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Age-related T cell responses to allergens in childhood
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Summary

Background T cell priming, as determined by allergen-induced proliferative responses, is believed
to occur principally in early childhood in both atopic and non-atopic infants under the influence of
multiple factors including environmental allergen exposure. It is considered that T cell priming with
expansion of Th2 cells is a crucial factor in the development of atopic disease.

Objective To examine T cell priming to commonly encountered allergens in childhood in relation to
age.

Methods In a cross-sectional study T cell proliferation in relation to age was examined for three
common allergens, ovalbumin (OVA), house dust mite (HDM) and rye grass pollen (RYE), in atopic
and non-atopic children. The effect of age on Thl (IFN-y) and Th2 (IL-5 and IL-13) cytokine
production in response to these allergens was investigated to examine the possibility of immune
deviation with time.

Results A significant increase in T cell proliferation with age was observed with RYE among atopic
children only. However, the same was not observed with the two other allergens studied (i.e. OVA
and HDM). In addition, RYE-induced (but not HDM or OVA) cytokine production showed an
increased Th2 deviation with age as reflected in the increasing IL-5/IFN-y and IL-13/IFN-y ratios
only among the atopic subjects with rye grass pollen sensitivity.

Conclusion These findings suggest that grass pollen sensitivity in childhood is accompanied by
a progressive accumulation of allergen-primed T cells and progressive deviation of the allergen-
induced cytokine response towards a Th2 response in atopic subjects throughout childhood.
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Introduction

T lymphocytes are critical for the initiation and maintenance
of the allergic inflammatory responses that develop following
cellular activation leading to a cascade of responses, including
cytokine and IgE production and inflammation [1]. T cell
priming giving rise to an allergic phenotype is believed to
occur in early childhood under the influence of multiple factors
including genetic predisposition and environmental determin-
ants such as allergen exposure. T cell priming to allergens occurs
in both atopic and non-atopic infants [2-6]. A principal way of
determining T cell priming is by measurement of the prolifera-
tive response to allergens. This methodology has suggested that
priming of T cells can commence in utero as shown by low levels
of allergen-induced proliferation in cord blood [7]. During
childhood, it has been postulated that consolidation of the
immune response with expansion of either Thl or Th2 cells
occurs and that this expansion of allergen-reactive T cells will
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be reflected in an increasing proliferative response to allergen
[3]- T cell priming to inhalant allergens has been considered to
occur principally in early childhood and adult patterns to be
established within the first 5 years of life [4, 8]. These conclu-
sions have been reached utilizing house dust mite (HDM) [8]
and apart from a few studies conducted in infants and pre-
school children [3, 7], there are few data on the development
of allergen reactive T cell populations to grass pollen allergens
throughout childhood.

The investigation of changes in T cell reactivity to rye grass
pollen (RYE) allergens in childhood is of great interest as,
unlike sensitivity to common food and other allergens, such as
HDM, which generally develops in the first years of life, sensi-
tization to rye grass pollen occurs in later childhood [9, 10]. In
addition, the principal clinical manifestation of this rye grass
pollen sensitivity (i.e. hayfever) develops progressively through-
out the childhood and teenage year’s [11]. It is likely that the
natural history of grass pollen allergen sensitization, as com-
pared with that of foods and HDM, is related to the seasonal
nature of allergen exposure to grass pollen. It may also be
possible that the differences in sensitization to HDM and
RYE in childhood would be reflected in differing patterns of
T cell proliferation, with a progressive increase occurring to
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RYE throughout childhood. The intermittent nature of grass
pollen exposure contrasts with the more constant exposure to
food and HDM allergens that are continuously present in the
diet and environment and thus provide more opportunity for
allergen presentation and priming of the T cell repertoire in
early childhood. In this study we examined allergen-induced
T cell proliferation in relation to age for three common aller-
gens, namely ovalbumin (OVA), HDM and RYE. In addition,
theeffect of age on Th1 (IFN-y) and Th2 (IL-5 & IL-13) cytokine
production in response to these allergens was investigated to
determine evidence for immune deviation with time.

