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Summary
Background Specific immunotherapy with whole allergen extracts is associated with local

accumulation of IFN-g1 and CD251 cells indicating recruitment of activated T-helper type 1

(Th1) and/or T regulatory cells. We have studied allergen-induced, late-phase skin biopsies before

and after T cell peptide therapy for evidence of alterations in the pattern of local recruitment of Th1,

T-helper type 2 (Th2) and T regulatory cells.

Objective To evaluate the effect of T cell peptide therapy on the allergen-induced cutaneous late-

phase reaction.

Methods Increasing doses of synthetic Fel d 1-derived peptides were administered (by intradermal

injection) to eight cat-allergic asthmatics at 14-day intervals. Twenty-four-hour skin biopsies were

taken from whole cat allergen- and diluent-injected sites, before and after treatment and studied by

immunohistochemistry and in situ hybridization.

Results Fel-d 1 peptides decreased airway hyper-responsiveness (P5 0.02) and inhibited the late-

phase cutaneous reaction (LPCR) to whole cat allergen (P5 0.03). This was associated with

significant increases (post- vs. pre-treatment) in the number of cutaneous CD41/IFN-g1 (P5 0.03)

and CD41/CD251 cells (P5 0.04), but not in CD41/IL-101 or CD41/CTLA-41 cells.

Conclusions Treatment with allergen-derived T cell peptides results in allergen-dependent

recruitment to the skin of Th1, rather than T regulatory cells, to cutaneous late-phase reaction sites.
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Introduction

Allergen-specific immunotherapy (SIT) with allergen extracts
is known to be associated with a decrease in the magnitude of
the allergen-induced, late-phase cutaneous reaction (LPCR)
as well as alterations in the T-helper type 1/2 (Th1/Th2)
cellular cytokine profile. Thus, following treatment, the
expression of IL-4 and IL-5 mRNA and protein product
decreased, while IFN-g and IL-12 mRNA and protein1 cells
increased, suggesting that this form of therapy results in
a ‘switch’ from a Th2, to a Th1 cytokine profile [1, 2]. An
increase in the numbers of CD251 cells at skin sites chal-
lenged with intact allergens was also observed [1].
CD25 is expressed on activated T cells and on certain types

of regulatory T cells. T regulatory cells (Treg) have variable
patterns of cytokine secretion, although in a number of
murine and human disease models they are associated with
the elaboration of IL-10/transforming growth factor-b (TGF-
b) [3–7]. Both IL-10 [8–10] and TGF-b [11] are known to

exert immunosuppressive effects in vitro and in vivo and IL-10
is increased following successful SIT [12]. Regulatory T cells
frequently express the CD41 CD251 phenotype but fail to
proliferate in vitro following exposure to antigen. Expression
of enhanced surface levels of the costimulation molecule
cytotoxic T lymphocyte-associated antigen (CTLA)-4 has
also been reported to be a characteristic of regulatory cells in
certain models [13]. Two studies, one with venom immu-
notherapy [14], and one with grass pollen [15], have shown
that desensitization treatment was associated with allergen-
induced recruitment of IL-101cells, consistent with the view
that this form of treatment may be associated with local
recruitment of Treg.
The usefulness of SIT is limited by unpredictable anaphy-

lactic reactions because of IgE crosslinking. Short, allergen-
derived peptides have been evaluated as a potential ther-
apeutic approach to atopic allergic diseases since they have
the potential to inhibit T cell function but not induce
anaphylaxis, because of the loss of three-dimensional con-
formational determinants [16–18]. In a recent double-blind,
placebo-controlled study [19] we showed that overlapping
peptides from Fel d 1 inhibited both the early- and late-
phase skin reactions to whole cat allergen and improved
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toleration of cats. This was associated with a decrease in IL-4,
IL-13 and IFN-g production from peripheral blood mono-
nuclear cell (PBMC) cultures. In the same cultures, increased
production of IL-10 was observed.
Thus, based on previous studies of treatment with intact

allergen [14, 15] or peptides [18, 19], we hypothesized that
peptide immunotherapy would be associated with recruitment
of CD41/CD251 cells, expressing either Th1 or regulatory
cytokines, to sites of cutaneous allergen challenge.

