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In the pathogenesis of allergic reactions, T cells and cytokines play a major 
role. However, characterizations of food allergen-specific T cells are very 
limited. In this study, we screened the peripheral blood mononuclear cells 
(PBMC) of 14 patients for reactivity to ovomucoid (Gal d I), the major 
hen's egg allergen, and ovalbumin (Gal d 11). Cell lines and clones specific 
to ovomucoid were generated from PBMC of four egg-allergic subjects, in 
order to study antigen domain specificity and cell cytokine production pro- 
files. The results demonstrated, firstly, that egg-allergic patients respond to 
ovomucoid rather than to ovalbumin, and, secondly, that antigen specificity 
is predominantly directed toward the second and third domains of ovomu- 
coid. The T-cell cytokine message was characterized by reverse transcrip- 
tase polymerase chain reaction (RT-PCR). Cell lines and clones from all 
four patients consistently expressed interleukin (1L)-5. IL-4, IL-13, and in- 
terferon-gamma were found to be expressed only by certain lines or clones. 
This observation suggests a central pathogenic role for IL-5 in food allergy- 
related symptoms. 

T cells and Tcell cytokines play an important role 
in the modulation of allergic responses and IgE pro- 
duction. Specific epitope recognition of the corre- 
sponding antigen by TCR initiates an immune 
response and cytokine production. Major antigenic 
epitopes may be defined by stimulating T cells with 
short peptide fragments, obtained either by protease 
cleavage of antigenic proteins, or by generation of 
overlapping synthetic peptides. Over the last several 
years, diverse allergen-specific Tcell lines and 
clones have been extensively studied. For example, 
ragweed antigen recognition by T cells was defined 
by Meuer et al. ( l) ,  house-dust mite antigen Der p I 
by Lanzavecchia et al. (2), birch pollen antigen Bet 
v I by Ebner et al. (3), and, more recently, phospho- 
lipase A2 antigen from bee venom by Carballido et 
al. (4). Besides bee venom allergen, most of the cell 
lines were specific to aeroallergen with symptoms 
mainly of the respiratory tract. 

Peptide-mediated immunomodulation of Tcell 
responses to dust-mite allergen has been documen- 
ted. Establishing antigen-specific Tcell lines and 
clones allows extensive studies of these mechanisms 
at the molecular level. House-dust-mite-specific 
Tcell responses could be downregulated by an anti- 
gen-blocking peptide binding to selected HLA class 
I1 molecules (5). T-cell response to dust-mite aller- 
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gen was abrogated in nude mice when a peptide cor- 
responding to the major Tcell epitope was adminis- 
tered by nebulization (6). Ultimately, a better under- 
standing of T-cell epitope recognition and modula- 
tion may lead to more specific and safer forms of im- 
munotherapy in IgE-mediated allergic disease (7). 

Diverse cytokines are secreted by T cells to mod- 
ulate allergic responses. Interleukin (1L)-4, IL- 12, 
IL-13, and interferon-gamma (IFN-y) have been 
shown to be involved in antibody class switching, 
modulation of antibody secretion, and chemotaxis 
of inflammatory cells. IL-4 and IL-13 are the princi- 
pal cytokines promoting B-cell switching to IgE iso- 
type production, and, together with IL-5, are 
cytokines characteristic of TH2 cells. In contrast, 
IFN-y is secreted by TH1 subsets and inhibits 
switching of B cells to IgE isotype production (8). 
IL-5 has been found to be expressed in bronchial bi- 
opsies of asthmatic patients after antigen challenge 
(9), and also in skin biopsies from patients with 
chronic atopic dermatitis lesions (10). These find- 
ings have been correlated with an increase in eosi- 
nophil numbers, suggesting Tcell involvement in 
eosinophil recruitment in target organs. 