Materials and methods

Reagents

Reagents used were: AIM-V medium (Gibco-BRL, Grand
Island, NY, USA) supplemented with 5x10-5m B-
mercaptoethanol (B-ME; ICN, Costa Mesa, CA, USA);
staphylococcal enterotoxin B (SEB) (Sigma Chemical Co.,
St Louis, MO, USA); avidin-peroxidase (Sigma Chemical Co.);
Ficoll-Hypaque (Pharmacia, Uppsala, Sweden); monoclonal
antibodies (MoAbs) (clone number) (Pharmingen, San Diego,
CA, USA): anti-IFN-y (NIB42), biotinylated anti-IFN-y (4S.
B3), anti-IL-5 (TRFKS5), biotinylated anti-IL-5 (JESI-5410),
anti-IL-13 (JES10-542), biotinylated anti-IL-13 (B69-2), anti-
IL-4 (8D4-8), biotinylated anti-IL-4 (M P4-25D2); recombinant
human (rh)-IFN-y, rh-1L-5, rh-IL-13, rh-IL-4 (Pharmingen San
Diego, CA, USA) were used as standards; [6-°H] thymidine
(Amersham Life Science, Buckinghamshire, UK); TMB (3, 3/,
5, 5'-tetramethylbenzidine) substrate (KPL, Gaithsburg, MD,
USA).

Patients

Heparinized venous blood samples were obtained from:

e Fifty-three healthy children (non-atopic) with a median age
of 5.7 years (range: 5 months to 15 years) who were admitted
for elective surgery at the Royal Children’s Hospital (i.e.
circumcisions, herniotomies, orchidopexies, squint repairs
or orthopaedic procedures). These children had no history
of atopy on clinical questionnaire enquiring into past or
present history of atopic disease and had plasma IgE levels
within the normal range for their age (median 20.1 kU/L;
range 4 to 128 kU/L) and negative allergen-specific IgE to
the three allergens tested, i.e. egg white, house dust mite and
rye grass pollen. Blood was obtained immediately on anaes-
thetic induction.

e Fifty-nine children (atopic) had a clinical diagnosis of atopic
disease made by a consultant paediatric allergist: eczema
(n=15); asthma (n=2); rhinitis (n=5); eczema and asthma
(n=11); asthma and rhinitis (#=06); eczema and rhinitis
(n=4); (eczema, asthma and rhinitis (n = 16). The definitions
of the conditions were consistent with those utilized in the
ISAAC study [12]. Thus asthma was defined as wheezing or
whistling in the chest in the last 12 months, allergic rhinitis as
a problem with sneezing, or a runny, or a blocked nose when
you did not have a cold or the flu in the last 12 months, and
eczema as an itchy rash that was coming and going for at least
6 months and affected any of the following places: the folds of
the elbows, behind the knees, in front of the ankles, under the

buttocks, or around the neck, ears or eyes The median age
was 5.9 years (range: 3 months to 16 years). All children had
elevated IgE levels for their age (median IgE: 670 kU/L; range
25 to 118000) and at least one positive allergen specific IgE
(UniCAP) test: egg white (EW) (n=15); house dust mite
(HDM) (n=13); rye grass pollen (RYE) (n=4); HDM and
RYE (n=22); EW and HDM (n=2); EW and RYE (n=1);
EW, HDM and RYE (n=12). The age distribution for aller-
gen-specific sensitization was as follows: HDM-sensitive
patients, median age 6.75 years, range 1 to 14 years; RYE-
sensitive patients, median age 6.75 years, range 10 months to
16.25 years; OVA-sensitive patients, median age 2.29 years,
range 7 months to 12.9 years. Forty per cent of RY E-sensitive
patients and 31% of RYE non-sensitive patients had blood
collected during rye grass pollen season. Informed consent
was obtained from a parent/guardian of all subjects and the
study was approved by the ethics committee of the Royal
Children’s Hospital, Melbourne.

Allergen preparation

House dust mite (HDM) (Dermatophagoides pteronyssinus)
(CSL, Melbourne, Australia) was prepared according to the
method of Stewart et al. [13]. Briefly, crude HDM was hom-
ogenized in PBS, clarified by centrifugation, dialysed in 0.05 m
ammonium bicarbonate overnight, freeze dried and stored in
aliquots at — 70 °C. Aliquots were reconstituted in PBS; filter
sterilized (pore size 2 pum) and stored at — 70 °C until required.
Rye grass pollen (Lolium perenne) extract (RYE) (Greer La-
boratories, Lenoir, NC, USA) was prepared according to pre-
viously published methods [14]. Aliquots were stored at — 70 °C
until required. Grade II ovalbumin (OVA) (Sigma Chemical
Co.) was dissolved in PBS, clarified by centrifugation, filter
sterilized (pore size 2pum) and then stored at — 70 °C until
required.