Materials and methods

Human subjects

Eight cat-allergic asthmatic volunteers were recruited from
the Allergy Clinic, Royal Brompton Hospital, London and
by advertisement. The study was approved by the Royal
Brompton and Harefield Hospitals NHS Trust Ethics
Committee and informed consent was obtained from all
patients. Subjects were non-smokers with no other significant
illness and a normal full blood count and blood biochemical
profile. Inhaled corticosteroids were discontinued at least
2 days before assessment and each study day. No volunteer
had received oral corticosteroids previously. Volunteers were
specifically instructed not to take antihistamines, leukotriene
receptor antagonists or long-acting b2-agonists for 2 days
prior to each study day. Volunteers had a history of wheezing
on exposure to cats and demonstrated airway hyper-respon-
siveness (AHR), with a provocative concentration (PC20)
o4mg/mL histamine, and 420% reversibility with inhaled
b2-agonist. Cat allergy was confirmed with a positive RAST
(40.34 IU/mL; Pharmacia, Uppsala, Sweden) and a skin
prick test to whole cat dander (45mm, ALK, Horsholm,
Denmark). The histamine PC20 was measured by a modifica-
tion of the basic technique described by Cockcroft and
colleagues [20].

Study design, peptide synthesis and safety

Eight cat-allergic, asthmatic patients (four females/four
males, aged 28–46 (mean 40 years), three taking inhaled
corticosteroids, four were cat owners, with a mean cat RAST
of 30.3 (1.01–83.3) and histamine PC20 0.25–3.89 (mean
1.69)), were recruited and entered into an open study. Fel d 1
peptides were administered by intradermal injection in the
volar aspect of the forearm. The effects of peptide adminis-
tration on the cutaneous response to whole allergen challenge
and on bronchial hyper-reactivity measured by histamine
PC20 were assessed before and 4 weeks after therapy. Skin
biopsies were taken 24h after cutaneous cat dander challenge
(intradermal injection of 10 biological units (BU, ALK)
containing 1.5 ng Fel d 1 in 0.01mL), or diluent (ALK
diluent, 0.3mg/mL human serum albumin and 4mg/mL
phenol). Local skin reactions were observed after 15min
(early phase) and 24h (late phase). Overlapping peptides from
chains 1 and 2 of Fel d 1 were synthesized by F-moc
chemistry at the Advanced Biotechnology Centre (Imperial
College School of Medicine, London, UK). Mixing and dis-
pensing of the peptides under sterile conditions for single-patient
use were performed at Nova Laboratories Ltd (Leicester, UK).

The sequences were: Chain 1: EICPAVKRDVDLFLTGT;
EQVAQYKALPVVLENA; KALPVVLENARILKNCV; RI-
LKNCVDAKMTEEDKE; KMTEEDKENALSLLDK; KE-
NALSVLDKIYTSPL. Chain 2: LTKVNATEPERTAMKK;
TAMKKIQDCYVENGLI; SRVLDGLVMTTISSSK; ISSSK-
DCMGEAVQNTV; AVQNTVEDLKLNTLGR. Incremental
doses of Fel d 1 peptides (0.1, 1, 5, 10, 25mg; amount of each
peptide in an 11-peptide mixture) were given at two-weekly
intervals to reduce the incidence of peptide-induced late-phase
reactions during induction of hyporesponsiveness [21, 22]. The
forced expiratory volume in 1 s (FEV1) was recorded at 5, 15,
and 30min and hourly for 6h after each dose of peptides and
after the initial whole cat dander allergen challenge (control
day). A late-phase asthmatic reaction is defined as a reduction in
FEV1 of 420% below baseline measured between 1 and 6h
from peptide administration. There were no late-asthmatic
reactions in any of the patients studied, at any of the doses
administered. The greatest percentage decreases in the FEV1

(mean and standard error) below baseline during the observa-
tion period was diluent: � 3.1 (2.1), 0.1mg: � 5.8 (2.6), 1mg:
� 3.0 (3.1), 5mg: � 4.0 (1.9), 10mg: � 3.6 (0.7), 25mg: � 3.4
(2.6).

