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Abstract
Background The contribution of different T cell subsets to the overall measured cytokine response

to food allergens is largely unexplored.

Method The patterns of cytokine production of peripheral blood-derived T cells after allergen

stimulation were studied in 22 children with multiple food allergies and in 20 non-allergic children as

controls, using flow cytometry.

Results Proportions of T cells of food-sensitized children spontaneously secreting IFN-g and IL-10

(without antigen stimulation) were lower than non-atopic children and adult controls (P40.001).

The proportions of IL-4-producing cells in vitro were significantly increased (P40.04) and IFN-g-
producing cells were significantly reduced (P40.05) in sensitized children after incubation with and

without dendritic cell presentation of peanut extract, b-lactoglobulin and ovalbumin. The reverse

pattern was found in non-sensitized children and adult controls. IL-4 secretion in allergic children to

sensitizing allergens was mainly restricted to the CD41 CD45 RO1 population while in non-atopic

controls both CD41 and CD81 CD45 RO1 cells produced mostly IFN-g. Food-specific IgE values

did not correspond with cytokine responses but IL-4 production and IFN-g reduction relative to

normal children were closely associated with total IgE levels.

Conclusion Food-allergic children’s IL-4 cytokine response to their relevant allergens is

predominantly from a memory population of CD41 CD45 RO1 cells, whereas IL-4 and IFN-g
secretion of non-allergic controls was predominantly from mixed CD41 and CD81 CD45 RO1

populations.
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Introduction

The development and persistence of atopic disease [1–3] is
affected by events very early in life [4]. The establishment of
imbalanced T cell cytokine secretion, with reduced IFN-g and
increased IL-4, IL-5 and IL-13 secretion, is an underlying
feature common to a number of atopic diseases [5–7]. IFN-g
production is lowest in children with a genetic background of
atopy, and the normal postnatal increase in IFN-g produc-
tion is delayed in newborns who go on to develop atopy
[8–10]. T cells of individuals with atopic diseases secrete IL-4
in response to specific sensitizing agents [5, 11–13]. Clonal cell
lines derived from sensitized children mostly comprise CD41

T cells that secrete mostly IL-4 and/or IL-5 and little IFN-g
[14–16].

Food-allergic individuals have a cytokine response pattern
with raised IL-4 and reduced IFN-g production similar to
individuals with eczema [6, 17] and asthma [7]. This pattern is
seen after mitogenic stimulation and after CD3 cross-linking
of circulating lymphocytes [18, 19]. The phenotypes of T
lymphocytes after allergen-specific stimulation and a T-helper
type 2 (Th2)-polarized cytokine response in food-allergic (FA)
children have not been examined in detail, although there are
some reports addressing this issue [20, 21]. Our prospective
study in 22 children with multiple allergies examines which T
lymphocyte populations contribute significantly to T-helper
type 1 (Th1) and Th2 cytokine production in allergic children
and whether the response is related to sensitization, clinical
reactivity or total and allergen-specific IgE.

Materials and methods

This study was approved by the local Medical Ethics
Committee, and informed consent was obtained from all
participants and parents. Twenty-two FA patients (10 female
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and 12 male patients), 10 age- and sex-matched children
without any history of allergy and 10 healthy adults (controls)
were studied. The FA group were all recruited in a specialist
paediatric allergy clinic. They were considered FA if they had
a strong recent history of reactivity to the food and
supportive skin tests and allergen-specific IgE measurements
[22]. Formal food challenges were not routinely performed.
Skin prick tests were performed with standardized extracts

(Alk Abello, Hungerford). Histamine hydrochloride (10mg/
mL) was used as the positive control and phosphate-buffered
saline (PBS)/0.1% glycine as the negative control. The test
was regarded as positive when the mean weal diameter
exceeded 3mm above the negative control. Total serum IgE
and specific IgE to egg, cow’s milk and peanut protein were
measured with Pharmacia Cap

s

RAST (Upsala, Sweden)
according to the manufacturer’s recommendations. Samples
above 0.35 kU/L were considered positive.