Total and specific IgE

Total IgE and allergen-specific IgE levels were determined by
UniCAP total IgE and specific IgE fluoroenzyme immuno-
assays (Pharmacia & Upjohn Diagnostics Uppsala, Sweden).
Levels of total IgE are expressed in kU/L with the normal range
according to age: 0.5t0 0.7 years, 0 to 20 kU/L; 0.7 to 1 year, 0 to
25kU/L; 1 to 2 years, 0 to 35kU/L; 2 to 4 years, 0 to 130 kU/L;
4 to 7years, 0 to 150 kU/L; > 7 years, 0 to 200 kU/L [15]. Aller-
gen-specific IgE levels are expressed as kU/L, with levels above
0.7 kU/L considered positive.

Cell cultures

Peripheral blood mononuclear cells (PBMC) were separated
from heparinized blood by Ficoll-Hypaque density gradient
centrifugation. The PBMC layer was washed three times with
sterile PBS. PBMC were cultured at a concentration of
1 x 10%cells/mL in AIM-V with B-ME at 37 °C in a humidified
atmosphere with 5% CO,. Maximal proliferation was found to
occur with the following concentrations: superantigen (1 pg/mL
SEB) and purified allergen (HDM 10 pg/mL, RYE 20 pg/mL,
OVA 100 pg/mL). These concentrations were then chosen for
use in cell culture for both proliferative responses and cytokine
production. An unstimulated sample was included for each
patient. SEB is a suitable polyclonal stimulus as it may have
relevance to atopic disease [16].
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Cell proliferation

PBMC (1 x 10° cells) were cultured in a volume of 100 UL per
well in triplicate for 48 h (SEB) or 7 days (allergen) in parallel
with media alone. Sixteen hours before harvesting onto glassfi-
bre filter paper they were pulsed with 0.5-uCi tritiated thymi-
dine per 1 x 10° cells. Radioactivity was measured by liquid
scintillation (beta counter) and proliferation was expressed as
a stimulation index (SI), which is expressed as the ratio of
counts per minute of the mean of unstimulated to stimulated
samples.

Cytokine production

For cytokine production PBMC (1 x 10° cells) were cultured in
volumes of 1000pL. Preliminary time course experiments
revealed allergen-induced maximal IL-5, IL-13 and IFN-y pro-
duction at 6 days, at which time cell cultures were centrifuged
and cell free supernatants were collected and stored at — 70 °C
until cytokine measurements were performed. IFN-y, IL-4,
IL-5 and IL-13 were assayed by sandwich ELISA. Briefly,
high binding ELISA plates were coated with purified capture
MoAb (IFN-y, IL-4, IL-5 or IL-13) at a concentration of 1 pg/
mL in carbonate buffer (pH 9.6) and incubated overnight at
4°C. Plates were blocked with PBS-Tween-10% fetal calf
serum (FCS) for 2h, washed and samples incubated at room
temperature for a further 4h. After washing, biotinylated
MoAb (IFN-vy, IL-4, IL-5 or IL-13) at 0.5 pg/mL was added
and incubated at room temperature for 45 min, after which
avidin-peroxidase (1:400 of 1 mg/mL) was added. After final
washing, TMB substrate (KPL) was added and the reaction
stopped by addition of H,SO,. Plates were read at 450 nm on
a spectrophotometer. All standards and samples were per-
formed in duplicate, and the data were analysed using Biomek
1000 data reduction software (Beckman, Fullarton, CA, USA).
Minimum detection levels were calculated by Biomek 1000
software and were IFN-y 10 pg/mL, 1L-4 2 pg/mL, IL-5 10 pg/
mL and IL-13 5pg/mL. Allergen-induced IL-4 production was
very low or below the limit of detection. The IL-5/IFN-y and
IL-13/IFN-y ratios were calculated as IL-5 or IL-13 in pg/mL
divided by IFN-y in pg/mL.

Statistical analysis

Proliferation was expressed as a stimulation index (SI), which
is expressed as the ratio of counts per minute of the mean of
unstimulated to stimulated samples. Regression analysis was
used to evaluate the effect of age on allergen-induced T cell
proliferation and cytokine production. A test of interaction
was used to compare the age effect between atopics and con-
trols. Comparison of the magnitude of proliferative responses
among non-atopic vs. atopic children was performed by com-
paring the slopes of the two regression lines examining the term
representing the interaction between status and age in the
model. Data were analysed using Stata statistical software:
release 5 (StataCorp 1997 College Station, Texas, USA).