Although Tcell processing of specific aeroaller- 
gens such as those of Dermatophagoides has been 
extensively studied and well characterized, only 
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Table 1. Proliferative response of PBMC in egg-allergic patients (six children 
and four adults) to ovomucoid andlor ovalbumin 

Patients No antigen (cprn) Ovomucoid (cpm /SI) Ovalbumin (cprn ISI) 

E. R. 499 11 9112.4 8411 I .7 

J. s. 2835 8645 1 3 68510.2 
B.P 2002 230341 11.5 754313.8 

E S. 209 11 269154 60612.9 
T Y 370 1012/2.7 63111.7 
C. C. 2472 97531 3.9 26410.1 
T. K. 279 67012.4 22210.8 
P B. 479 192014 29710.6 
X.M. 506 80411.6 126112.5 
J. K. 782 1372311 7.5 13610.2 

Ovomucoid vs. ovalbumin: P =  0.02. 

limited information is available on the Tcell re- 
sponse to food allergens (1 1). Egg is one of the most 
common sources of food allergens, and elicits vari- 
ous clinical symptoms (12). In a previous report, 
ovomucoid (Gal d I) was found to be the major 
hen’s egg allergen, since egg-allergic patients diag- 
nosed by double-blind, placebo-controlled food 
challenge (DBPCFC) had greater skin test reactivity 
to ovomucoid than to ovalbumin (Gal d 11), as well 
as higher levels of ovomucoid-specific IgE in the 
serum. Furthermore, ovomucoid-specific IgE levels 
correlated with clinical reactivity to egg, whereas 
antibodies to ovalbumin, ovotransferrin (Gal d 111), 
and lysozyme (Gal d IV) did not (13). 

In this communication, we report the generation 
of ovomucoid-specific Tcell lines and clones for 
studies of antigen specificity, and antigen-driven 
Tcell cytokine expression in egg-allergic subjects. 
In an initial screening, peripheral blood mono- 
nuclear cells (PBMC) grown from egg-allergic pa- 
tients were found to be predominantly specific to 
purified ovomucoid, but not to ovalbumin, provid- 
ing further support for our previous observations. 
The CD4+ Tcell lines and clones subsequently gen- 
erated from four egg-allergic subjects showed vari- 
able proliferative responses to the ovomucoid do- 

mains, with T cells from one patient consistently 
proliferating to the second domain, and from a sec- 
ond patient to the third domain. Cytokine profiles of 
antigen-stimulated T cells determined by reverse 
transcriptase polymerase chain reaction (RT-PCR) 
revealed that IL-5 was consistently expressed by all 
T cells. IL-4, IL-13, and IFN-y were found to be ex- 
pressed only by specific lines or clones. 

Material and methods 
Initial screening for ovalbumin and ovomucoid 
PBMC were separated on Ficoll-HypaqueTM (Phar- 
macia Biotech, Piscataway, NJ, USA, and Sanofi- 
Wintrop, New York, NY, USA), and prepared as 
previously described (14). The cells were washed 
and resuspended at 4 x 106 cells /ml in RPMI 1640 
medium with 5% autologous plasma, supplemented 
with 2 mM L-glutamine, 100 IUfml penicillinfstrep- 
tomycin (Gibco Life Technologies, Grand Island, 
NY, USA). A total of 200000 cells per well was cul- 
tured in the presence of either purified grade VII 
ovomucoid (200 pg), or ovalbumin (260 pg) (Sigma 
Chemicals, St Louis, MO, USA). Ovalbumin was 
repurified to remove contaminating ovomucoid, as 
described previously (13). The purity of both anti- 
gens was verified by SDS-PAGE. Both negative 
controls (culture media only) and positive controls 
(either PHA and/or tetanus toxoid) were included in 
each assay. Previous studies showed that prolifera- 
tion was maximal at 7 days. After this culture time 
period, the cells were pulsed for 18 h with 1 pCi ’H- 
labeled thymidine (Amersham, Arlington Heights, 
IL, USA), harvested, and counted on a liquid scintil- 
lation counter (Beckman Instruments, Fullerton, 
CA, USA). The results of triplicate test conditions 
were expressed as an average cpm, and as a stimula- 
tion index (SI) (SI = cpm with antigen/cpm without 
antigen). An SI equal to or greater than 2 was con- 
sidered significant. Statistical analysis was per- 
formed by Fisher’s exact test. 