Intradermal testing and skin biopsies

All intradermal skin tests were performed between 08:00
and 09:00 hours. Reaction sizes were measured at 15min and
24h, and biopsies from each of the diluent and cat allergen-
challenged site were taken at 24 h. The biopsies were
processed and fixed as previously described [23], prior to
cryotomy and use in immunohistochemistry and in situ
hybridization analysis.

Immunohistochemistry

Cryostat sections (6–10mm) were freshly cut from biopsies,
mounted on 0.1% poly-L-lysine-coated slides and air-dried
overnight at 37 1C. Monoclonal antibody staining was detec-
ted by the alkaline phosphatase anti-alkaline phosphatase
method, as previously described [23]. Normal human
serum (NHS, 20%) was used to prevent non-specific binding
of the second- and third-layer antibodies. A mouse IgG1
myeloma protein was used as a negative control. The
monoclonal antibodies used were CD3, CD4, CD8, CD25,
anti-neutrophil elastase and human mast cell tryptase (Dako
Cytomation, Cambridge, UK). Polyclonal rabbit anti-mouse
Ig and APAAP reagents were also purchased from Dako
Cytomation.
For CD4 IFN-g double-staining slides were pre-treated

with 0.1% saponin/phosphate-buffered saline (PBS) for
30min and incubated overnight with goat anti-human IFN-
g (R & D Systems, Abingdon, Oxford, UK). Biotin anti-goat
Ig in saponin/PBS was added for 30min followed by a Vector
APAAP kit (Vector Laboratories Ltd., Peterborough, UK)
for a further 30min. The reaction was developed using Fast
Red substrate and was monitored under the microscope.
Endogenous peroxidase was blocked for 45min, washed with
PBS prior to staining for CD4 using a vector anti-mouse
peroxidase kit and Vector diamino-benzidine (DAB)1nickel
substrate. For both single and double enzymatic ICC, slides
were encoded and counted in a blinded fashion using an
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Olympus microscope (Olympus, London, UK). The number
of positive cells was counted in the whole section
with an eyepiece graticule at a magnification of � 200 and
expressed as the number of positive cells per mm2.
Double staining for CD25 and CD4 was performed by

fluorescent microscopy as previously described [24]. Brief-
ly, sections were incubated with mouse anti-human CD25
(Dako) overnight at room temperature followed by fluor-
escein isothiocyanate (FITC)-conjugated, rabbit anti-mouse
Ig. Sections were then incubated with phycoerthyrin (PE)-
conjugated, mouse anti-human CD4 and mounted with
fluorescent mounting medium (Dako). The slides were
analysed with a Leica TCS SP confocal laser scanning
microscope (Leica, Heidelberg, Germany) with a krypton
laser. For detection of FITC and PE, the 488 and 568nm
wavelengths were analysed. It was confirmed that there was
no fluorescein overlap between the green and red fluorescence
channels. The fluorescence of each channel was recorded
separately and an extended depth-of-focus image of all the
fluorescence within the slides was taken. Subsequently, the
images from the two channels were digitally superimposed in
pseudocolours to obtain all the information in one picture.
Omission or substitution of the primary antibody with a
mouse IgG1 was used as a negative control. Positive cells
were expressed as the number per square millimetre.
For double staining for CTLA-4 (CD152)/CD4 sections

were incubated with Biotin Block reagent (Vector Laboratories
Ltd) for 15min. Following washing, sections were incubated
with biotinylated mouse anti-human CTLA-4 in 10% NHS/
0.1% saponin/PBS overnight. After washing, the slides were
incubated with Streptavidin-DTAF (Jackson Immunoresearch
through Stratech Scientific, Luton, Beds, UK) in 5%NHS/PBS,
prior to incubation with CD4-PE (BD Biosciences, Oxford,
UK). Sections were mounted with fluorescent mounting medium
(Dako). Slides were analysed with a Leica TCS SP confocal
laser-scanning microscope and counted as above.