Results

Proliferative responses

The proliferative responses to the superantigen, staphylococcal
enterotoxin B (SEB), an ingested allergen, OVA and two
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inhalant allergens, HDM and RYE, were examined in controls
(Figs 1a—d) and patients (Figs 2a—d). Regression analysis of age
vs. proliferative response revealed a significant relationship
between age and proliferative response among atopic children
to RYE (P =0.0007, r=0.45) (Fig. 2d) that was not apparent
among the non-atopic controls (P=0.3, r=0.2) (Fig. 1d).
There was no age-related effect on proliferation to SEB
(P=0.4, r=0.12) (Fig. la), OVA (P=0.1, r=0.2) (Fig. 1b) or
HDM (P=0.1,r=0.2) (Fig. 1c) among the non-atopic controls
or atopic patients: SEB (P=0.9, r=0.02, Fig. 2a); OVA
(P=0.5,r=0.09, Fig. 2b) or HDM (P =0.8, r=0.02, Fig. 2c).
Further subgroup analysis of patients according to sensitization
status to RYE allergen revealed a significant relationship be-
tween proliferation and age only among the patients sensitized
to RYE (P=0.005, »=0.48) but not in those who were not
sensitized to RYE (P=0.5, r=0.1) (data not shown). In add-
ition the proliferative response to RYE was significantly related
to age in atopic children with the symptom of rhinitis
(P=0.0173, r=0.45). No significant relationship with age was
observed in proliferative responses to OVA in egg-sensitized
patients (P =0.08, r=0.46) (although there appeared to be a
trend towards decrease in proliferative response with advancing
age) or to HDM in HDM-sensitized patients (P =0.7, r =0.04).
Comparison of the magnitude of proliferative responses among
non-atopic vs. atopic children based on the comparison of the
two regression lines revealed a significantly greater stimulation
only to rye allergen (P =0.0007 for test of interaction).

Allergen-induced cytokine production

In order to determine whether the increased proliferation in
response to RYE was related to expansion of Thl or Th2
subsets we examined allergen-induced cytokine production in
non-atopic controls and atopic groups. To examine the Th2/
Th1 balance, we determined the IL-5/IFN-y and IL-13/IFN-y
ratios with respect to age among control and atopic children.
There was no significant relation between age and the cytokine
ratio in non-atopic children for either HDM or RYE stimula-
tion (data not shown). Similarly, there was no significant rela-
tion to age with HDM as a stimulus in the atopic group (IL-5/
IFN-yratio, P=0.7, r=0.06; IL-13/IFN-yratio, P=0.6
r=0.11) (data not shown). However, there was a relation to
age with RYE in the atopic group (IL-5/IFN-y ratio, P = 0.0016,
r=0.6; IL-13/IFN-y ratio, P =0.07, r =0.36). When the atopic
group was examined according to rye sensitization, the associ-
ation between IL-5/IFN-y ratio and IL-13/IFN-y ratio and age
was observed only among the RYE-sensitive children (IL-5/
IFN-yratio, P=0.001, r=0.73; IL-13/IFN-y ratio, P =0.014,
r=0.616) (Figs 3a,c) but not among the non RYE-sensitive
atopic children (IL-5/IFN-yratio, P=0.4, r=0.26; IL-13/
IFN-yratio P=0.6, r=0.15) (Figs 3b,d). In the subjects with
rhinitis there was no association between age and the RYE-
induced IL-5/IFN-y ratio (P=0.77, r=0.01) or IL-13/IFN-y
ratio (P=0.9, r=0.00). There was a significant relation be-
tween RYE-induced IL-5 production and age in the atopics
(P=0.04, r=0.27) that was not apparent in control (P =0.6,
r=0.08) children. There was no significant relation between
RYE-induced IFN-y and IL-13 production and age in either
the controls (IFN-y, P=0.3,r=0.1;IL-13, P=0.8,r=0.02) or
atopic (IFN-y, P=0.8, r=0.03; IL-13, P=0.6, r=0.07) chil-
dren (data not shown). There was no significant relationship
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Fig. 1. Age-related proliferative responses in non-atopic children. PBMC proliferative responses were examined to (a) SEB, (b) OVA, (c) HDM and (d)
RYE in non-atopic children (n=53) according to age in years. Data are represented as a stimulation index (Sl) (ratio of counts per minute of mean of
unstimulated to stimulated sample). Regression analysis was used to evaluate the effect of age on allergen-induced T-cell proliferation. A regression

line represents the relationship between proliferation and age.

