
Severe allergic reactions to foods are predicted 
by increases of CD4+CD45RO+ T cells and loss 
of L-selectin expression 
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Objective: The aim of the study was to determine whether the 
clinical outcome of double-blind, placebo-controlled food 
challenges of patients with atopic dermatitis would be associ- 
ated with changes in lymphocyte functions. 
Methods: Peripheral blood mononuclear cells were prepared 
from 19 children with atopic dermatitis and stimulated in 
vitro with the suspected allergen (cow's milk, hen's egg), tet- 
anus toxoid, and pokeweed mitogen. After 14 days in culture, 
quantitative and qualitative distribution of cell surface 
marker expression was assessed by flow cytometry, and re- 
suits were compared with the clinical outcome of a subse- 
quent oral food challenge. 
Results: After stimulation with the allergen, a significant in- 
crease of CD4+CD45RO+ T cells (p < 0.05) was detected 
selectively for patients showing severe clinical reactions. This 
increase was not detected for patients with mild or no reac- 
tions or in six nonatopic control subjects. Increased expres- 
sion of CD45RO was paralleled by a significant decrease in 
L-selectin expression (p < 0.05) for the same patient group. 
Conclusion: The combined assessment of CD4+CD45RO+ 
and CD4+L-selectin+ expression on T cells was more sensi- 
tive for the prediction of the clinical outcome of the food 
challenge (p < 0.01) than measurement of cytokines or im- 
munoglohulins in cell culture supernatants. These data indi- 
cate that a shift in lymphocyte functions may predict the de- 
velopment of severe allergic reactions in food-sensitized 
children with atopic dermatitis. (J Allergy Clin Immunol 
1997;99:522-9.) 
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In childhood, atopic dermatitis (AD) is one of the 
most common and troublesome chronic diseases. In up 
to one third of cases, food allergy plays an important  role 
in the pathogenesis of AD. 1 Not only eczematous reac- 
tions but  also urticaria, gastrointestinal and respiratory 
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Abbreviations used 
AD: Atopic dermatitis 
CM: Cow's milk 

DBPCFC: Double-blind, placebo-controlled 
challenge 

HE: Hen's egg 
IFN-~: Interferon-~ 

PBMCs: Peripheral blood mononuclear cells 
PWM: Pokeweed mitogen 

food 

symptoms, 2 and even fatal anaphylactic reactions are 
reported in patients with food allergy and AD. 3 Mea- 
surements of specific IgE antibodies do not  always 
correlate with results of oral provocation tests, 4 and 
there are still no objective measures that prove or 
predict clinical actuality of sensitization. Only double- 
blind, placebo-controlled food challenges (DBPCFCs) 
are accepted as the "gold standard" for diagnosis of food 
allergy in these children, s-7 

The development of immediate-type hypersensitivity 
responses is T-cel l -dependent .  The cell infiltrate in skin 
lesions of AD predominantly consists of CD4+  T cells, s 
These can be  subdivided according to different states of 
functional activities. 9 C D 4 + C D 4 5 R A +  lymphocytes 
represent "naive" T cells, whereas C D 4 + C D 4 5 R O +  
lymphocytes are characterized as effector T cells. The 
latter group is found in almost all inflammatory skin 
disorders, including allergen-induced late-phase reac- 
tions.10.11 Elevated numbers  of C D45R O+ cells in skin 
lesions may be due to an increased recruitment of these 
cells by specialized adhesion molecules or to in situ 
activation of CD4+ T cells. Because T cells play a 
critical rble in the immunopathogenesis of AD, it was 
the aim of this study to investigate whether in vitro 
lymphocyte functions and the state of T-cell activation 
would be possible predictors of the clinical outcome of 
DBPCFC in children with AD. 