In situ hybridization

This was performed using 35S-labelled antisense riboprobe for
IL-5, IL-4, IFN-g, TGF-b and IL-10, described in detail
elsewhere [25, 26]. The number of positive cells was counted
as above. For double staining for CD4 immunohistochem-
istry (IHC) and IL-10 mRNA in situ hybridization (ISH), the
methods used and the counting were as above with CD4
staining prior to IL-10 mRNA ISH staining.

Statistical analysis

All paired between- and within-subject comparisons were anal-
ysed using a statistical package (Minitab release 7; Minitab
Inc., State College, PA, USA) with the Wilcoxon signed rank
test. A P-value of 0.05 or less was considered as significant.

Results

Adverse events

The treatment was in general well tolerated. However, one
patient experienced sneezing and cramping abdominal pains a
few minutes after the third dose of Fel d 1-derived peptides.

There were no signs of respiratory or haemodynamic dis-
tress. The patient was treated by intramuscular injection of
adrenaline. After the adrenaline injection, the patient vomited
and felt better. A blood sample, drawn 40min after treatment
with peptides, showed a tryptase level of 9.1 ng/mL (normal
range 2–14). The subject was removed from the study and
consequently is not included in the results. The absence of
respiratory and haemodynamic distress and normal tryptase
concentrations indicated that appreciable mast cell degra-
nulation typically associated with anaphylactic reactions
had not occurred. A second subject experienced an upper
respiratory tract infection immediately prior to the second
histamine PC20 measurement and was not included in that
analysis.

Non-specific bronchial hyper-reactivity and the
cutaneous late-phase reaction

Histamine PC20 was performed before and 4 weeks after the
treatment period. A significantly (P5 0.02) greater concen-
tration of histamine was required to induce a 20% reduction
in FEV1 following peptide treatment (Fig. 1a).
Intradermal injection of whole cat dander extract was also

performed prior to and 4 weeks after treatment with peptides.
A significant reduction (P5 0.03) in the magnitude (area in
mm2) of the late-phase reaction was observed at the post-
treatment time-point (Fig. 1b). No change was observed in
the early-phase reaction at this follow-up point.

Cell infiltration into skin biopsies

The changes in cell numbers at skin challenge sites (diluent
vs. cat allergen) were expressed as both ‘within-group’ and
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Fig. 1. Effect of T cell peptides on airway hyper-responsiveness and the
late-phase skin reaction. Incremental doses of histamine acid phosphatase
were inhaled using a breath-activated dosimeter in order to determine the
provocative concentration of histamine inducing a 20% decrease (PC20) in
baseline forced expiratory volume in 1 s (FEV1). Measurements were
performed at baseline and following a cumulative dose of 45 mg of each of
11 peptides derived from the sequence of Fel d 1. After peptide therapy,
higher concentrations of histamine were required in order to induce a 20%
reduction in FEV1. (b) Subjects were injected intradermally in the volar
aspect of one forearm with 10 biological units of whole cat dander allergen
extract (ALK-Abéllo, Copenhagen, Denmark) or diluent in the other arm.
The size of the ensuing cutaneous late-phase reaction was recorded at 24 h
post-challenge. Measurements were performed at baseline and repeated
2–8 weeks after completion of peptide therapy. Treatment resulted in a
statistically significant reduction in the magnitude of the cutaneous late-
phase reaction.
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‘between-group’ data. Since there was a small group of
subjects, the between-group data were further expressed
either as the D change (pre-treatment vs. post-treatment,
diluent and cat allergen) or simply as the cat allergen pre-
treatment vs. the cat allergen post-treatment values as
previously described [29]. As shown in Table 1, peptide
immunotherapy did not result in a significant change in the
recruitment of eosinophils, neutrophils, mast cells or CD31