with age for HDM-induced cytokine responses in the HDM-
sensitized patients (IFN-y, P=0.35, r=0.14; IL-5, P=0.186,
r=0.2; IL-13, P=0.46, r=0.11), nor for OVA-induced cyto-
kine responses in the OV A-sensitized patients (IFN-y, P =0.47,
r=0.19; IL-5, P=0.69, r=0.1; IL-13, P=0.77, r=0.07). Al-
lergen-induced I1L-4 production was very low or below the limit
of detection.

Discussion

In this study we have investigated the association between
proliferative responses to allergens and age to examine T-cell
priming in childhood. We found significant increase of prolif-
erative response with age in response to RYE allergens only
among the atopic but not control children. However, the same
was not observed with the two other allergens studied (i.e. OVA
and HDM). There was no significant relation between age and
stimulation by the polyclonal stimulus SEB, which indicates
that the changes seen with RYE grass are not due to a general-
ized increase in proliferative capacity with age. In addition,
examination of allergen-induced cytokine production revealed
an increased Th2 deviation with age as shown by the increasing
IL-5/IFN-y and IL-13/IFN-y ratio among RYE-sensitive but
not HDM-sensitive atopic subjects. It was not possible to assess

the IL-4/IFN-v ratio as only low levels of allergen-induced I1L-4
could be detected and special measures such as blocking of cell-
associated IL-4 receptors may be required to detect significant
levels [17]. In a previous paper [18] we showed that both Thl
(IFN-y) and Th2 cytokines were increased in response to aller-
gen (RYE, HDM, OVA) stimulation in atopic children and
concluded that both Thl and Th2 responses to allergens con-
tribute to the inflammatory responses that lead to atopic dis-
ease. However, in that study the relationship to age and the
IL-5/TFN-y and IL-13/IFN-y ratios were not examined. The
present findings, which have examined the relationship with
age, indicate that despite the elevated rather than reduced aller-
gen-induced IFN-y the Th2/Thlcytokine ratios increased with
age, suggesting a progressive Th2 deviation with time in the
response to RYE allergen. Furthermore the RYE-induced Th2
deviation was restricted to those with evidence of specific IgE
antibodies to the allergen. The lack of a significant association
between RYE-induced Th2 cytokine deviation and age in the
group of children with symptoms of rhinitis may be a reflection
of the median age of this group being 7.7 years and that peren-
nial rhinitis, in which sensitization to allergens other than RYE,
such as HDM, is likely to be more significant, is the predomin-
ant manifestation of rhinitis in early and middle childhood.
Although this is a cross-sectional and not a longitudinal
study, the findings suggest that grass pollen sensitivity in

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 33:317-324
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Fig. 2. Age-related proliferative responses in atopic children. PBMC proliferative responses were examined to (a) SEB, (b) OVA, (c) HDM and (d) RYE in
atopic children (n=59) according to age in years. Patients sensitized to the allergen under investigation are represented as shaded circles. Data are
represented as a stimulation index (Sl) (ratio of counts per minute of mean of unstimulated to stimulated sample). Regression analysis was used to
evaluate the effect of age on allergen-induced T-cell proliferation. A regression line represents the relationship between proliferation and age.

childhood is accompanied by a progressive accumulation of
allergen-primed T cells and progressive deviation of the aller-
gen-induced cytokine response towards a Th2 response in
atopic subjects. This phenomenon of increasing allergen-
responsive T cells and Th2 deviation throughout childhood
appears specific for RYE as it was not observed with HDM or
OVA. Sensitization to rye grass is antecedent to the develop-
ment of hayfever and develops progressively throughout child-
hood and the teenage years [9-11]. Hayfever is predominantly a
disease of older children and adults. In one study the mean age
of onset of seasonal allergic rhinitis has been reported as
10.6 years [19]. The prevalence of sensitization and seasonal
allergic rhinitis symptoms were low during early childhood
(< 2%) and increased steadily with age from 2.6% at 2 years to
15.3% by the age of 7 years in a prospective birth cohort study
[11]. At least two seasons of pollen exposure were required for
sensitization to pollen allergens, which developed prior to clin-
ical manifestations in 56% of the patients [11]. While the reasons
for this later onset of seasonal rhinitis, as compared to other
atopic symptoms, are unclear, the present results indicate a
possible immunological basis, with progressive Th2 deviation
and expansion of allergen-reactive cells occurring throughout
childhood. It is possible that disease manifestations will only
occur once the Th2 immune response reaches a certain thresh-
old. The present study suggests that the childhood response to