METHODS 
Study population 

Nineteen children (12 boys and 7 girls) with suspected allergy 
to milk and/or egg were selected for the study. Ages ranged 
from 5 months to 10 years (mean age, 3.2 years). All patients 
had AD as defined by the criteria of Sampson 12 and Seymour et 
al., 13 modified from those of Hanifin and Rajka. 14 The inclusion 
criterion was suspicion of food-related worsening of eczema or 
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TABLE I. Clinical outcome of oral food challenges 

Specific IgE Challenge dose 
Reaction Patient Allergen (kU/I) Type of Reaction (ml)* Symptoms after DBPCFC 

Severe O.E. HE 2.5 ER 30 Generalized urticaria 
J.B. HE 9.2 ER 10 Edema, urticaria, wheezing 
T.T. HE 27.9 ER 1 Severe urticaria 
H.C. HE >100.0 ER 30 Severe diarrhea, eczema 
P.H. HE >100.0 ER 1 Wheezing, dyspnea 
K.M. CM 42.1 ER 10 Urticaria, wheez!ng 
T.T. CM 75.0 ER 1 Severe urticaria 
P.H. CM >100.0 ER 3 Wheezing, dyspnea 

Mild A.H. HE 1.1 LR 30 Eczema 
C.M. HE 2.7 ER + LR 30 Eczema 
C.A. HE 24.1 ER 30 Eczema 
K.M. HE 42.8 ER 10 Eczema, urticaria 
E.R. HE 87.1 ER + LR 10 Eczema, nausea 
A.H. CM 0.8 ER 100 Eczema, nausea 
L.P. CM 3.9 ER + LR 100 Eczema 

None M.M. HE <0.35 30 
C.B. HE <0.35 30 
D.F. HE <0.35 30 
G.L. HE <0.35 30 
M.M. HE <0.35 30 
U.L HE 1.2 30 
C.B. HE >100.0 30 
M.M. CM <0.35 100 
C.B. CM <0.35 100 
D.F. CM <0.35 100 
G.L. CM <0.35 100 
M.M. CM <0.35 100 
J.S. CM <0.35 100 
E.R. CM >100.0 100 
C.B. CM >100.0 100 

ER, Early reaction; LR, late phase reaction. 
*Highest possible dose: HE = 30 ml and CM = 100 ml. 

immediate-type clinical reactions. Patients were challenged 
with cow's milk (CM) and/or hen's egg (HE) according to their 
history (Table I). 

Total IgE ranged from 6 to 85,200 kU/L (mean, 10,815 kU/l). 
Thirteen children had specific IgE antibodies to CM and/or HE. 
Anti-CM-specific IgE ranged from 0.8 kU/L to more than 100.0 
kU/L (mean, 60.3 kU/L), and anti-I-IE~-specific IgE ranged from 
1.1 kU/L to more than 100.0 kU/L (mean, 41.6 kU/L) (Table I). 

Six nonatopic children (3 girls and 3 boys) between the ages 
of 10 months and 17 years (mean age, 6.1 years) without a 
history of food intolerance served as control subjects. Total IgE 
ranged from 1 to 36 kU/L (mean, 16.3 kU/L). Results of tests 
for specific IgE against CM and HE and a screening test for 
specific IgE against aeroallergens were all negative (<0.35 
kU/L). 

DBPCFCs 

A total of 30 oral titrated food challenges were performed in 
the 19 children with suspected allergy to milk and/or egg in a 
double-blind, placebo-controlled clinical setting as recently 
described, is Patients, parents, and investigators were blinded. 
Nineteen allergen provocations were performed in sensitized 
children, and 11 were performed in nonsensitized children. Of 
all food challenges, 13 were performed with CM, and 17 were 
performed with HE according to history. For at least 5 days 
before provocation, patients were given a milk-free and/or 

egg-free diet. Antihistamines were withdrawn at least 3 days 
before challenge. Topical corticosteroids were allowed twice a 
day in a concentration of 0.01% betamethasone. Blood was 
sampled before provocation. 

Successive doses of native HE were 0.1, 0.3, 1.0, 3.0, 10.0, and 
30.0 ml (which represents 1 full egg); successive doses for CM 
were identical but included additional doses of 100.0 ml and 
200.0 ml. The time interval between each dose was 30 minutes. 
An extensively hydrolyzed casein formula with added banana 
flavor was used to mask the allergen (1:1 mixture). Placebo 
challenges were performed by administering the same volumes 
of the casein hydrolysate-banana flavor solution. The children 
were observed for up to 48 hours after each allergen or placebo 
challenge. 

