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Atopic disorders such as atopic dermatitis and asthma have been character- 
ised by an imbalance in interferon-gamma (INF-y) and IL-4. Whether sim- 
ilar imbalances are found in atopic disorders with different clinical mani- 
festations, such as IgE mediated immediate food hypersensitivity, is not 
clear. We have examined the in uitro production of INF-y and IL-4 in pe- 
ripheral blood mononuclear cells (PBMC) following phytohaemagglutinin 
stimulation from children with isolated immediate IgE mediated food hy- 
persensitivity (egg, milk, "nut"), children with moderate and severe atopic 
dermatitis, and normal children. Children with immediate food reactions 
were excluded if they had a history or evidence of atopic dermatitis or 
asthma. PBMC from children with IgE mediated food hypersensitivity 
produced significantly more IL-4 (p=0.013) but equivalent INF-y (p=0.26) 
compared to PBMC from control children. In contrast, PBMC from chil- 
dren with atopic dermatitis produced significantly less INF-y (p<O.OOl) 
and more IL-4 (p<0.008) than PBMC from normal children. In addition, 
there was no difference in IL-4 (p=0.74) but significantly less INF-y (p < 
0.001) produced by PBMC from the children with atopic dermatitis than 
food hypersensitivity. We demonstrate that children with IgE mediated 
food hypersensitivity and no other manifestation of atopic disease have en- 
hanced IL-4 production without the defect in INF-y production observed in 
childhood AD and asthma. We postulate that isolated IL-4 enhancement 
promotes the development of IgE mediated hypersensitivity disorders such 
as food allergy, whilst the combination of defective INF-y and enhanced 
IL-4 production promotes inflammatory atopic disorders such as AD and 

I asthma. 

Cytokine imbalances contribute to the development 
of atopic disease. Increased production of the Th2 
cytokine IL-4 and decreased production of the Thl 
cytokine INF-y have been described in atopic dis- 
eases such as asthma and atopic dermatitis (1-4). 
Whether these imbalances are found in all atopic 
disorders is not clear. Cytokine imbalances can pre- 
cede the development of clinical atopy, as indicated 
by the finding of diminished INF-y production from 
cord blood cells of infants who subsequently devel- 
op atopic disease (5 ,  6). IL-4 promotes the develop- 
ment of IgE antibodies which are a characteristic of 
the atopic state (7). In addition to the development 
of specific IgE antibodies, atopic diseases such as 
atopic dermatitis (AD) and asthma are also charac- 
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terised by chronic inflammation (8, 9). The contri- 
bution of the specific cytokine abnormalities in Th2 
type cytokine environment, with enhanced IL-4 and 
decreased INF-y, to the development of chronic in- 
flammation in atopic disease is unclear. It is possible 
that differing manifestations of the atopic state 
might be determined by different cytokine imbal- 
ances. If this were so, an atopic disease character- 
ised primarily by specific IgE production may be as- 
sociated with a raised IL-4 alone, while atopic dis- 
ease with a more complex inflammatory reaction 
may demonstrate in addition reduced INF-y. 

To examine these possibilities we have studied 
children who have presented with IgE mediated im- 
mediate food hypersensitivity as their sole manifes- 



Heterogeneity of childhood atopy 

tation of atopy and have compared their production 
of INF-y and IL4 in response to the T cell mitogen 
phytohaemagglutinin (PHA) to that of children with 
atopic dermatitis and healthy non-atopic controls. 

Subjects 

Children presenting with a history of immediate re- 
actions to food were included if the reactions (see 
classification below) had occurred within 60 min- 
utes of ingestion and they had evidence of specific 
IgE to the relevant food. Specific IgE was defined as 
a positive skin prick to the relevant food, or in cases 
where skin prick testing was not performed, a posi- 
tive radioallergosorbent test (RAST) to the relevant 
food. All children were examined by a paediatric al- 
lergisthmmunologist and were excluded if physical 
examination revealed evidence of asthma or atopic 
dermatitis or if they had a past history of treatment 
for atopic dermatitis or asthma. The clinical reac- 
tions to food were classified into the following three 
grades of severity (10): Grade 1, immediate symp- 
toms of urticaridangiodema and erythema, localised 
to the face; Grade 2, generalised immediate symp- 
toms of urticadangiodema and erythema, and /or 
immediate onset of vomiting; and Grade 3, general- 
ised immediate symptoms of urticaria/angiodema 
and erythema plus respiratory symptoms of wheeze 
andor stridor. 