cells. However, for eosinophils, neutrophils and CD31 cells,
both median values and range were greater after therapy. Al-
though there were no significant between-group differences,
there were significant within-group increases in allergen-
induced CD41 and CD81 cells in the post-treatment biopsies
(P5 0.01 and 0.03, respectively). Allergen challenge was
associated with elevated numbers of cells expressing CD25 in
the post-therapy, but not the pre-therapy biopsies (Table 1).
Furthermore, the between-group increase in CD251 cells
after peptides was significantly greater than before therapy (D
change P5 0.03; cat dander pre- vs. post- P5 0.04). Double
staining showed that the numbers of CD41CD251 cells were
significantly elevated post- but not pre-peptide treatment
(P5 0.02; Fig. 2a). Furthermore, the D change was significant
(P5 0.02; Fig. 2a) and there were significantly more
CD41CD251 cells at the cat dander challenged sites (pre-
treatment vs. post-treatment analysis) (P5 0.04; Fig. 2b).
Examples of double immunofluorescence staining for CD4
and CD25 are shown in Fig. 4a.
T cell peptide therapy did not alter allergen-induced

increases in Th2 cytokine gene expression (IL-4 and IL-5
mRNA1 cells) (Table 1). Following peptide treatment,
allergen challenge led to local skin recruitment of cells
expressing IFN-g mRNA (P5 0.02; Table 1). Double
staining for CD41 cells and IFN-g protein1 cells (IHC)
revealed a significant increase in the allergen-induced recruit-
ment of IFN-g1 cells co-localized to CD41 cells following
peptide therapy (Figs 3 and 4; Table 2). This was significant
when expressed as both the D change (P5 0.03) as well as

the pre-treatment vs. post-treatment cat dander-treated sites
(P5 0.03, Fig. 3b).
The numbers of cells positive for TGF-b1 mRNA increased

after allergen challenge in both pre-treatment (P5 0.02) and
post-treatment (0.01) groups (Table 1). Although there were
significantly more TGF-b1 mRNA1 positive cells following
peptide therapy when expressed as a D change (P5 0.04),
double ISH/ICC showed that most of these cells were
eosinophils with negligible numbers of CD41/TGF-b1

mRNA cells (data not shown).

Table 1. Cutaneous cellular infiltration and cytokine mRNA before and after Fel d 1 peptide treatment

Pre- Post-
D Pre-

vs. post- P

Cat allergen (pre-)

vs. cat allergen (post-)Diluent Cat P Diluent Cat P

Eosinophils 0 (0–1.5) 12.5 (0.7–50.3) 0.01 0 (0–6.3) 37.5 (1.8–203) 0.01 NS NS

Neutrophils 0.45 (0–19.2) 25.5 (9.8–101) 0.01 1.15 (0–9.4) 80 (29.1–147.0) 0.01 NS NS

Mast cells 12.9 (6.5–18.5) 15 (1.6–26.6) NS 8.4 (2.7–27.0) 15.0 (11.3–24.2) NS NS NS