The food challenges were scored as positive if objective 
clinical reactions such as exacerbation of eczema, urticaria, 
Quincke edema, wheezing, vomiting, or diarrhea were ob- 
served. The severity of eczema was scored according to the 
method of Costa et al., 16 and all clinical reactions were graded 
(mild and severe) according to the criteria listed in Table II. 

Cell preparation 

Peripheral blood mononuclear cells (PBMCs) were purified 
from heparinized blood by density-gradient centrifugation 
(Lymphoprep; Biotest, Darmstadt, Germany) for 20 minutes at 
2000 rpm at room temperature. Cells from,the interface were 
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TABLE II. Grading of severity of clinical reactions 
on DBPCFC 

Reaction 

Mild Severe 

AD (Costa score A) 5-15 >15 
Urticaria (no. of wheals) 2-5 >5 
Quincke edema - + 
Respiratory symptoms - Wheezing, dyspnea 
Gastrointestinal symptoms Nausea Diarrhea or vomiting 

washed three times (10 minutes, 3000 rpm, at room tempera- 
ture) and cultured in RPMI-1640 medium (Biochrom, Berlin, 
Germany) supplemented with 10% heat-inactivated fetal calf 
serum (Behringwerke AG, Marburg, Germany), 2 mmolfL 
glutamine (Biochrom), 100 IU/ml penicillin (Biochrom), 100 
Ixg/ml streptomycin (Biochrom), and 0.2 ixg/ml amphotericin B 
(Gibco/BRL, Gaithersburg, Md.). 

Culture conditions 
PBMCs (2 × 106) were incubated for 14 days in 24-well 

fiat-bottom tissue culture plates (Greiner, Frickenhausen, Ger- 
many) at 37°C in a 5% CO2 atmosphere in culture medium 
alone, with 50 i~g/ml ovalbumin, with 50 Ixg/ml bovine casein 
(Sigma, Deisenhofen, Germany), with 5 ixg/ml tetanus toxoid 
(Behringwerke AG), or with 1 Ixg/ml pokeweed mitogen 
(PWM). Previously performed dose-response experiments 
identified optimal proliferation at these concentrations (data 
not shown). Because of the limitations in cell numbers, one 
concentration was chosen for these in vitro experiments. 

After 48 hours, cell-free culture supernatants were ex- 
changed with fresh culture medium to remove antigens that 
would interfere with the measurement of antigen-specific im- 
munoglobulin production in the Fluorescence Enzyme Immuno 
Assay and ELISA systems and to determine interleukin pro- 
duction in culture supernatants. On day 14, cell-free culture 
supernatants were removed to determine the immunoglobulin 
production, and cells were harvested to analyze surface marker 
expression by flow cytometry. All supernatants were kept frozen 
at -20°C until they were analyzed. The cell viability was 
determined by trypan blue staining. 

Flow cytometric analysis of cell surface marker 
expression 

The distribution of T-cell subpopulations was analyzed after 
14 days in culture. Cells were harvested and washed with 
phosphate-buffered saline (20 minutes, 1500 rpm, at room 
temperature), resuspended in phosphate-buffered saline, and 
incubated with antibodies for 15 minutes at 4 ° C in the dark. 
After washing once again in phosphate-buffered saline supple- 
mented with 0.1% sodium azide, lymphocyte subsets were 
analyzed on a FACScan analyzer (Becton Dickinson, Heidel- 
berg, Germany) as previously described. 17 Directly labeled 
monoclonal antibodies against the following cell surface mole- 
cules were used: CD45/CD14, CD4 (ftuorescein isothiocya- 
hate), CD8 (PE, Becton Dickinson), CD45RA (fluorescein 
isothiocyanate), L-selectin (fluorescein isothiocyanate; Immu- 
notech, Marseille, France), CD4 (CytoChrom; PharMingen, 
San Diego, Calif.), and CD45RO (PE; Dako, Hamburg, Ger- 
many). The percentages of CD45RO+ and L-selectin+ (LAM- 
1+, LECAM-I+, Leu-8+) cells relative to total CD4+ T cells 
were calculated. 