Fourteen children with isolated IgE mediated im- 
mediate food allergy were identified for the study. 
Heparinized blood samples were obtained from the 
children when blood was taken for IgE and/ or full 
blood count examination at their initial consultation. 
The mean age of the children was 25 months and 
mean serum IgE 252 IU/ml. 

Peripheral blood mononuclear cells (PBMCs) 
were obtained from 15 children with atopic dermati- 
tis, all of whom had attended a paediatric allergist/ 
immunologist for management of their atopic der- 
matitis. Heparinised blood was obtained from these 
children when blood was being taken for IgE, RAST 
or/and full blood examination. These children were 
included irrespective of a history of food sensitivity. 
All were requiring daily topical corticosteroid treat- 
ment, and had moderate or severe atopic dermatitis 
according to the criteria of Hanifin and Rajka 
(11).The mean age of the children was 48 months 
and mean IgE 9305 IU/ml. 

Control samples were obtained from 15 healthy 
non-atopic children admitted for elective surgery at 
the Royal Children’s Hospital (for herniotomies, or- 
chidopexies, circumcisions, squint repairs). These 
children had no history of atopy and had serum IgE 
in the normal age range. Heparinized blood was ob- 
tained immediately on anaesthetic induction for 
control subjects following parental consent. The 

mean age of the children was 27 months and mean 
IgE 29 IU/ml. Blood collection and investigations 
performed were approved by the Royal Children’s 
Hospital Ethics Committee. 

Materials and methods 

Reagents used were: AIM-V medium (Gibco, Grand 
Island, NY) supplemented with 5 x 10-5 M p-mer- 
captoethanol (P-ME, ICN, Costa Mesa, CA.); PHA, 
avidin-peroxidase (Sigma Chemical Co., St Louis, 
MO); Ficoll-Hypaque (Pharmacia, Uppsala, Swe- 
den); Monoclonal antibodies (Mab)-anti-INF-y, bi- 
otinylated anti INF-y, anti IL-4 biotinylated anti IL- 
4 and rhINF-y, rhIL-4 (Pharmingen,CA), TMB sub- 
strate (KPL, Gaithersburg, M. D.). 

Rast 

Testing was performed using the Kallestad Allercoat 
EAST Conjugate Pack (Sanofi Diagnostics Pasteur, 
Inc. MN, USA) in accordance with manufacturers 
instructions. Results are expressed as allercoat ELI- 
SA allergosorbent units (AEU/ml). Levels of aller- 
gen specific IgE antibodies correspond to Very High 
(4 AEU/ml), High (3 AUE/ml), Moderate (2 AEU/ 
ml), Low (lAEU/ml), Equivicol (1 AEU/ml) and 
Absent (0 AEU/ml). 

Cell cultures 

PBMC were separated from heparinized blood by 
Ficoll-Hypaque density gradient centrifugation. 
PBMC layer was washed three times with sterile 
PBS. PBMC were cultured in sterile falcon culture 
tubes (Becton Dickinson) at a concentration of 
1 x lo6 /ml (1 ml) in AIM-V with P -ME at 37°C in 
humidified atmosphere with 5% COz. Cultures were 
stimulated with lOug/ml PHA or left unstimulated 
for control. Supernatants were collected at 48 hours 
after brief centrifugation, and were stored at -70°C 
until required for cytokine assay. 

Cytokine production 
Time course experiments showed PHA induced IL- 
4 production maximal at 24-48 hours and PHA in- 
duced INF-y production maximal at 48-72 hours. 
IL-4 and INF-)I were assayed by sandwich ELISA as 
previously described (12). Briefly, high binding 
ELISA plates were coated with purified Mab at 1 
ug/ml and incubated overnight at 4°C. Plates were 
blocked for 2 hours, washed and samples incubated 
at room temperature for a further 4 hours. After 
washing, biotinylated Mab at OSug/ml was added 
and incubated at room temperature for 45 minutes, 
after which avidin-peroxidase (1 :400 of 1 mg/ml) 
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Table 1. Type of food and severity of reaction in 14 children with IgE mediated food 
hypersensitivity 

Clinical reaction to: Number Grade 1' Grade 2# Grade 3' 
of cases 

Egg 4 2 1 1 
Egg and nut 6 2 3 1 
Nut 3 1 2 
Milk 1 1 
Total 14 4 5 5 

"Grade 1, immediate symptoms of urticaria/angiodema and erythema, localized to 
the face; #Grade 2, generalised immediate symptoms of urticaria/angiodema and 
erythema, and/or immediate onset of vomiting; 'Grade 3, generalised immediate 
symptoms of urticaria/angiodema and ewhema plus respiratory symptoms of 
wheeze and/or stridor. 