Monoclonal antibody hybridomas and reagents

Hybridoma OKT3 (anti-CD3, American Type Culture
Collection (ATCC) CRL-8001), (anti-human CD14, ATCC
HB-247), L242 (anti-HLA DR, ATCC HB-171) and BU12
(anti-human CD19, donated by Dr D Hardie, University of
Birmingham) were cultured to a high density in 20% fetal calf
serum/hybricare medium (ATCC, Cat. No. 46-X), and the
supernatant was collected, filtered (0.4mm) and frozen. Peanut
protein antigen (PN, defatted peanut protein, SPF Inc.,
Austin, TX, USA), bovine serum albumin (BSA), b-lactoglo-
bulin (BLG), ovalbumin (OVA) and ovomucoid (Sigma
B6917, A5503, L3908 and AS625) (Sigma, Gillingham, UK)
were tested for lipopolysaccharide (LPS) content by the
Limulus Amoeba Lysate kit (Quadratech Ltd, Epsom, Surrey,
UK). The highest levels of LPS contamination were 0.03 ng/
mL for BSA, 1.6 ng/mL for OVA, 4.7 ng/mL for BLG
ando6pg/mL for PN. Preliminary tests indicated that IFN-
g and IL-4 production was not affected by peripheral blood
mononuclear cell (PBMC) incubation in concentrations of
LPS (Sigma L-2903) lower than 100 ng/mL, more than 10
times lower than the highest LPS concentrations present in the
antigen solutions.

Cell culture

Blood was collected with 5U/mL of heparin, diluted in an
equivalent volume of Roswell Park Memorial Institute
(RPMI) 1640 medium culture, and monocytic cells (PBMCs)
were collected over a cushion of LymphoprepTM (Axis-Shield
ProC As, Oslo, Norway, density 1.077 g/mL) after 30min
centrifugation at 280g. The upper layer (50/50 plasma/RPMI
medium) was collected, clarified twice at 320 and 700 g for
10min and used as a growth medium supplement. Functional
dendritic cells (DCs) were generated from adherent peripheral
blood monocytes with culture in 20% autologous plasma/
RPMI supplemented with 100 ng/mL human granulocyte
macrophage-colony stimulating stimulating factor (Insight
Biotech JR-1900, Wembley, UK) and 50ng/mL human IL-4,
(Insight Biotech IB-1016), as described previously [23].
Immature DCs were incubated with anti-CD19, anti-CD3

and anti-CD14 hybridoma supernatants (350 , 200 and
400mL, respectively, per 1 � 106 cells in 2mL of RPMI for

15min at 4 1C) and depleted of contaminating cells by
magnetic separation with 10mL of sheep anti-mouse IgG-
coated beads (Dynal Biotech., Bromborough, UK). Purified
DCs were cultured with food antigens (100, 10 and 1mg/mL)
for 24 h on days 6 and 9 of culture, washed twice in RPMI
and added to autologous T cells in a 1 : 10 ratio. Non-
adherent PBMCs were suspended for 15min in 2mL of
RPMI in a mixture of anti-CD19, anti-CD14 and anti-HLA-
DR supernatants. Non-T cells were depleted with magnetic
beads coated with anti-mouse IgG in 20% autologous
plasma/RPMI and 300 000 cells per well dispensed in 96-well
plates. T cells were pulsed with BSA, BLG, OVA and PN at
final concentrations of 100 and 10mg/mL or incubated with
two successive aliquots of antigen-pulsed DCs, 30 000 cells
per well, 10 : 1 T :DC ratio, 72 h apart. Brefeldin A (Sigma
B6751), ionomycin (Sigma IO634) and phorbol myristate
acetate (Sigma P8139) were added at final concentrations of
10, 1 and 10mg/mL, for the last 2 h of incubation.
Intracellular cytokine expression was examined 48h after
antigen incubation or addition of the second DC aliquot.

Antibody staining and flow cytometry

Antibody staining was performed in 96-well plates with two
washes by decanting and blotting the plate between each
staining cycle. Cells were fixed in 25mL of a fixative solution
(reagent A, Serotec BUFO9B, Kidlington, UK) at room tem-
perature for 15min. Cells were then stained with three anti-
bodies simultaneously in a permeabilizing agent (Leukoperm,
Serotec BUFO9B) for 1 h at room temperature for the follow-
ing antigens: CD3 fluorescein isothiocyanate (FITC) (Phar-
mingen 30108X), CD8 Cy-Chrome (Serotec MCA1226F),
CD45 RO Cy-Chrome (31308X Pharmingen), IL-2 (BD
340450), IL-4 (BD 340451), IL-10 (Serotec MCA1531PE) or
IFN-g (BD 340452) conjugated to phycoerythrin (PE).
Controls were stained with mouse isotype control antibodies
IgG1 FITC, IgG1 PE and IgG2 Cy-Chrome (BD 349041,
349043 and 349047), anti-CD8 FITC, anti-IFN-g PE and
anti-CD45 RO or CD3 Cy-Chrome. Finally, cells were
washed twice with 200mL RPMI/0.01% sodium azide,
resuspended in 100mL PBS and analysed on a Becton
Dickinson FacsCalibur analyser, Cowley, UK.
The measure of percentage change related to percentage of

