
CD4" CD25" suppression of allergen-stimulated cultures
in a double-blind placebo-controlled trial.

Methods
Subjects and immunotherapy study design

Cat-allergic asthmatics were recruited from the allergy clinic of the
Royal Brompton Hospital, Imperial College London staff or by
advertisement. All studies were approved by the Ethics Committee
of the Royal Brompton and Harefield Hospitals NHS Trust, and
written informed consent was obtained.

Inclusion criteria for Fel d 1 peptide immunotherapy: volun-
teers, age 18-55 years, had a history of cat-allergic rhinitis and
asthma. Subjects gave a positive skin prick test (wheal diam-
eter > 5 mm) to cat dander (all ALK), in the presence of a
positive histamine and negative vehicle control. Volunteers had
withheld oral and inhaled corticosteroids for the 2 months prior
to the trial.

The study was randomized, placebo-controlled and double-blin-
ded. It involved 16 cat allergic asthmatics, eight received a mixture
of 12 Fel d 1 derived peptides and eight placebo. The 12 peptides
spanning chain 1 and 2 of the major cat allergen protein Fel d 1,
were synthesized and validated as previously described (19).

The subjects that passed the inclusion criteria returned for a
further 12 visits over a period of 30 weeks. Before and after peptide/
placebo therapy patients’ cutaneous, bronchial and nasal responses
to allergen challenge were measured and recorded (C. Alexander
unpublished data).

Peptide/placebo therapy began on visit 5. Peptides starting at 1 ug
were injected intradermally, followed by escalating doses (5, 10, 25,
50, 100, 100 pg) on subsequent visits. Pre- and post-peptide/placebo
therapy 2 x 150 ml peripheral blood was taken into heparinized
syringes and peripheral blood mononuclear cells (PBMCs) were
separated by density centrifugation on Histopaque (Sigma Chemi-
cals, Poole, UK). Extracted PBMCs were cryogenically stored in
foetal calf serum containing 15% DMSO (Sigma).

Cell separation and culture

The cell culture system with standardized cat allergen extract
(kindly supplied by Leti, Barcelona, Spain) was as previously
described (7). Briefly, CD4" T cells were isolated by negative
immunomagnetic selection, followed by positive selection for
CD25" T cells using MACS (Miltenyi, Bisley, UK). CD4 " cells
were enriched to a median of 95% pure, range 91-99%, and
CD25" a median of 78%, range 50-90%, as determined by flow
cytometric analysis. Cells were cultured in 96 well flat-bottomed
plates in triplicate at a density of 2 x 10° cells/ml in RPMI 1640
medium with 5% human AB serum, penicillin, streptomycin and
L-glutamine (Sigma) for 6 days with allergen extract added at
100 pg/ml. Autologous irradiated mononuclear cells were added
as antigen presenting cells to all cultures at a density of
2 x 10° cells/ml. In all cases triplicate medium control wells (no
allergen) were included as a negative control. Cultures were of
un-fractionated CD4", CD4" CD25% cells alone, CD4" CD25~
cells alone, or mixed CD4" CD25™ and CD4" CD25" T cells at
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a ratio of 2 : 1, or CD4™ CD25™ at 3 x 10° cells per ml to control
for increased cell density of the CD25/CD25 cultures. At day
6, 100 pl of supernatant was collected for cytokine analysis using
enzyme-linked immunosorbent assay (IL-13; Pelikine, CLB,
Amsterdam, The Netherlands) or Luminex Bead Array (IL-5, IL-
10 and IFNy; Luminex, Riverside, CA). Tritiated thymidine
(Amersham, Chalfont St Giles, UK) was then added for the final
6 h of culture after which cells were harvested and incorporated
radioactivity counted as index of proliferation. Data are expressed
as counts per minute, or stimulation indices (used to allow pre—
post therapy comparisons) which are calculated by comparing
Ag-containing wells with those containing medium alone.

Statistical analysis

The significance of placebo/active intra-group pre- and post-therapy
changes were determined using a nonparametric Wilcoxon matched
pairs test.