was added. After final washing TMB substrate 
(KPL, Gaithersburg, M. D.) was added and reaction 
stopped by addition of H2S04. Plates were read at 
450 nm on spectrophotometer. All samples and 
standards were performed in duplicate, and data was 
analysed using Biomek 1000 data reduction soft- 
ware (Beckman). Minimum detection levels were 
calculated by Biomek 1000 software and were: IL-4 
-2 pg/ml, INF-y -10 pg/ml. IL-4 detection was con- 
firmed by the ability to detect IL-4 at 2 pg/ml when 
spiked into media and assayed. 

Statistical methods 

Analyses were performed using Mann-Whitney 
non-parametric U-test after Kruskall-Wallis test 
showed significant differences between the three 
groups. Chi-squared test was used for group com- 
parison of IL-4 secretion. 

Results 
Subjects 
The clinical features of the 14 children with IgE me- 
diated food hypersensitivity (egg and "nut" -6, egg- 
4, "nut" -3 and milk -1) are summarised in Table 1. 
The relevant "nut" was peanut in five cases and 
cashew in one case in children with egg and "nut" 
reactions, and peanut in two cases and cashew in 
one case in the children with "nut" only reactions. 
Twelve children had positive skin test to the sus- 
pected food (mean wheal f s.d.; 9mm f 4 mm). Two 
children did not have skin tests performed and had 
positive RAST's (case 1-6.9/3.9 AEU/ml, egg and 
peanut respectively, case 2-1.46 AEU/ml, egg) to 
the relevant food. Ten of the 14 children had sys- 
temic reactions including generalised urticaria to the 
ingested food, and the remaining four children had 
urticaria and swelling localised to the face. 

im 
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Fig. I .  IL-4 production from 1 x I06 peripheral blood mononu- 
clear cells (PBMC)/ml obtained from children with food IgE 
mediated food hypersensitivity (FOOD), atopic dermatitis (AD) 
and normal controls (NORMAL). PBMCs cultured for 48 hours 
culture with phytohaemagglutinin (10pg/ml). Hold line repre- 
sents median values. 

11-4 production 

PBMC from children with food hypersensitivity 
produced significantly more IL-4 than PBMC from 
control children (p=0.013, median Spg/ml and 1pg/ 
ml respectively) (Fig. 1). Twelve of the 14 children 
with food hypersensitivity were found to produce 
detectable IL-4 in culture supernatants (p<0.05) 
compared with six of 15 non-atopic children. In ad- 
dition PBMC from children with AD produced 
more IL-4 (median lOpg/ml) than PBMC from nor- 
mal children (p=O.OOS). There was no statistical dif- 
ference in IL-4 production in children with AD and 
food hypersensitivity (p=0.74). In addition there 
was no difference in the numbers of children with 
detectable IL-4 in culture supernatants in these two 
groups. 

Children with grade 1 food hypersensitivity pro- 
duced less IL-4 than those children with either grade 
3 hypersensitivity (peO.0 14), or than children who 
had systemic reactions (grades 2 and 3) (p<0.034) 
(Fig. 2). No such difference was observed in serum 
IgE ; grade 1 vs grade 3 (p=0.46), grade 1 vs grade 
2+3 (p=0.52). 

INF-y production 

No significant difference in PBMC INF-y produc- 
tion was observed between normal and food hyper- 
sensitive children (p=0.26, median 3 123pg/ml and 
3030pg/ml, respectively) (Fig. 3). In contrast PBMC 
from children with AD produced significantly less 
INF-y (p<O.OO I ,  median 660pg/ml) than PBMC 
from both normal children and children with food 
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Fig. 2. IL-4 production from 1 x 106 peripheral mononuclear 
cells (PBMC)/ml obtained from children with food IgE mediated 
food hypersensitivity graded according to severity of reaction. 
Grade I-Mild, Grade 2-Moderate, Grade 3-Severe (see Table I 
for details). PBMCs cultured for 48 hours culture with phytohae- 
magglutinin (lOpg/ml). 

hypersensitivity. 
When graded according to severity of food hyper- 

sensitivity, no difference in INF-y production was 
observed in food hypersensitivity group; grade 1 vs 
grade 3 (p=0.22), grade 1 vs grade 2+3 (p=0.16). 
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Fig. 3. INF-y production from 1 x 106 peripheral blood mononu- 
clear cells (PBMCYml obtained from children with food IgE 
mediated food hypersensitivity (FOOD), atopic dermatitis (AD) 
and normal controls (NORMAL). PBMCs cultured for 48 hours 
with phytohaemagglutinin (lOpg/ml). Bold line represents medi- 
an values. 