Determination of IL-4 and interferon-y (IFN-y) in 
culture supernatants 

Commercially available ELISA kits were used to determine 
IFN-~/(Biosource, Camarillo, Calif.) and IL-4 (Dianova, Ham- 
burg, Germany). The IFN-~ assay provided linear results from 
4 to 1000 pg/ml, and the IL-4 assay provided results from 60 to 
1000 pg/ml. To measure IL-4, cell culture supernatants were 
concentrated fourfold by ultra filtration (Centricon 10 kD; Ami- 
con, Witten, Germany). 

Determination of IgG, IgA, and IgM in culture 
supernatants 

Immunoglobulin production was measured in culture super- 
natants by ELISA. Ninety-six-well round-bottom microtiter 
plates (Greiner) were coated with affinity-purified goat anti- 
human IgG, IgA, and IgM antibodies (Tago, Burlingame, 
Calif.) diluted in 0.1 mol/L NaHCO3 at a concentration of 3 
Izg/ml, 10 Ixg/ml ovalbumin, or 10 ixg/ml casein (Sigma) and left 
overnight at 4 ° C. After washing three times with washing buffer 
(0.1 mol/L Tris base plus Tween-20, adjusted to pH 8.2), wells 
were blocked with blocking buffer (1% sheep casein-Tris 
[wt/vol] for IgG; 1% bovine serum albumin/Tris [wt/vol] for IgA 
and IgM) for 2 hours at 37 ° C. Supernatants and human Ig 
standards were diluted in blocking buffer and incubated in 
duplicate overnight at 4 ° C. Alkaline phosphatase-conjugated 
goat anti-human IgG, IgA, and IgM antibodies (Tago) were 
added (final concentration, 3 ixg/ml), and plates were incubated 
for 2 hours at 37 ° C with para-nitrophenylphosphate (Sigma) as 
substrate. Optical density was measured in an automated 
Microplate ELISA reader (Dynatech, Deenkendorf, Germany) 
at a wavelength of 405 nm, and quantities of immunoglobulin 
were calculated according to the standard curves. Limits of 
detection in the ELISA system were 10 ng/ml for IgG and 2 
ng/ml for IgA and IgM. 

Determination of IgE in serum and culture 
supernatants 

Concentrations of total and anti-CM-specific and anti-HE- 
specific IgE antibody titers in serum and culture supernatants 
were determined by FEIA with the Pharmacia CAP system 
(Kabi-Pharmacia, Uppsala, Sweden). is The detection limit was 
0.35 kU/ml IgE. 

Statistical analysis 
Nonparametric analysis (Wilcoxon signed-rank test) was ap- 

plied to determine significant differences of CD4+CD45RO- 
and CD4+L-selectin expression on T cells between medium- 
and allergen-, antigen-, or mitogen-incubated T cells. Differ- 
ences associated withp values of less than 0.05 were considered 
significant. The Mann-Whitney U test was used to describe 
significant differences between results from the allergen-chal- 
lenged group of children with severe, mild, or no reactions and 
the control subjects. Nonparametric Spearman's rank correla- 
tion was used to test for correlation between various cellular, 
cytokine, and immunoglobulin measurements. The chi square 
test was used to describe the significant relationship between 
the clinical outcome of food challenges and the combination of 
changes in laboratory parameters after in vitro stimulation with 
the relevant allergen. 

RESULTS 
Clinical outcome of the food challenges 

According to clinical criteria, 15 of  30 food challenges 
were judged as positive; the other  15 were judged as 
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negative (Tables I and II). All 15 positive reactions 
occurred in the group of sensitized children. Severe 
clinical reactions were found in eight challenges: wheez- 
ing and dyspnea developed in two cases; in five cases 
urticaria was observed (one child had additional wheez- 
ing and Quincke edema, and one other child had 
additional wheezing). The eighth child showed severe 
diarrhea and exacerbation of eczema. In six cases symp- 
toms developed before administration of the highest 
allergen dose; all reactions were early phase. For the 
seven children with mild reactions, slight exacerbation of 
AD was the predominating symptom. In two cases mild 
gastrointestinal symptoms with nausea occurred; one 
child had urticaria. In five of seven cases symptoms did 
not develop before administration of the highest aller- 
gen dose. Three early-phase, three early-phase plus 
late-phase, and one isolated late-phase reactions were 
recorded in this group. 