The significance of placebo and therapy inter-group pre- and
post-therapy changes were determined using a nonparametric
Mann—Whitney test.

Results

CD4* CD25" T cells suppress cat allergen-induced proliferation
of and cytokine production by CD4* CD25 T cells.

First, we sought to confirm that human peripheral blood
CD4" CD25" T cells from atopic allergic donors could
suppress cat allergen-induced proliferation and cytokine
production by CD25™ T cells. When cultured with cat
allergen for 6 days proliferation of CD4 " CD25™ T cells,
obtained from study subjects before treatment, was
significantly greater than that seen for the whole CD4"
population, whereas CD4" CD25" T cells showed
minimal proliferative response to allergen stimulation.
Addition of CD4™ CD25™ T cells to CD4 " CD25™ T cells
from the same donor resulted in significant suppression of
proliferation (Fig. 1A). Furthermore, CD4" CD25" T
cells also significantly suppressed cat allergen-stimulated
IL-13 production by CD4" CD25™ T cells (Fig. 1B).

Peptide immunotherapy reduces CD4" T cell responses to allergen

Peptide immunotherapy was well tolerated and resulted
in significant reduction in the late asthmatic response to
inhaled challenge to whole cat allergen (clinical data from
this study are presented elsewhere, C. Alexander et al.
unpublished data). In accordance with our previous
findings, in this double-blind placebo-controlled study
there was a significant reduction in cat allergen-induced
CD4" T cell proliferation and IL-13 production com-
paring data before and after treatment in those patients
randomized to active treatment but not in placebo-
treated patients. The effect of treatment was also signi-
ficant between groups for proliferation (Fig. 2). There
was no significant effect of treatment on production of
IL-5, IL-10 or IFNy (data not shown).



A 30000
& 20000 4
o
C
S
©
& 10000 -
£
* N
0 .
s < <f,’-’/ Qfa/
00 OOQ, )(C)Q C)O
b‘x Ob‘ ODX
& SR

B 200

E

g 100 A

[ep]

='I i i

< o < <«
P v v v
O O O
b‘x Qb‘ (ﬁ)x
& o &

Figure 1. CD4" CD25" T cells suppress allergen stimulated
T cell proliferation and cytokine production. Proliferation (A)
and interleukin (IL)-13 production (B) by cat allergen-stimula-
ted peripheral blood cells: CD4™ T cells, CD4" CD25™ T cells,
CD4*% CD25™ T cells, or mixed CD4" CD25" and CD4"
CD25™ T cells at a ratio of 1 : 2. Data are from 17 individual
donors and triplicate cultures for each, and show results before
treatment. Suppression by CD4" CD25" T cells (comparing
CD4"% CD25™ alone with CD4" CD25™ plus CD4" CD257) is
significant at P < 0.05 for both proliferation and IL-13 pro-
duction. CPMs is counts per minute for tritiated thymidine
incorporation.

Peptide immunotherapy does not alter suppressive activity
of CD4*CD25" T cells for cat allergen stimulated proliferation
or IL-13 production by CD4* CD25™ T cells

In contrast to the effect on whole CD4" T cells, the
suppressive effect of CD4" CD25" on cat allergen-
stimulated CD4" CD25 T cells was not different
comparing patients before and after peptide allergen
immunotherapy (Fig. 3). Nor was there any effect of
peptide therapy on suppression of allergen-induced IL-13
production (Fig. 3), or production of IL-5, IL-10 or IFNy
(data not shown).
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Figure 2. Peptide immunotherapy results in a reduction in cat
allergen-induced proliferation and interleukin (IL)-13 produc-
tion by CD4™ T cells. Proliferation of CD4™ T cells is shown as
stimulation index (ratio of counts per minute for stimulated to
unstimulated cells) before and after therapy for placebo-treated
and peptide-treated patients (A). The IL-13 production is shown
as pg/ml before and after therapy for placebo-treated (n = 6)
and peptide-treated (n = 8) patients (B).