intracellular cytokine expression in response to food antigens
was derived by dividing the (% of cytokine-positive cells after
addition of antigen by the % of cytokine-positive values
without antigens � 100)–100.

Statistical analyses

Statistical analyses were performed using SSPS for Windows
(version 8.0) and Microsoft Excel. The results were tested
using an independent sample two-tailed t-test. The mean and
standard deviation of group stimulation indices were
compared using the F-test. Correlation was assessed using
Spearman’s rank correlation coefficient. P-valueso0.05 were
considered significant.

Results

The age range of the FA patients was 3 years, 4 months to 12
years 11 months (Table 1). The total serum IgE ranged from
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11.4 to 14 600kU/L with a median of 2386kU/L. Five of 22
children were allergic to only one of the three foods in the
study, five to two foods and 12 of 22 were allergic to all three
foods. The clinical symptoms and the range of allergic
diseases are summarized in Table 1.

Interleukin-4 and interferon-g secretion in sensitized and
non-sensitized children

Antigen-specific changes in IL-4 (top panel) and IFN-g
(bottom panel) production are shown in Fig. 1 for sensitized
and non-sensitized children. The proportion of cytokine-
positive cells increased initially to 48h and then decreased to
baseline levels after 4 days. In egg-sensitized children, the
initial proportion of IL-4-positive cells, without antigen
stimulation, was high in comparison with non-allergic
children and reached a peak 48h after stimulation. Maximum
values for an antigen-induced IFN-g response were reached
between 24 and 48h in non-atopic children. IFN-g-positive
cells of egg-allergic children were low at baseline level and
decreased further in response to OVA (Fig. 1, bottom panel).
In contrast, the non-allergic T cells responded to OVA with a
decrease in IL-4 and an increase in IFN-g-producing T cells.
Changes in cells were similar for CD4 and CD8 T cells in
sensitized and non-atopic children (data not shown).

Cytokine production of lymphocytes of allergic and non-
allergic children and adults

Milk-, egg- and peanut-sensitized children displayed different
levels of cytokine-positive circulating T cells compared with

non-allergic children or adults (Fig. 2). The frequency of IL-
10- and IFN-g-secreting cells in FA children was significantly
lower than in controls (Po0.001). IL-2 showed no differences
between the groups. IL-4 values were raised only in
FA children, and levels did not differ between the control
groups. Allergic CD45 RO1 T cells (memory activated)
contained elevated proportions of IL-4-producing cells
compared with non-atopic children but less than adult levels
(P40.001) (Fig. 2b).

Food antigen T cell cytokine stimulation

The pattern of IL-4 and IFN-g responses of CD3 cells and
CD45 RO1 T cells to food antigen to which children were
allergic was markedly different from controls (Fig. 3). While
IL-2 and IL-10 responses were unrelated to food sensitization,
the IL-4-positive T cell percentage increased in FA children
after stimulation, and non-sensitized children exhibited a lower
proportion of IL-4-positive T cells in response to food antigen.
Peanut-, milk- and egg-sensitized children demonstrated an
overall reduction in the proportion of T cells producing IFN-
g, while non-sensitized children generally showed higher
production in response to food antigens. Differences between
sensitized and non-sensitized children for both IL-4 and IFN-g
were significant (P40.01) for all three food allergens tested.