Association between clinical outcome of food 
challenges and changes in lymphocyte subsets 

Lymphocytes were prepared from patients and control 
subjects before food challenges and stimulated in vitro 
with the suspected allergen (ovalbumin or bovine ca- 
sein). The frequency of CD4+CD45RO+ T cells was 
measured after stimulation with the allergen and com- 
pared with the medium control. As shown in Fig. 1, a 
significant increase in the CD4+CD45RO+ T-cell sub- 
set was found only for patients with severe clinical 
reactions to the food challenge (p < 0.05). In seven of 
eight provocations, an increase in the frequency of this 
T-cell subset was observed. This shift was selectively 
detected in the patient group with severe reactions and 
was not observed in patients with AD and mild or no 
clinical reactions or in nonatopic control subjects after 
stimulation with the same allergen (Fig. 1). 

Expression of L-selectin on T cells represents an 
important adhesion molecule that allows homing of T 
cells in the lymph node. When T cells leave regional 
lymph nodes as activated effector cells, they no longer 
express L-selectin. We therefore measured the expres- 
sion of this adhesion molecule on T cells from patients 
undergoing food challenges to determine whether simi- 
lar changes would also occur under cell culture condi- 
tions. As shown in Fig. 1, the increased frequency of 
CD4+CD45RO+ T cells was paralleled by a significant 
decrease in L-selectin expression on CD4+ T cells (p < 
0.05), which was found only in patients with severe 
clinical reactions and not in those who had mild or no 
symptoms after provocation or in nonatopic control 
subjects (Fig. 2). This loss of L-selectin was observed in 
the CD4+CD45RO+ T cells. 

To analyze whether increased CD45RO expression 
and decreased L-selectin expression would be a specific 
effect of lymphocyte stimulation with the allergen, cells 
of five patients and six nonatopic control subjects were 
also incubated with an antigen and a T-cell-dependent 
B-cell mitogen (PWM). Two of the five patients had 
severe reactions, one had a mild reaction, and two had 

no reaction. Tetanus antigen was selected because all 
individuals were sensitized to this antigen by vaccination. 
CD4+ T cells of both atopic patients and nonatopic 
individuals responded with an increased expression of 
the CD45RO isoform (p < 0.05) (Fig. 2, A) and a 
decreased expression of L-selectin (p < 0.05) (Fig. 2, B) 
after stimulation with antigen and mitogen. 

Table III shows the clinical outcome of food chal- 
lenges and in vitro changes in T-cell marker expression. 
When the increased expression of CD45RO and de- 
creased expression of L-selectin were combined, these 
changes predicted the development of severe clinical 
reactions (p < 0.01) and distinguished this patient group 
from those patients with mild or no reactions and 
nonatopic control subjects without any signs of food 
sensitivity. 

Production of cytokines and immunoglobulins in 
cell culture 

To assess whether the shift in T-cell distribution and 
activation would correlate with changes in cytokine and 
immunoglobulin production, cell culture supernatants 
from allergen-, antigen-, and mitogen-stimulated cells 
were collected and analyzed for production of IL-4 and 
IFN-~/. Although the clinical outcome of the food chal- 
lenges did not correlate with changes in the production 
of IL-4 or IFN-~/, a differential pattern of IL-4 and IFN--/ 
production was found in cell culture supernatants from 
atopic and nonatopic individuals after stimulation with 
PWM. IFN--/ production was reduced in comparison 
with that of control subjects, whereas IL-4 was found to 
be elevated in the three of six sensitized patients with 
AD who had the highest level of total and allergen- 
specific serum IgE (46,700, 59,760, and 85,200 kU/L; 
anti-CM/HE IgE concentration > 100 kU/L). 

Differential production of IL-4 and IFN--/for atopic 
and nonatopic patients was also reflected by differences 
in the level of in vitro immunoglobulin production. As 
expected, increased production of IL-4 after PWM 
stimulation was paralleled by an elevation in total IgE. 
However, similar to the results for cytokine secretion, 
clinical outcome of DBPCFC did not correlate with in 
vitro production of total and allergen-specific IgE or of 
other immunoglobulin isotypes including IgA, IgM, and 
IgG (data not shown). 