the inhalant allergen HDM and the ingested allergen OVA
develop in a different manner. Perhaps maximum priming and
Th2 deviation is reached in the first years of life and immunor-
egulatory feedback mechanisms then either maintain the
immune response at a certain level or down-regulate the re-
sponse as is frequently observed in the spontaneous remission
of food sensitivity before 5 years of age.

There are few cross-sectional or longitudinal studies that
examine cytokine responses to allergens in relation to age in
childhood. In a cross sectional study Noma et al. [20] found that
children growing out of egg allergy had decreased IL-4 and
increased IFN-y responses to egg allergen, suggesting a Thl
deviation in a situation where the atopic response was decreas-
ing. Prescott et al. [21] examined cytokine responses to HDM
allergen and found there was no difference in 1L-4 and IFN-y
responses (as measured by mRNA) between 6 and 18 months
and IL-13 secretion between 1 and 2years of age in atopic
children; however, a longer time frame may be required to
observe an immune deviation as shown in the present study.
van der Velden et al. [22] examined egg and dust mite cytokine
responses at birth and at 12months of age. Atopic children
showed an increase in HDM-induced IFN-y secretion but no
difference in the response to ovalbumin. Interestingly, the IL-10
responses in atopic children to both allergens decreased rather
than increased over 12months, while ovalbumin-induced

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 33:317-324
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Fig. 3. Age-related, RYE-induced cytokine responses in atopic children. Rye-induced PBMC IL-5:IFN-y (a and b) and IL-13:IFN-y (c and d) cytokine ratios
according to age in years were examined among atopic children who were (a and c) RYE sensitized or (b and d) RYE non-sensitized. A regression
line represents the relationship between IL-5:IFN-y and IL-13:IFN-y cytokine ratios and age.

IL-13, which was not detectable at birth, was higher in the
atopic children at 1year of age. In view of the IL-13 results
these data were interpreted as evidence of Th2 deviation over
the first year of life; however, this could be questioned on the
basis of the increasing IFN-y and decreasing IL-10 response. As
all these studies have examined the responses of infants and
young children to ovalbumin and house dust mite the conclu-
sions concerning the presence or absence of immune deviation
in early life are not necessarily incompatible with the present
observations, which indicate an immune deviation occurring in
later childhood to a different allergen, RYE but not to HDM
and OVA. As IgE antibodies to OVA and HDM develop earlier
in life than those to RYE, it is possible that the critical shifts in
cytokine balance, which determines the development of Th2
reactivity to these particular allergens, have already occurred
prior to the principal time frame of our study, which is from 1 to
15 years.

In this study, there was a significant increase of RYE-induced
proliferation among the atopics, in particular those with RYE-
specific IgE as compared with non-atopics. In contrast, there
was no difference in response to the other allergens (i.e. OVA
and HDM) when atopics and non-atopics were compared.
These findings are consistent with those of previous investiga-
tors who have found proliferative responses to HDM to be
prominent at all ages, in both children and adults regardless of

their atopic status [23-25]. Furthermore, the magnitude of these
T cell responses did not differ in most cases between subjects
with and without specific IgE [26]. Most of the previous studies
dealing with pollen-induced proliferation have been performed
with adults [27-30] and some [27, 28] but not others [29, 30] have
observed increased proliferation in symptomatic and or sensi-
tized subjects, a finding that is consistent with our observation
that greater stimulation was among the atopic children. Two
previous studies have examined the proliferative responses in
children. However, neither one of these studies included a non-
atopic control population nor did they did examine the
relationship between sensitization status and age throughout
childhood. Holt et al. demonstrated that infants under 10 weeks
of age and children from 2 to 13 had reduced T cell proliferation
to both HDM and RYE when compared with adults. However,
the changes in childhood were not examined in detail [3]. Miles
et al. showed that T cell proliferation to rye grass pollen aller-
gens increased at 6 and 12 months of age from that seen in cord
blood in a group of allergy-prone children, suggesting an accu-
mulation of allergen-reactive T cells in the first year of life [7].
Both of these studies do indeed indicate an increase in allergen-
induced T cell reactivity with time, which the present study
demonstrates to occur progressively throughout childhood. In
this study we have utilized serum free media as described by
Upham et al. [26], which results in significant improvement in
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the sensitivity of allergen-specific T cell assays as compared with
those performed in media supplemented with human or fetal
calf serum.