Allergen presentation by in vitro pulsed dendritic cells

DC-driven IL-4 and IFN-g changes were similar to T cell
cytokine responses observed in PBMC culture, but the
proportion of T cells responding was generally considerably

Table 1. Major clinical features of food-sensitized children

Age (years,

months)

Total IgE

(kU/L)

Specific IgEs (kU/L)

Major symptoms and allergies

Other IgEs*

(other SPTs w)Peanut Milk Egg

S1 8, 5 14600 4100 4100 4100 Eczema; autism: M, E, P 9 (ND)

S2 6, 8 6768 4100 4100 4100 Eczema; GI; C18 del; M, Pz, Ez 11 (7)

S3 10, 6 5748 4100 12.4 4.97 Eczema; P, mT 15 (7)

S4 6, 7 4647 54.0 4100 4100 Eczema; C18 del; M, E, Pz 11 (6)

S5 11, 4 3319 9.4 10.7 26.4 Asthma; E, Pz 8 (4)

S6 9, 7 3099 29.9 10.2 7.27 Eczema; E, Pz 8 (8)

S7 7, 5 1949 14.6 6.92 4100 Eczema; E, Pz 13 (7)

S8 9, 7 1081 2.1 2.91 10.8 Food allergy (GI); M, E, P 4 (8)

S9 8, 0 1010 46.5 8.1 42 Asthma; M, E, P* 8 (8)

S10 6, 8 1000 52.9 3.84 7.31 Food allergy (GI); M, E, Pz 9 (7)

S11 3, 4 868 o0.35 23.6 o0.35 Eczema; E , Sz 3 (4)

S12 9, 2 692 9.8 1.87 0.94 Asthma; P 10 (8)

S13 11, 5 569 35.9 4.7 o0.35 Eczema; P, E, mr 16 (4)

S14 12, 11 478 4100 o0.35 o0.35 Asthma; P 5 (4)

S15 6, 8 444 o0.35 0.72 o0.35 Food allergy (GI); Bz 13 (6)

S16 3, 7 325 o0.35 0.57 o0.35 Asthma, E 4 (7)

S17 3, 5 286 3.44 5.17 4.99 Food allergy (GI); M, E, P 7 (5)

S18 5, 8 212 5.06 3.82 1.1 Asthma; E, P 1 (4)

S19 8, 2 146 1.8 0.79 o0.35 Food allergy (GI); mR 3 (3)

S20 11, 3 128 3.9 0.71 o0.35 Eczema; mR 2 (3)

S21 4, 6 122 28.6 6.1 4.9 Food allergy (GI); M, E 9 (6)

S22 5, 3 11.6 0.8 o0.35 o0.35 Atopy; no food allergy 1 (2)

S23 7, 0 11.4 o0.35 o0.35 o0.35 Urticaria; no food allergy 2 (0)

ID, immunodeficiency; GI, gastrointestinal symptoms such as diarrhoea, vomiting and abdominal pain; C18q del; chromosome 18q deletion syndrome; E, egg; P,

peanut; M, milk; mT, milk tolerated; mr, resolving milk allergy; mR, resolved milk allergy; S, sesame; B, brazil nut; SPTs, skin prick tests; ND, not done.
*Other specifc IgEs 45 kU/L. wOther skin prick tests 43 mm diameter. zAnaphylaxis.
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higher (Fig. 3, middle panels). IL-2 and IL-10 levels were not
related to food concentration or sensitivity (data not shown).
Changes in IL-4-producing T cells of FA children differed
significantly from controls after exposure to PN-, BLG- and
OVA-pulsed DC (P5 0.02, P5 0.001 and P5 0.04). Control
children produced more IFN-g after DC pulsing, compared
with FA children, for all food allergens tested (P40.04). T
cell IL-4 production to DC-mediated antigen presentation in
FA children was disproportionately confined to CD41 CD45
RO1 cells in allergic children (Po0.01). Both CD41 and
CD81 cells of non-sensitized children had slightly higher

proportions of IFN-g-secreting populations in culture com-
pared with allergic children after PN, BLG and OVA
presentation (P40.07).

Antigen-specific cytokine secretion and correlation with
total immunoglobulin E levels

Individual IL-4 and IFN-g responses of peanut-, milk- and
egg-sensitized children are shown in Fig. 4 relative to the total
serum IgE. Increases in IL-4 secretion, with a concomitant
decrease in IFN-g, were seen in all food-sensitized individuals
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Fig. 1. IL-4- and IFN-producing cells in egg-sensitized children and controls. Percentage of IL-4- and IFN-g-positive cells in unstimulated and ovalbumin
(OVA)-stimulated peripheral blood mononuclear cells plotted over 4 days in egg-allergic children and controls. The percent of cytokine-positive cells was
determined by FACS analysis of control and egg-sensitized children for 4 days (24–96 h) with and without additional antigen 100 mg/mL of OVA. The IL-4
cytokine (sensitized) or IFN-g (non-sensitized) responses increase over 2 days in culture and decrease thereafter. The figure is representative of three
separate experiments. ND, not done.
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and this inversion of the normal cytokine response was
associated with a high total IgE but unrelated to the level of
food-specific IgE (see Table 2). IL-4 and IFN-g responses to
food antigens were inversely correlated (Po0.001).