Table 2. Proliferative response of PBMC from egg-allergic patients to ovomucoid and each of three ovomucoid domains 

Patients No antigen Ovomucoid OMCHll OMCHl2 OMCH13 
(cpmISIl (cpm1SI) (cpmlSI) 

E. R. 499 119112.4 42010.8 41110.8 423 I 0.8 
B. P 2002 2303411 1.5 4225 1 2.1 491712.5 424412.1 
J. S. 2835 864513 2006/0.7 259810.9 303211 . I  
N. L. 538 37410.7 24710.5 98211 .a 26310.5 
T.Y. 370 101212.7 150214.1 64311.7 1513/4.1 
C. C. 2472 975313.9 ND 96810.4 374611.5 
J. 8. 3607 878812.4 741412.1 4442 1 1.2 602511.7 
L. B. 550 87 1 0.2 61 10.1 36710.7 172/0.3 
J. C. 2313 1683517.3 NO 2729 1 1.2 5257 1 2.3 
A. G .  919 584916.4 NO 1090/1.2 1303/1.4 

Results are expressed as cpm or as stimulation indices (9). ND: not determined. 
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Patients 
Six children (average age 5.6 years; range: 2-16 
years) with atopic dermatitis and egg allergy diag- 
nosed by DBPCFC, and four egg-allergic adult pa- 
tients were screened for antigen specificity to 
ovalbumin or ovomucoid. Subsequently, cell lines 
and clones were generated from four adult egg- 
allergic subjects. All four patients were prick skin 
test positive and had a history of IgE-mediated reac- 
tions to egg, with predominantly upper respiratory 
and gastrointestinal symptoms; none had active at- 
opic dermatitis. Two were male and two female; 
three patients were Caucasian and one was Asian. 
Ovomucoid domain specificity was studied on the 
cell lines and clones, and on PBMC from 10 egg- 
allergic children with atopic dermatitis and positive 
DBPCFC (average age 5.5 years; range: 2-12 
years). 

Ovomuco id 

Ovomucoid (Gal d I) is one of the major proteins in 
hen's egg white. The protein is 186 amino acids 
long (28 kDa), and is composed of three major do- 
mains of similar length, OMCHI1 (residue to 1-68), 
OMCHI2 (residue to 65-130), and OMCHD (resi- 
due to 131-186) (15). The three highly purified do- 
mains utilized for domain-specificity studies were 
isolated after trypsin digestion and affinity column 
separation, as described elsewhere (15). They were 
graciously provided by M. Lakowski, Purdue Uni- 

Table 3. Cytokine profiles of Tcell lines and clones determined by RT-PCR 

Cytokine mRNA expression 

11-4 IFN-y 11-5 11-13 

Patient T. K. 
TK1 t t t - 

TK2 

PB2" t t t - 
PB2" t 

PB2" t t t t 

P32-3E5f t t 
PB.7-3E51 t - 
PB.7-233 t - 
PB2-1B7 - - t - 

XM1 - t t t 
XM1-2m t t t t 

JK1 - t t 
JK1-334 - 

- t t t 
Patient P B. 

t - - 

- - 

- - 

- - 

Patient X. M. 

Patient J. K. 
- 

t - t 

Cell lines are in bold; clones are in bold and italic. "Cytokine expression of PB2 
cell line was determined on three occasions at 3-week intervals. 'PB2-3E5 
cytokine expression was determined on two occasions at &week intervals. (-) 
no band on gel; (t) band present on gel. 

versity, West Lafayette, IN, USA. There was no 
cross-contamination in any sample, as confirmed by 
ELISA using domain-specific monoclonal anti- 
bodies. 