DISCUSSION 

The development of severe clinical reactions after 
food challenges correlates with distinct changes of in 
vitro T-cell activation. When lymphocytes from patients 
with severe reactions were stimulated with the relevant 
allergen, an increased population of CD45RO+ T cells 
was detected, which was paralleled by a reduced expres- 
sion of L-selectin on the same T-cell subset. These 
changes were specific because they were allergen-depen- 
dent and were found only in those patients who had 
severe clinical reactions. These results suggest that many 
of the clinical signs and symptoms that occur in food 
allergy may be triggered and controlled by T cells. 
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FIG. 1. Analysis of CD45RO and L-selectin expression on CD4+ T cells from nonatopic control subjects and 
from patients with AD and severe, mild, or no clinical reactions. Before food challenge, PBMCs were prepared 
and incubated with medium or allergen for 14 days. At the end of the culture period, cells were harvested, and 
expression of CD45RO isoform and L-selectin were analyzed on CD4+ T cells. Expressed are differences in the 
percentage between allergen stimulation and medium culture for each individual. In the lower panel, absolute 
percentages of CD45RO+ and L-selectin+ CD4+ T lymphocytes are shown for individual patients with severe 
clinical reactions on DBPCFC. *p < 0.05, **p < 0.01. 

CD4+ T cells are subdivided into naive, resting T cells 
and activated T cells with effector or memory functions. 9 
A suitable marker with which to distinguish these differ- 
ences is the expression of different isoforms of the CD45 
receptor family. Expression of CD45RA usually corre- 
lates with a resting state of T-cell activity. In contrast, 
after encounter with an antigen or allergen, activated T 
cells acquire the CD45R0 isoform, which is paralleled by 
a downregulation of CD45RA expression. Effector T 
cells produce a variety of cytokines including IL-2, IL-4, 
IL-5, and IFN-~ and provide help for immunoglobulin 
production. 19 

Continuous exposure to basic food antigens, including 

CM and HE, may provide a strong activation signal for 
T cells, resulting in polyclonal proliferation of allergen- 
specific lymphocytes and development of allergen-spe- 
cific effector T cells. Because it is well established that 
casein is the main protein recognized by IgE antibodies 
in patients allergic to milk, we selected this protein for in 
vitro studies. 2° In addition to casein, other allergens have 
been identified in CM (e.g., [3-1actoglobulin and c~-lact- 
albumin). However, because of limitations in cell num- 
bers and in order to obtain a clear response pattern, we 
decided to study response to casein in our patients. 

Numerous studies have shown that T cells of patients 
allergic to egg respond well to stimulation with ovalbu- 
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FIG. 2. Changes in CD45RO and L-selectin expression after incubation with tetanus toxoid (Tet) and PWM. 
PBMCs were prepared from five patients with AD and six nonatopic control subjects and incubated with 
medium (Med), tetanus toxoid, and pokeweed mitogen (PWM)for 14 days. At the end of the culture period (14 
days), cells were harvested, and expression of CD45RO isoform (A) and L-selectin (B) were analyzed on CD4+ 
T cells. *p < 0.05. 

min. In addition to ovalbumin, ovomucoid has recently 
been identified as another important egg allergen that 
binds to IgE antibodies. 21 However, it is not clear how 
IgE-binding capacity relates to the T-cell response pat- 
tern, and information on ovomucoid as an additional 
important allergen was not available at the beginning of 
our experiments. 

In vitro stimulation of circulating T cells with the 
allergen will result in further stimulation of the T-cell 
subset reflected by the growth of the CD45RO+ T-cell 

population over time. Another explanation for this phe- 
nomenon could be that the changes reflect antigen-induced 
memory cell responses by CD45RO + T cells because these 
individuals are already sensitized to these allergens. 