Individual cytokine response and correlation with resolving
allergy

Peanut-sensitized children with an IL-4 decrease in response
to PN tended to be those with a low total IgE (n5 5) (A, Fig.
4). Non-sensitized children with decreased IFN-g to PN
(n5 2) (B, Fig. 4) tended to be those allergic children with a
higher total IgE and more widespread allergies (Table 1),
although this did not reach statistical significance. Four
patients with clinically resolving milk allergy were included in
the study (S3, S13, S19, S20). Where milk was tolerated
clinically but specific IgE and high total IgE were present, IL-
4 production of T cells decreased after BLG stimulation (T,
Fig. 4) similar to those children without IgE and resolved
milk allergy (R, Fig. 4). Where symptoms persisted in the
absence of specific IgE (r, Fig. 4), IL-4 secretion increased and
IFN-g decreased in response to BLG.

Discussion

Our prospective study has demonstrated that T cells of
multiple FA children respond with a reduced IFN-g and an
increased IL-4 secretion in vitro when challenged with the
three major allergens: peanut extract, BLG and OVA.

The marked changes in cytokine secretion patterns were
more closely related to the overall atopic state, assessed by a
high total serum IgE level and clinical symptoms, than to the
levels of antigen-specific IgE levels. Cytokine responses
induced by specific food stimulation, in both normal and
allergic individuals, far outweighed proliferative responses to
the same antigens (unpublished observation, 2004). Reduced
IFN-g secretion and enhanced IL-4 secretion in FA children
in response to food allergens to which they are sensitized were
measured in discrete allergen-specific T cell populations.
Clinically tolerated food allergens evoked an in vitro response
that was similar to non-sensitized children or non-atopic
adults. In vitro antigen presentation through pulsed DCs
enhanced the magnitude of the responses, but did not affect
the overall response pattern. Allergen-specific T cell responses
in both FA children and in controls showed that the major
responding cell is within the CD45 RO1 memory or activated
cell population.
The cytokine secretion by blood-derived lymphocytes of

children with multiple food sensitizations showed altered
proportions of Th1- and Th2-like cells even in the absence of
allergen-specific stimulation. The proportion of cells produ-
cing IL-10 was elevated, and the proportion of cells
producing IFN-g was reduced. IL-2-producing cell popula-
tions were unaffected and did not differ in any of the groups
studied. IL-2 has been reported to be normal in atopic
children [9, 19], while IL-10 levels decreased in multiple
sensitized FA children and in children at risk of developing
allergies [24]. Similar changes have been observed in
responses to LPS [25] and influenza infection [26] in allergic
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Fig. 2. Populations of IL-2-, IL-4-, IFN-g- and IL-10-positive T cells in sensitized children, control children and non-allergic control adults without antigen
stimulation: (a) CD31 cells and (b) CD45 RO1 CD31 cells. Data displayed as median, complete range and 25–75% quartile ranges of sensitized children ( ,
n 5 22), non-sensitized children ( , n 5 10) and non-sensitized adults ( , n 5 10) for each cytokine. (a) Cytokine-positive cells within the population of CD31

cells. (b) Cytokine-positive cells within the CD45 RO1 CD31 population. P-values40.05 are displayed.
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individuals. Increased IL-10 responses to cat and birch
allergens have been described by Jenmalm et al. [11]. IL-10
inhibits both Th1 and Th2 cell populations and interferes
with IgE synthesis and eosinophil survival [27, 28], and may
facilitate the development of atopic disease by a failure to
down-regulate initial stages of the allergic sensitization.
Hypothetically, an increase in IL-10 secretion following
allergen exposure could be related to acquisition tolerance,
which is a common occurrence for milk and egg allergies in
childhood.