Discussion 

We have shown that PBMC from children with IgE 
mediated food hypersensitivity with no clinical 
manifestations of other atopic disease have en- 
hanced IL-4 production but normal INF-y produc- 
tion in response to mitogenic stimuli. Studies exam- 
ining PBMC from children and adults with atopic 
dermatitis and asthma have shown combined en- 
hanced IL-4 and diminished INF-y production in re- 
sponse to mitogens such as PHA (4), ionomycin (2) 
and Concanavalin A (3). We have also observed in 
the current and previous studies (4, 12) enhanced 
IL-4 and diminished INF-y production in PHA stim- 
ulated PBMC from children with moderate-severe 
atopic dermatitis. This contrasts with our present 
findings in children with isolated food hypersensi- 
tivity, where increased IL-4 production but unim- 
paired INF-y production was observed. As mitogens 
stimulate T cells in an unrestricted polyclonal man- 
ner, our observations point to an underlying dysreg- 
ulation of IL-4 but not of INF-y in children with iso- 
lated IgE mediated food hypersensitivity. 

Previous studies examining cytokine production 
in allergen stimulated PBMC from subjects with IgE 
mediated food hypersensitivity have been unable to 
detect IL-4 in culture supernatants (13, 14) and re- 
ports of INF-y responses to allergens have been con- 
flicting. Both increased and decreased PBMC INF-y 
production have been observed in response to oval- 
bumin in egg sensitive children with atopic dermati- 
tis (14-17) and decreased INF-y in response to pea- 
nut allergen stimulation in peanut sensitive children 
(13). These studies did not specifically examine iso- 
lated food allergy as we have done, but rather food 
allergy in association with other atopic conditions 
such as asthma and atopic dermatitis. Thus findings 
of diminished INF-y in response to allergens may 
have been confounded by the presence of atopic 
dermatitis or asthma, both conditions in which de- 
creased INF-y responses to allergens have been ob- 
served ( 5 ,  18). Furthermore, as in vitro cytokine res- 
ponse to allergens reflect both the innate predisposi- 
tion to generate that cytokine and the frequency of 
sensitised cells, it is possible that the inherent de- 
crease in INF-y secretion by atopic cells may be 
counterbalanced by increased numbers of T cells 
sensitised to specific allergen in atopic subjects. 

As immediate food hypersensitivity reactions are 
an IgE mediated disease, and IL-4 is a principal de- 
terminant of IgE production, it is of interest that the 
clinical severity of the food reaction significantly 
correlated with IL-4 production in vitro. This sug- 
gests that the enhancement of in vitro IL-4 may have 
a direct relationship to the development of IgE me- 
diated disease in vivo. In support of such a notion, 
enhanced IL-4 has been previously correlated with 
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IgE production in atopic children (19), and size of 
skin prick test is significantly associated with the 
occurrence of IgE mediated food reactions (20). Of 
additional interest, we found no correlation between 
severity of food reaction and INF-y production, indi- 
cating a dissociation of IL-4 and INF-y production 
in isolated IgE mediated food hypersensitivity. 

The interrelation between INF-y and IL-4 in the 
development of atopic disease is of interest. INF-y 
downregulates IL-4 (21) while IL-4 can exert a neg- 
ative feedback on INF-y production (22). It has been 
unclear to what extent the imbalances of IL-4 and 
INF-y observed in atopic disorders result from sepa- 
rate intrinsic defects of production or secretion or 
are determined by mutual interaction of these cy- 
tokines. Our findings demonstrate increased IL-4 
production independently from reduced INF-y pro- 
duction and imply that decreases of the latter are not 
necessarily due to down regulation by enhanced IL- 
4. This suggests that "atopy" may be heterogeneous 
with respect to imbalances of INF-y and IL-4. 

We have shown that children with food hypersen- 
sitivity alone when compared with children with at- 
opic dermatitis have differences in cytokine profiles 
from mitogen stimulated PMBC. The numbers in 
this study were relatively small and further studies 
would be of interest. The existing studies with food 
allergen stimulation are conflicting and it would 
also be of interest to examine cytokine production in 
response to relevant food allergens in children with 
isolated food hypersensitivity. Our data suggest that 
intrinsic differences in cytokine profiles may deter- 
mine different manifestations of atopic disease. 
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