Establishing Tcell lines and clones 
PBMC were isolated on Ficoll-Hypaque, washed 
three times, and resuspended at 4 x lo6 cells/ml in 
RPMI 1640 medium supplemented with 5% autolo- 
gous plasma. One milliliter of the cell suspension 
was added to each well of a 24-well plate, and puri- 
fied ovomucoid at a concentration of 5 mg/ml, or as 
otherwise specified, was added. On the second day 
of culture, 20 U/ml of rlL-2 (Collaborative Biomed- 
ical Products, Bedford, MA, USA) was added to the 
culture media. Ten to 14 days later, the cells were 
harvested and restimulated with 1 mg/ml of ovomu- 
coid in the presence of autologous irradiated PBMC 
(3300 rads) at the ratio of one T cell to 10 PBMC or 
irradiated EBV-induced B cells (4000 rads), estab- 
lished as previously described (16), at the ratio of 
two B cells to one T cell. Cell medium was supple- 
mented with 20 U/ml of rlL-2, and after two to three 
cycles of antigen stimulation, 50 U/ml of rIL-4 
(Genzyme, Cambridge, MA, USA) was also added. 

Tcell blasts were cloned after the first restimula- 
tion from the cell lines by limiting dilution in 
Terasaki cell culture plates (Nunc, Naperville, IL, 
USA). Culture conditions were set up as 1.2 T cells 
and 50000 fresh PBMC per microwell, in medium 
supplemented with 20 IU/ml rIL-2 and 50 IU/ml 
rIL-4, and 1 mg ovomucoid/ml. Preliminary experi- 
ments showed that 1.2 T cells per well was the low- 
est number to obtain an acceptable yield of growing 
T-cell clones specific to ovomucoid. After 7 days, 
dividing cells were transferred into round-bottom, 
96-well plates, and after a further restimulation, into 
24-well plates. T-cell clones were restimulated and 
expanded periodically in the presence of ovomu- 
coid, and irradiated PBMC as antigen-presenting 
cells (APC). 

Table 4. mRNA signal intensity for p-actin, 11-4, IFN-y, 11-5, and 11-1 3 for ovo- 
mucoid stimulated (muc) and unstimulated control cells (cntrl) from cell line 
PB2 and clones PB 2-3E5 and XM 1-2C8, measured by densitometry 

p-actin 11-4 IFN-y 11-5 It-13 

PBZ(muc) 0.63 0.17(0.26) 0.01 (0.02) 0.65(1.03) 0.07(0.11) 
(cntrl) 0.60 0.0710.11) - 0.60(1) 0.26 (0.43) 

- - 0.40 (0.8) 0.32 (0.63) 
(cntrl) 0.25 - - 

PB2-3E5(muc) 0.51 

XMl-ZCEimuc) 0.86 0.4j0.46) 0.11 (0.131 07(0.81) 0.4j0.46) 

- - 

- (cntrl) 0.76 - 0 5(0.65) 0.26(0.34) 

Values in parenthesis represent ratio (message intensity with corresponding 
cytokinehnessage intensity with p-actin). (-): no band seen on ethidium-stained 
gels 
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Table 5. It-4, IFN-y, 11-5. and 11-13 concentration found in supernatant of cell 
line JK1 and clone JKI -384 by ELISA 

I L-4 IFNy 11-5 11-13 

JK1 0.004 0.7 >500 0.6 
JK1-3B4 >500 2.0 

Values for 11-4, 11-5. and IFN-y are in ng/ml. Values for 11-5 are in pg/rnl. 

- - 

Seven days after restimulation, 2 x lo6 cells were 
harvested, purified on Ficoll-Hypaque gradient, 
washed twice in RPMI 1640, and suspended in 
phosphate-buffered saline (PBS) with 1% fetal calf 
serum. Cells were stained with the following mono- 
clonal antibodies: anti-CD3, anti-CD4, anti-CD8, 
and anti-CD45RO (Becton Dickinson, San Jose, 
CA, USA). FACS analysis was performed on a two- 
channel cell sorter (Epics Profile Coulter, Hialeah, 
FL, USA). 