IL-4 and IFN-g cytokine responses were highly inversely
correlated and there is some evidence of a counter-regulatory
pathway in multiple-allergic children [29, 30]. IL-4 in food-
sensitized children was maximally produced within 48 h,
similar to the kinetics of the normal IFN-g response. IL-4 and
IFN-g promoters may alternatively acquire stable hypoace-
tylation histone in polarized Th1 and Th2 cells [31, 32], which
could allow the persistence of polarized cytokine responses in
populations of allergen-specific cells.
Food allergen-induced IFN-g production was predictably

low in FA children compared with controls. This low IFN-g
production in culture was not increased by attempts to
enhance the food allergen presentation by autologous DCs
pulsed with allergen. Mitogenic IFN-g responses were
unaffected and proliferative responses to mitogens in allergic
children and controls were not different (data not shown),
indicating a more specific regulatory defect in response to
allergen exposure in these patients. This is consistent with the
model of delayed maturation of Th1-associated functions as a
primary risk factor for manifestation of atopic disorders [8–
10, 33].
FA children in our study showed an allergen-specific Th2

cytokine response in the CD41 lymphocyte population, and a
normal allergen-specific Th1 response to clinically tolerated
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Fig. 3. Percentage change of T cells positive for IL-4 and IFN-g in (a) peripheral blood mononuclear cells (PBMCs). Data displayed as median, complete
range and 25–75% quartile ranges of sensitized ( ), non-sensitized ( ) children for each cytokine. (b) CD31 T cells in response to dendritic cell (DC)
presentation of food antigens. (c) CD45 RO1 CD41 and CD45 RO1 CD81 cells. Data displayed as complete range and median for CD41 and ( ) for CD81

cells. Median values ( ) of sensitized children are boxed ( ). Changes in cytokine production were calculated as (% cytokine-positive cells with antigen/%
cytokine-positive cells without antigen)–1) � 100. P-values40.09 are displayed.

Table 2. Correlation of IL-4 and IFN-g with specific and total IgE

Specific IgE Total IgE

Peanut

IL-4 0.08 0.02*

IFN-g 0.23 0.10

Milk

IL-4 0.24 0.04*

IFN-g 0.38 0.001**

Egg

IL-4 0.64 0.08

IFN-g 0.63 0.04*

*Po0.05, **Po0.001.
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food antigens in over 90%. Food allergens in children with
resolved allergy evoked an in vitro response similar to non-
sensitized children or non-atopic adults. IFN-g was mainly
derived from CD41 and CD81 CD45 RO1 cell populations,
CD81 IFN-g-producing cells being particularly reduced in
FA. The majority of allergic children showed increased IL-4
production restricted to their CD41 CD45 RO1 cell
population in response to allergen-pulsed DCs. IL-4 produc-
tion was similarly restricted to CD45 RO1 T cells in
mitogenic responses of children with multiple allergies [18],
atopic dermatitis [10] and eczema [22]. Allergic children who
generated a Th1 response to a sensitizing antigen tended to be
those with low total IgE and diverse allergies, while non-
sensitized children generating a Th2 response had high total
IgE and more allergies. Children with a clinically resolving
milk allergy had persisting Th2 cytokine responses. Resump-
tion of Th1 cytokine production was only seen after complete
resolution of allergy, as described for peanut- [20] and
egg-sensitized [34] children. Longitudinal studies of antigen-
specific cytometry and analysis of promoter histone acetyla-
tion of memory T lymphocytes could further indicate how
closely associated cytokine polarization of CD45 RO1 cells is
involved in the transition to tolerance and resolution of
allergy.

Acknowledgements

We are very grateful to Dr Debbie Harding for the BU12
hybridoma and Dr Pippa Newton for assistance. Dr

Dominique Maffre supplied purified peanut protein. Profes-
sor Tim Cole of the Statistics Service Unit assisted with the
statistical analyses. Gail Slade and John Rae performed skin
prick tests. This research was funded by the UK Food
Standards Agency (TO7016).
Research at the Institute of Child Health and Great

Ormond Street Hospital for Children NHS Trust has
benefited from the research and development funding
received from the NHS Executive.

References

1 Romagnani S. Cytokines and chemoattractants in allergic inflam-

mation. Mol Immunol 2002; 38:881–5.

2 Warner JA, Warner JO. Early life events in allergic sensitisation. Br

Med Bull 2000; 56:883–93.

3 Woodfolk JA, Platts-Mills TA. The immune response to intrinsic

and extrinsic allergens: determinants of allergic disease. Int Arch

Allergy Immunol 2002; 129:277–85.

4 Prescott SL. Early origins of allergic disease: a review of processes

and influences during early immune development. Curr Opin

Allergy Clin Immunol 2003; 3:125–32.