The frequency of allergen-specific T cells in periph- 
eral blood is low (1:50,000). To allow significant expan- 
sion of the few allergen-specific T cells present in 
culture, an incubation period of 14 days was chosen. 
Preliminary experiments indicated that a high number of 
cells harvested after this time were still alive. Further- 
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T A B L E  III. Prediction of development  of allergic 
reaction by combined consideration of changes in 
CD4 ÷ CD45RO ÷ and CD4 ÷ L-selectin 

CD4 + CD45RO + t and 
CD4 + L-selection 

Positive Negative 

Severe clinical reaction 7 1 
after food challenge 

Mild clinical reaction 0 7 
after food challenge 

No clinical reaction 4 11 
after food challenge 

Control subjects 3 9 

more, the analysis of cell marker expression was per- 
formed with a life gate to further exclude analysis of 
dead cells. 

During the development of an antigen- or allergen- 
specific immune response, T-cell activation occurs in 
local and regional lymph nodes. To migrate and home 
in, these tissue T cells express adhesion molecules 
including L-selectin. 22,23 Effector T cells then leave 
lymph nodes to travel to the local (inflammatory) tissue 
where they control the effector phase of the immune 
response. According to this concept, our in vitro results 
reflect the development of effector T ceils in a fashion 
similar to that under in vivo conditions. Acquisition of 
the CD45RO isoform is paralleled by reduced expres- 
sion of L-selectin on these cells; this loss of L-selectin 
allows the T cells to leave the lymph node and to migrate 
toward the inflammatory tissue, where expression of 
homing receptors may be a prerequisite for tissue- 
specific T-cell invasion. 

Skin biopsy specimens from patients with AD have 
shown that the T-cell infiltrate predominantly consists of 
CD4+ T cells s with a high level of CD45RO+ T cells. 24 
Similar results were obtained from skin biopsy speci- 
mens of allergen-induced late-phase reactions. 11 To 
reach the skin as a target organ of allergic inflammation, 
a critical role is proposed for expression of a specific 
homing receptor, the cutaneous lymphocyte receptor. 
Abernathy et al. 25 were able to show a significant 
upregulation of this homing receptor in children with 
milk-induced eczema after in vitro stimulation with 
casein. 

To further characterize these allergen-specific effector 
cells, cytokine secretion and immunoglobulin produc- 
tion were measured. Previous studies demonstrated an 
optimal time point for IgE determination after culturing 
cells for 10 to 14 days. 26 Our initial hypothesis was that 
these activated T cells would secrete increased amounts 
of IL-4 and provide help for IgE. 27 The results, however, 
indicate that these allergen-stimulated T cells do not 
produce IL-4 in a concentration detectable by our 
ELISA system, in spite of a fourfold concentration of the 
cell culture supernatants by ultrafiltration. Other au- 
thors report similar negative findings after allergen 

stimulation. 2s Only after mitogen stimulation were we 
able to detect an increased production of IL-4 in cell 
cultures of patients with AD, which was paralleled by a 
decreased IFN-~/ secretion compared with the control 
group. Such differences in cytokine production are in 
line with results published by several groups. 29-32 No 
differences in cytokine production were detected with 
regard to the manifestation of clinical signs and symp- 
toms after DBPCFC. In addition, on the level of immu- 
noglobulin production, higher amounts of IgE produc- 
tion were found in all atopic patients, but no differences 
were detected between patients with various degrees of 
clinical reactions and those who did not react during 
DBPCFC. Accordingly, T cells from patients with severe 
reactions provide help for IgE, but no more effectively 
than T cells from other atopic patients. Therefore IL-4 
production and stimulation of IgE synthesis by these T 
cells cannot be considered as markers for predicting the 
development of symptoms in food allergy. 

In conclusion, our data indicate that changes in lym- 
phocyte subpopulations during in vitro stimulation with 
the relevant allergen may predict severe symptoms dur- 
ing food challenges in food-sensitive children. Cytokine 
production by T cells and the stimulation of immuno- 
globulin synthesis are not suitable predictors of the 
development of symptoms in children with food allergy. 
Because we studied a relatively small number of pa- 
tients, we are currently not able to indicate a cutoff level 
of changes in T-cell distribution and activation that may 
correlate with such clinical reactions. The results from 
this study may be useful to delineate pathologic mecha- 
nisms of food allergy; however, large-scale studies-- 
including some with ovomucoid as a stimulatory aller- 
g e n - a r e  required to evaluate how our results translate 
to individual laboratory test results. 
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