CD3 9.1 (4.2–20.0) 25.8 (14.3–50.3) 0.02 10.5 (5.7–22.3) 39.5 (11.0–63.7) 0.01 NS NS

CD4 5.5 (0–24.9) 18.9 (0–39.2) NS 3.7 (1.1.–11.2) 18.8 (0.8–39.2) 0.01 NS NS

CD8 5.3 (0.5–13.6) 13.0 (1.8–29.0) NS 5.0 (0.5–9.4) 9.3 (1.3–22.4) 0.03 NS NS

CD25 3.9 (1.0–12.3) 6.7 (1.6–13.1) NS 3.3 (0.9–7.1) 11.9 (5.2–65.9) 0.02 0.04 0.03

IL-4 0.3 (0–2.4) 12.4 (1.8–19.3) 0.01 0.15 (0–1.6) 10.8 (2.4–17.1) 0.01 NS NS

IL-5 0.7 (0–1.1) 5.2 (2.9–12.5) 0.01 0.5 (0–1.6) 5.9 (2–10.5) 0.01 NS NS

IFN-g 0 (0–1.6) 1.3 (0–5.6) NS 0 (0–0.8) 1.5 (0–6.1) 0.02 NS NS

IL-12 0 (0–1.2) 5.1 (0.7–19.6) 0.01 0.5 (0–1.6) 5.7 (0.6–32.1) NS NS NS

IL-10 0 (0) 1.2 (0.3–4.4) 0.01 0.2 (0–0.5) 2.5 (0.7–5.1) 0.01 NS NS

TGF-b 2.4 (0.9–4.9) 9.4 (1.2–23.8) 0.02 1.7(0.9–3.3) 12.8 (6.3–40.0) 0.01 NS 0.04

Eight volunteers had two skin biopsies taken 24 h after diluent and whole cat allergen (10 biological units, ALK) challenge, before (pre-) and after (post-) Fel d 1

peptides. The data are shown as the cell count median and (range) for each phenotypic cell marker (immunohistochemistry) and for each mRNA-positive cell for

cytokines (in situ hybridization). Cell counts at allergen sites are compared with counts at diluent sites using the Wilcoxon signed rank test (P). Significance

P40.05. Pre-cell counts at allergen sites are compared with post-cell counts at allergen sites (D pre vs. post). The cat allergen pre- vs. the cat allergen post-values

were also calculated as between-group differences.

TGF-b, transforming growth factor-b; NS, non-significant.
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Fig. 2. Effect of T cell peptides on the recruitment of CD41CD251 cells to
sites of allergen skin challenge. Punch biopsies were taken from the sites of
allergen or diluent challenge after 24 h. Biopsies were sectioned and used
to quantify numbers of infiltrating CD41CD251 cells both before and after
peptide therapy. (a) Cutaneous challenge with whole cat dander allergen
extract results in the recruitment of CD41CD251 cells (between-group D
change). (b) Comparison of numbers of CD41CD251 cells at sites of
allergen challenge before and after peptide therapy (between-group pre-
allergen vs. post-allergen).
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Peptide therapy had no significant effect on the whole cat
allergen-induced increases in the numbers of cells expressing
IL-10 mRNA as measured by ISH (Table 1). Double staining
for CD41 cells (IHC) and IL-10 mRNA1 cells (ISH) showed
no significant changes in the numbers of CD41IL-101 cells
either within or between groups (Table 2).
Double staining for CD41CTLA-41 cells (by immuno-

fluorescence) also revealed no effect of peptide administration
on CD41CTLA-41 T cell numbers within or between groups
(Table 2).

Discussion

The purpose of this study was to determine whether T cell
peptides had a similar effect on Th cell recruitment to
allergen-challenged tissue sites to that previously reported for
conventional SIT [1]. We have already performed a double-
blind, placebo-controlled study in which we demonstrated
that the peptides inhibited the early- and late-phase skin
reactions to whole cat extract [19]. For this reason we did not
feel it necessary to have a control (placebo-treated) group for
the present design, especially as all the tissue sections were
counted in a blind fashion. The peptides had a biological
effect as shown by two objective parameters, i.e. a reduction
in non-specific bronchial hyper-reactivity (an indirect index of
airway inflammation) and a decrease in the whole allergen-
induced late-phase skin reaction. However, since these two
observations were performed in an ‘open’ fashion we cannot
totally exclude some observer bias.
In our original observation we showed that skin biopsies