Yabuhara et al. highlighted the differences in the develop-
ment of immune responses to inhalant as compared with
ingested allergens in childhood [8]. However, they have con-
sidered HDM as an archetypal inhalant allergen and concluded
on the basis of a cross-sectional study that adult equivalent
patterns of immunity to inhalant allergens are established
within the first 5 years of life [4, 8]. While this may be true for
HDM, and our data do not argue against this conclusion, the
present findings indicate a clear difference in the time frame of
the immune responses to HDM and RYE. Our findings are also
consistent with the clinical observation that RYE sensitivity
and RYE-induced allergic disease are not a major problem in
pre-school children but develop progressively throughout the
first two decades of life. Based on the results generated in this
study, allergen priming and the development of Th2 responses
during childhood should not be regarded as similar for all
inhalant allergens and deserve careful analysis of the observed
differences.

A possible reason for the observed differences between the
childhood response to RYE and HDM allergens could lie in the
intermittent timing of antigen presentation. In atopic subjects
IgE responses to environmental allergens develop on a genetic
background that favours a Th2 response. Exposure to HDM
and OVA is likely to be continuous, as these allergens are
continually present in the environment or the diet and thus
may stimulate Th2 responses in individuals with the appropri-
ate genetic predisposition. An additional factor may be the
timing and persistence of allergen presentation. Thus exposure
to RYE allergens occurs intermittently over 6 to 8 weeks/year
[31], and depending on the time of birth, may not occur for a
number of months after delivery. Animal models of allergic
airways disease demonstrate that isolated or infrequent presen-
tation of allergen to the respiratory tract results in sensitization
and airways inflammation, while a more persistent challenge
produces down-regulation of the allergic response with evi-
dence of Thl deviation of the immune response [32, 33]. The
balance between Thl and Th2 responses appears to be
controlled by complex feedback mechanisms involving
T lymphocyte and dendritic cell cytokines such as IFN-y, IL-4
and IL-12 [34]. It could be postulated that in order to reach a
steady state, a certain period of continuous allergen exposure is
required. In the absence of an allergen source, such a steady
state may not be reached and intermittent exposure results in
increased T cell priming and deviation to a Th2 response.
A more regular exposure to an inhalant allergen such as occurs
in allergen immunotherapy, might allow a more normal balance
between Thl and Th2 responses to be achieved. This propos-
ition is supported by the observations that during immunother-
apy regular administration of RYE allergens by the nasal or
parenteral route results in decreased allergen-induced prolifer-
ation [28,35] and deviation of the allergen-induced cytokine
secretion towards a Thl response [35, 36].

In conclusion, do the present findings contribute to the cur-
rent knowledge on the development of allergic disease in re-
sponse to inhalant allergens during childhood, where allergic
disease has been postulated to result from a failure to down-
regulate infantile Th2 responses, with the subsequent consoli-
dation of a Th2 response during infancy and early childhood [4].
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Indeed, the results of the present study revealed a significant
difference between the immune reactions to the perennial inhal-
ant allergen HDM and a seasonal allergen, RYE. While this
study provides evidence for Th2 deviation among children with
RYE sensitivity, in contrast to HDM the deviation appears to
increase throughout childhood, suggesting that the time frame
of consolidation of Th2 responses to inhalant allergens varies
according to allergen exposure. Moreover, the present study
demonstrates a process of consolidation of Th2 polarized inhal-
ant allergen specific cells, as envisaged by Holt et al. [3, 8].
However, our study shows that for RYE allergen this occurs
progressively throughout childhood rather than being estab-
lished in infancy and the pre-school years. It is pertinent to
note that this pattern of development of the immune response
to RYE also has biological plausibility, as it is consistent with the
clinical expression of rye grass pollen allergy that develops pro-
gressively with age throughout childhood and early adult life.
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