Discussion

We show here, in a clinically effective double-blind,
placebo-controlled study, that although CD4" T cell
responses to cat allergen were significantly reduced by
peptide therapy, this had no effect on suppressive activity
of CD4" CD25" T cells in allergen-stimulated cultures.
We suggest that peptide immunotherapy may induce
T cell tolerance by mechanisms other than changes
in CD4" CD25" suppressive function.

First we confirmed in this group of patients with cat
allergy, that CD4" CD25" T cells had suppressive
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Figure 3. Peptide immunotherapy does not alter suppression of
allergen-stimulated T cells by CD4 " CD25" T cells. Percentage
suppression of allergen stimulated proliferation (A) and inter-
leukin-13 production (B) by CD4" CD25™ T cells by CD4"
CD25" T cells is shown before and after therapy for placebo
(n = 6) and peptide (n = 8) treated patients.

activity for both proliferation and IL-13 production
against cat allergen stimulated CD4" CD25™ T cells. It is
of note that this suppression was quite variable from one
patient to another, but this was not related to cat-specific
serum IgE or clinical symptom scores (data not shown).

Cat peptide immunotherapy was associated with a
reduction in CD4™ T cells reactivity to cat allergen, in
agreement with our previous studies (18, 19). However
there was no effect on CD4" CD25" T cell suppression.
Here we have studied peripheral blood responses, and it is
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possible that allergen-specific regulatory T cells are
recruited to sites of disease such as the airway. Nonethe-
less we were able to detect changes in blood CD4 " T cell
reactivity, which were not accompanied by changes in
suppression by blood CD4" CD25" T cells.

The numbers of patients in each group from whom
blood was available before and after treatment was
relatively small. It is therefore possible that a larger study
might detect differences in suppression by CD4 " CD25"
T cells before and after peptide therapy. However, given
the lack of any trend towards difference in either patient
group or between groups it seems unlikely that our failure
to find differences after peptide therapy simply reflects
type II error, particularly since we did see significant
changes for CD4 " T cell responses.

We detected significant suppression of IL-13 by CD4 "
CD25" T cells prior to therapy, and reduced allergen-
induced IL-13 production by CD4" T cells in those
patients treated with peptide, but saw no significant
changes in other cytokines measured. This may reflect the
sensitivity of assay systems used, the lack of consumption
of IL-13 in the cultures or other factors, but these data
are in accord with previous findings of allergen-cultured
human peripheral blood T cells (20). Certainly IL-13 is
implicated as an important effector cytokine in allergic
disease, particularly airway hyper-responsiveness (21-23),
which was the clinical endpoint showing significant
change with treatment in this study.

We, and others have previously shown increased pro-
duction of IL-10 after both peptide and whole allergen
immunotherapy (15, 16, 18, 19). Peptide given intraven-
ously or orally induced a CD4" CD25" regulatory
population in an animal model (24). In addition, IL-10
regulatory T cells have also been induced in animal models
by peptide therapy (25). It may be that allergen-peptide or
indeed whole allergen immunotherapy induces such I1L-10
regulatory T cells, which may be an inducible regulatory
subset that act in concert with naturally occurring CD4 ™~
CD25" T cells. However, in this study we saw no
significant change in IL-10 production, and the doses used
in animal models and human peptide tolerance regimens
are markedly different. Whilst it has been suggested that
IL-10 may be produced by CD4" CD25" T cells (16), we
and others have previously shown no effect of blocking IL-
10 on suppression by these cells (7, 26). Separate regulatory
T cell populations characterized by high IL-10 production
have been described in a variety of settings (25, 27, 28). It
thus remains to be confirmed whether peptide immuno-
therapy induces changes in T cell responsiveness by
induction of other regulatory T cell subsets, or by other
mechanisms such a deletion or redistribution of allergen-
reactive T cells. One possibility is production of IL-10 by
non-T cells (Verhoef et al. unpublished data). Further
studies will be required to compare these subsets.

A better understanding of the activity of immuno-
therapy in altering the balance between suppressors and
effector memory cells in allergic disease may allow use of



adjuvants, such as immunosuppressive drugs, to optimize
and simplify the immunotherapy treatment regimen.
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