of allergen-injected sites, taken before and after allergen-
SIT, were characterized by an apparent shift in Th2 to Th1
cytokine balance together with an increase in the numbers

of CD251 T cells [1]. At the time, this observation was
interpreted as being indicative of the activation of Th1 cells
and since that time, a major focus in developing novel forms
of immunotherapy has been to induce allergen-specific Th1
responses.
However, it is now appreciated that the CD41CD251

phenotype is also characteristic of T regulatory cells. The
mechanisms through which CD41CD251 T cells and other
cell types exert their immunoregulatory effects remain
incompletely defined, but have been associated in some
models with cell–cell contact [6, 27, 28] and in others with
the release of regulatory cytokines such as IL-10 or TGF-b
[4, 5, 7].
Recently, Francis et al. [29] have shown that grass pollen

immunotherapy results in a population of circulating T cells
that express the IL-101CD41CD251 phenotype in response
to allergen restimulation. Jutel and colleagues [30] demon-
strated decreased production of Th1 and Th2 pro-inflamma-
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Fig. 3. Effect of T cell peptides on recruitment of CD41IFN-g1 cells to
sites of allergen skin challenge. Punch biopsies were taken from the sites of
allergen or diluent challenge after 24 h. Biopsies were sectioned and used
to quantify numbers of infiltrating CD41IFN-g1 cells both before and after
peptide therapy. (a) Cutaneous challenge with whole cat dander allergen
extract resulted in the recruitment of CD41IFN-g1 cells (between-group D
change). (b) Comparison of numbers of CD41IFN-g1 cells at sites of
allergen challenge before and after peptide therapy (between-group pre-
allergen vs. post-allergen).
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Fig. 4. Labelling of CD41 T cells in allergen-induced late-phase skin
reactions. Tissue sections (6–10 mm) were prepared from punch biopsies
(24 h) obtained from cutaneous allergen challenge sites following peptide
immunotherapy. (a) Double immunofluorescence labelling of cells expres-
sing CD4 and/or CD25. Single (CD41 or CD251) and double-stained
(CD41CD251) cells are indicated. (b) Double immunohistochemical
labelling of cells expressing CD4 and/or IFN-g. Single positive CD41 T
cells, single positive IFN-g cells (predominantly eosinophils) and double-
stained CD41IFN-g1 T cells are indicated.
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tory cytokines combined with increased IL-10 and TGF-b
following SIT for house dust mite or birch pollen sensitivity.
Increased production of IL-10 has also been associated with
favourable clinical responses to SIT for bee venom [12]
and wasp venom sensitization [14]. Thus, taken together, the
presence of increased numbers of CD41CD251 T cells and
increased expression of IL-10 may imply a role for regulatory
T cells in addition to Th1 cells in successful whole allergen
immunotherapy.
In a previous clinical study of peptide immunotherapy, we

observed increased production of IL-10 by PBMC, accom-
panied by decreased production of Th1 and Th2 cytokines
[19]. Furthermore, results from the present study indicate
that peptide therapy also induced a local population of
CD41CD251 cells. The two observations support the concept
that peptide immunotherapy may induce IL-10-producing
regulatory T cells. However, we observed no increase in
mRNA for IL-10 in allergen-challenged skin. In fact,
cutaneous challenge was associated with the recruitment of
CD41/IFN-g1 T cells. No change was observed in the total
number of IL-10 mRNA1 cells or in the numbers of cells
expressing other putative markers of regulatory T cell func-
tion such as TGF-b and CTLA-4 (Tables 1 and 2).
There were allergen-induced increases in the number of