5 Imada M, Simons FE, Jay FT, Hayglass KT. Allergen-stimulated

interleukin-4 and interferon-gamma production in primary culture:

responses of subjects with allergic rhinitis and normal controls.

Immunology 1995; 85:373–80.

6 Schade RP, Van Ieperen-Van Dijk AG, Van Reijsen FC et al.

Differences in antigen-specific T-cell responses between infants

with atopic dermatitis with and without cow’s milk allergy:

relevance of TH2 cytokines. J Allergy Clin Immunol 2000;

106:1155–62.

P
er

ce
nt

 c
ha

ng
e 

in
 c

yt
ok

in
e 

po
si

tiv
e 

ce
lls

B

−100
−80
−60
−40
−20

0
20
40
60
80

100

−100
−80
−60
−40
−20

0
20
40
60
80

100

−100
−80
−60
−40
−20

0
20
40
60
80

100

−100
−80
−60
−40
−20

0
20
40
60
80

100

−100
−80
−60
−40
−20

0
20
40
60
80

100

−100
−80
−60
−40
−20

0
20
40
60
80

100
120
140

Peanut

β -lactoglobulin

Ovalbumin

Sensitized children Non-sensitized children

A AA A A B

T RRr

Fig. 4. Individual percentage change in % IL-4- and IFN-g-positive cells in peripheral blood mononuclear cells of sensitized and non-sensitized children
cultured with peanut extract, b-lactglobulin (BLG) and ovalbumin (OVA). (& ) 5 IL-4. ( ) 5 IFN-g. ‘A’ indicates a peanut extract-sensitized child who
responded with a decrease in IL-4 production after peanut extract stimulation. ‘B’ indicates a peanut extract-tolerating child who responded with increased IL-
4 T cell production to peanut extract stimulation. ‘r’ indicates clinically resolving allergy. ‘R’ indicates resolved milk allergy. The majority of sensitized children
showed an increase in IL-4 and a decrease in IFN-g on exposure to allergens. Cells of non-sensitized children responded almost uniformly with an increase in
IFN-g production when exposed to peanut extract, BLG and OVA. Sensitized and non-sensitized children have been arranged on the X–axis, with those with
the highest serum concentration of total IgE on the left.

T cell cytokine production 1479

r 2005 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 35:1473–1480



7 Robinson DS, Hamid Q, Ying S et al. Predominant TH2-like

bronchoalveolar T-lymphocyte population in atopic asthma.

N Engl J Med 1992; 326:298–304.

8 Liao SY, Liao TN, Chiang BL et al. Decreased production of IFN

gamma and increased production of IL-6 by cord blood mono-

nuclear cells of newborns with a high risk of allergy. Clin Exp

Allergy 1996; 26:397–405.

9 Kondo N, Kobayashi Y, Shinoda S et al. Reduced interferon

gamma production by antigen-stimulated cord blood mononuclear

cells is a risk factor of allergic disordersF6-year follow-up study.

Clin Exp Allergy 1998; 28:1340–4.

10 Tang ML, Kemp AS, Thorburn J, Hill DJ. Reduced interferon-

gamma secretion in neonates and subsequent atopy. Lancet 1994;

344:983–5.

11 Jenmalm MC, Van Snick J, Cormont F, Salman B. Allergen-

induced Th1 and Th2 cytokine secretion in relation to specific

allergen sensitization and atopic symptoms in children. Clin Exp

Allergy 2001; 31:1528–35.

12 Macaubas C, Sly PD, Burton P et al. Regulation of T-helper cell

responses to inhalant allergen during early childhood. Clin Exp

Allergy 1999; 29:1223–31.

13 Till S, Durham S, Dickason R et al. IL-13 production by allergen-

stimulated T cells is increased in allergic disease and associated with

IL-5 but not IFN-gamma expression. Immunology 1997; 91:53–7.

14 Katsuki T, Shimojo N, Honma K, Tsunoo H, Kohno Y, Niimi H.

Establishment and characterization of ovalbumin-specific T cell

lines from patients with egg allergy. Int Arch Allergy Immunol

1996; 109:344–51.

15 Eigenmann PA, Huang SK, Sampson HA. Characterization of

ovomucoid-specific T-cell lines and clones from egg-allergic

subjects. Pediatr Allergy Immunol 1996; 7:12–21.