Tcell antigen specificity 
The T-cell antigen specificity was confirmed at each 
restimulation by determining the proliferative re- 
sponse of T cells to ovomucoid, and to a nonrele- 
vant antigen (short ragweed or tetanus toxoid). 
Proliferation assays were performed by culturing 
cells from the lines or clones with fresh, irradiated 
APC (ratio 1:lO) for 5 days with or without antigen, 
and pulsing with 3H-labeled thymidine. After 18 h, 
the cells were harvested, and radioactivity was mea- 
sured. Results were expressed as counts per minute 
of triplicate cultures (or duplicate cultures in cases 
where cell numbers were low). Furthermore, the 
Tcell lines and clones were stimulated at least once 
with each of the three purified ovomucoid domains 
to determine the domain specificity of each line and 
clone. 

Cytokine characterization by RT-PCR 
Ten to 14 days after restimulation, cultured cells 
were harvested, washed twice, and resuspended in 
culture media. One to two million T cells were incu- 
bated for 18 h in the presence of irradiated APC with 
or without ovomucoid. The cells were then harvested 
and resuspended in PBS and spun down, and the pel- 
let was frozen at -70°C. RNA was extracted from 
the cells by adding 1 ml of RNAzol to the cell pellet. 
Cells were mixed thoroughly, and incubated on ice. 
After 5 min, 200 pl chloroform was added to each 
sample on ice for 5 min, and then centrifuged for 20 
min at 9170 g. The upper layer containing RNA and 
chloroform was removed; 200 pl of isopropanol was 
added to it and the mixture stored for 2 h at -70°C 
for RNA precipitation. After centrifugation for 20 
min at 9170 g, all supernatant was removed, and the 

cell pellet was dried and resuspended in 10 pl 
DEPC-water, and frozen at -70°C. RT-PCR was per- 
formed with appropriate primers, as previously de- 
scribed (17). Briefly, RNA was reverse transcribed 
in the presence of oligo-dT, RNase inhibitor, reverse 
transcriptase, and dNTP(s) (Perkin Elmer, Branch- 
burg, NJ, USA) on a thermal cycler (PTC-100 Pro- 
grammable Thermal Controller, MJ Research, 
Watertown, MA, USA). All PCR amplifications 
were performed at the exponential phase to avoid 
saturation of the amplification. PCR was performed 
in the presence of Taq polymerase (0.5 U/reaction), 
dNTP(s), and primers: denaturation at 95°C for 45 s, 
annealing at 60°C for 45 s, and extension at 72°C for 
90 s for 40 cycles. 

PCR products were loaded on a 2% gel contain- 
ing 1% NuSieve Agarose (FMC Bioproducts, Rock- 
land, ME, USA) and 1% Agarose (Sigma, St Louis, 
MO, USA). The gel was stained with 125 pg/ml 
ethidium bromide. Each study condition included an 
appropriate negative and positive control (amplifi- 
cation for j3-actin message, and amplification of in- 
ternal standards (17) for IL-4 and IFN-y). The inten- 
sity of the bands obtained was subsequently mea- 
sured by scanning densitometry (Ultroscan, LKB, 

medla ovam. 
- 

media amchi1 
,I 

media omchi2 media omct113 

B 1 1 

media ovom. media omchll media omchi2 media om6113 

Fig. 1. Proliferation values in counts per minute for cell lines 
TK1 (A) and TK2 (B). 
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Broma, Sweden) and compared to the p-actin mes- 
sage. 

To confirm that cytokine mRNA expression re- 
flected protein synthesis, cell supernatants were col- 
lected 4 days after restimulation and assayed by 
ELISA for IL-4, IL-5, IL-13, and IFN-y. With com- 
mercially available ELISA kits for IL-4, IL-13, and 
IFN-y (Endogen, Cambridge, MA, USA), and for 
IL-5 (R&D Systems, Minneapolis, MN, USA), su- 
pernatants were assayed for cytokines according to 
the manufacturers’ instructions. ODs were read at 
490 nm and 650 nm with an automated ELISA plate 
reader (Molecular Device Corporation, Menlo Park, 
CA, USA). 

Po- 

253 - 

xo- 
- .  
E 
!? 153- 

A 1 

C J  I 

Fig. 2 .  Proliferation values in counts per minute for cell line PB2 
(A), and clones PB2-3E5 (B) and PB2-3E5 (C). 