cells expressing mRNA encoding TGF-b1 in the pre- and
post-peptide-treated skin biopsies (Table 1). However, the
between-group analysis did not achieve statistical signifi-
cance. Furthermore, no changes were seen in overall CTLA-4
expression in biopsy sections before and after therapy, or in
CD41/CTLA-41 cells (Table 2). A role for enhanced levels of
surface expression of CTLA-4 on T cells cannot be excluded
since the staining techniques used did not distinguish between
surface and intracellular protein expression.
Our previous report of elevated levels of IL-10 production

from 6th day PBMC cultures in response to allergen challenge
in vitro following peptide therapy was not reproduced in the
skin. The reason for this may be that IL-10 production in
allergen/PBMC cultures appears to be primarily monocyte-
derived (unpublished observations) at the 24 h time point
(time of skin biopsy). A recent study of whole allergen
immunotherapy demonstrated significant increases in IL-10
expressing cells at mucosal sites of natural allergen challenge
[15]. A potentially important effect of peptide immunotherapy
may be to indirectly modulate IL-10 production by mono-
cytes and this is currently under investigation. Similarly, IFN-
g production in response to allergen in the skin was increased
in contrast to decreases in production of the same cytokine by
PBMCs in earlier studies [18, 19]. Thus, the discrepancies in

these findings may reflect differences in the physical location
of tissue sampling, the cellular source of cytokine production
and the fact that PBMC were not specifically localized, by
allergen challenge in vivo, prior to sampling.
We also need to attempt to reconcile our observations

with an earlier report in which we showed that IL-101 cells
increased in cutaneous biopsies of patients undergoing wasp
venom immunotherapy [14]. Either there are fundamental
differences between peptide therapy and SIT, or the profile of
infiltrating Th cells may be related to the intensity of therapy.
Thus, the subjects in the present study had only 45mg of
peptide mixture over the study period. Higher dosing over
longer periods of time may induce Th cells with a more
regulatory cell profile. However, the regimen used in this
study was sufficient to induce activated Th1-like cells and to
have clinical effects, i.e. changes in AHR and inhibition of the
late-phase reaction.
In summary, skin biopsies taken from sites of allergen

challenge before and after therapy demonstrate that peptide
treatment is associated with immunomodulation character-
ized by recruitment of increased numbers of CD41 CD251 T
cells and increased numbers of CD41 cells producing IFN-g.
In contrast to findings in the blood with previous peptide
studies, and the skin in previous SIT studies [14, 18, 19],
cutaneous responses to allergen using the current experi-
mental design were not associated with elevated expression of
the regulatory cytokine IL-10 following peptide treatment.
The results described in this study are compatible with

a role for enhanced Th1 responses in the skin following
successful peptide immunotherapy. Previous findings in ex
vivo cultures of blood cells are consistent with IL-10-
dependent regulation, but the majority of the IL-10 may be
monocyte-, rather than T cell-derived. The findings are
consistent with observations in whole allergen immunother-
apy and may help to elucidate the mechanisms underlying
effective immunomodulation.
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Table 2. Expression of activation markers and cytokines in CD4 cells in biopsies from allergen challenge sites before and after Fel d 1 peptide treatment

Pre- Post-
D Pre-vs.

post-P

Cat dander (pre-) vs.

cat dander (post-)Diluent Cat P Diluent Cat P

CD4 CD25 3.2 (2.1–11.5) 9.4 (2–18.90 NS 5.8 (1.9–17.2) 20.5 (1–28.5) 0.02 0.04 NS

CD4 IFN-g 0 (0) 1.7 (0–4.6) 0.02 0.16 (0–1.3) 10.1 (0.6–26) 0.01 0.03 0.03

CD4 IL-10 0 (0) 0.35 (0–1.2) NS 0 (0) 0.55 (0–1.6) NS NS NS

CD4 CTLA-4 0 (0–2.2) 0.7 (0–2.7) NS 0.4 (0-2.8) 1.7 (0.5–17) NS NS NS

The data are shown are the cell count median and range. The analysis was performed as shown in Table 1.

NS, non-significant.
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