16 Higgins JA, Lamb JR, Lake RA, O’Hehir RE. Polyclonal and

clonal analysis of human CD41 T-lymphocyte responses to nut

extracts. Immunology 1995; 84:91–7.

17 Andre F, Pene J, Andre C. Interleukin-4 and interferon-gamma

production by peripheral blood mononuclear cells from food-

allergic patients. Allergy 1996; 51:350–5.

18 Jung T, Lack G, Schauer U et al. Decreased frequency of

interferon-gamma- and interleukin-2-producing cells in patients

with atopic diseases measured at the single cell level. J Allergy Clin

Immunol 1995; 96:515–27.

19 Nakazawa M, Sugi N, Kawaguchi H, Ishii N, Nakajima H,

Minami M. Predominance of type 2 cytokine-producing CD41

and CD81 cells in patients with atopic dermatitis. J Allergy Clin

Immunol 1997; 99:673–82.

20 Turcanu V, Maleki SJ, Lack G. Characterization of lymphocyte

responses to peanuts in normal children, peanut-allergic children,

and allergic children who acquired tolerance to peanuts. J Clin

Invest 2003; 111:1065–72.

21 Eigenmann PA. T lymphocytes in food allergy: overview of an

intricate network of circulating and organ-resident cells. Pediatr

Allergy Immunol 2002; 13:162–71.

22 Sampson HA. Update on food allergy. J Allergy Clin Immunol

2004; 113:805–19; quiz 820.

23 Woodhead VE, Binks MH, Chain BM, Katz DR. From sentinel to

messenger: an extended phenotypic analysis of the monocyte to

dendritic cell transition. Immunology 1998; 94:552–9.

24 van der Velden VH, Laan MP, Baert MR, de Waal Malefyt R,

Neijens HJ, Savelkoul HF. Selective development of a strong Th2

cytokine profile in high-risk children who develop atopy: risk

factors and regulatory role of IFN-gamma, IL-4 and IL-10. Clin

Exp Allergy 2001; 31:997–1006.

25 Borish L, Aarons A, Rumbyrt J, Cvietusa P, Negri J, Wenzel S.

Interleukin-10 regulation in normal subjects and patients with

asthma. J Allergy Clin Immunol 1996; 97:1288–96.

26 Gentile DA, Patel A, Ollila C et al. Diminished IL-10 production

in subjects with allergy after infection with influenza A virus.

J Allergy Clin Immunol 1999; 103:1045–8.

27 Koulis A, Robinson DS. The anti-inflammatory effects of

interleukin-10 in allergic disease. Clin Exp Allergy 2000; 30:

747–50.

28 Punnonen J, de Waal Malefyt R, van Vlasselaer P, Gauchat JF, de

Vries JE. IL-10 and viral IL-10 prevent IL-4-induced IgE synthesis

by inhibiting the accessory cell function of monocytes. J Immunol

1993; 151:1280–9.

29 Pene J, Rousset F, Briere F et al. IgE production by normal human

lymphocytes is induced by interleukin 4 and suppressed by

interferons gamma and alpha and prostaglandin E2. Proc Natl

Acad Sci USA 1988; 85:6880–4.

30 Chretien I, Pene J, Briere F, De Waal Malefijt R, Rousset F, De

Vries JE. Regulation of human IgE synthesis. I. Human IgE

synthesis in vitro is determined by the reciprocal antagonistic

effects of interleukin 4 and interferon-gamma. Eur J Immunol

1990; 20:243–51.

31 Valapour M, Guo J, Schroeder JT Et al. Histone deacetylation

inhibits IL4 gene expression in T cells. J Allergy Clin Immunol

2002; 109:238–45.

32 Messi M, Giacchetto I, Nagata K, Lanzavecchia A, Natoli G,

Sallusto F. Memory and flexibility of cytokine gene expression as

separable properties of human T(H)1 and T(H)2 lymphocytes. Nat

Immunol 2003; 4:78–86.

33 Warner JO, Warner JA, Miles EA, Jones AC. Reduced interferon-

gamma secretion in neonates and subsequent atopy. Lancet 1994;

344:1516.

34 Noma T, Yoshizawa I, Aoki K, Yamaguchi K, Baba M. Cytokine

production in children outgrowing hen egg allergy. Clin Exp

Allergy 1996; 26:1298–307.

1480 T. H. Scott-Taylor et al.

r 2005 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 35:1473–1480