Results 
Proliferation to  ovomucoid and ovalbumin, and ovomucoid 
domains 
In the 10 egg-allergic patients screened for egg anti- 
gen specificity, PBMC had a significantly greater 
proliferative response to ovomucoid than to ovalbu- 
min (P < 0.02), with SIs ranging from 1.6 to 54 for 
ovomucoid, and from 0.1 to 3.8 for ovalbumin (Ta- 
ble 1). Furthermore, PBMC were screened for ovo- 
mucoid domain specificity (Table 2). Domain- 
induced Tcell proliferation titration studies with 
three half-logarithmic concentrations from 10 to 
100 pg/ml showed optimal T-cell responses with a 
concentration of 100 pg/ml. The reactivity to speci- 
fic ovomucoid domains was slightly greater than for 
whole ovomucoid in one patient (T. Y.), who had SI 
= 4.1 to OMCHIl and 3, as compared with SI = 2.7 
to whole ovomucoid. In other patients, trends could 
be observed toward domain specificity (OMCHI 1 in 
three patients, OMCHI2 in one patient, and 
OMCHI3 in three patients). 

Tcell lines and clones 
In our initial antigen titration studies with four loga- 
rithmic ovomucoid concentrations from 10 pglml to 
10 mg/ml, we found that high concentrations of 
ovomucoid antigen (1-10 mg/ml) were necessary 
for appropriate cell growth. Lower ovomucoid con- 
centrations did not induce T-cell growth, and prolif- 
eration assay values to ovomucoid were similar to 
those of cultures without antigen (results not 
shown). Daily observation of culture conditions in 
24-well plates revealed an initial 3-5-day period 
without apparent T-cell growth, although culture 
media was supplemented with IL-2 and cells ap- 
peared morphologically viable. After this latency 
period, significant cell growth could be observed 
with clusters of dividing T cells. Active cell division 
was still observed in proliferation assays 14 days af- 
ter restimulation. After further restimulation, prolif- 
eration-assay values without antigen were high 
(cpm of several thousands), confirming ongoing cell 
division. In addition, after two to three antigen re- 
stimulation cycles, a significant slowing of cell divi- 
sion could be observed after restimulation. Different 
antigen concentrations were added to the cultured 
cells at subsequent restimulation times but without 
significant improvement of cell growth. Eventually, 
the addition of IL-4 (50 U/ml) reversed this process 
of progressive cell death, and restored appropriate 
cell division comparable to that observed initially. 

Of a total of eight T-cell lines, four were chosen 
for further cellular characterization. Of these cell 
lines, two underwent further cloning. Approxi- 
mately 10 expanding clones were obtained per pro- 
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cedure. Those with the best cell growth were selec- 
ted for cytokine-expression studies. 

Determination of the Tcell phenotype by flow- 
cytometry was performed after cell-line specificity 
for ovomucoid was established. One cell line from 
each subject was tested. All three cell lines were 
mainly CD3+ cells (98-99%), of which most were 
CD4+ T cells (75-97%). Only a minority of the cells 
were CD8+ T cells (25% to less than 10%). Further- 
more, most of the cells (87-9976) were memory T 
cells (CD 45 Rot). 

d+ 

Tcell antigen specificity 
All cell lines and clones were found to be ovomu- 
coid-specific, and did not respond to nonrelevant 
antigens (tetanus toxoid or ragweed, data not 
shown). When appropriate cell growth was ob- 
tained, lymphocyte-proliferation assays were per- 
formed to characterize ovomucoid domain 
specificity. The cell lines from subject T. K. (TK1 
and TK2), showed a strong proliferative response to 
ovomucoid, and a moderate response to OMCHI2 
for TK1 and TK2, to OMCHI3 for TK1, but not to 

OMCHIl for either cell line (Fig. 1). The cell line 
from the second patient, PB2, showed reactivity to 
ovomucoid and OMCHI2 only. Similarly, the clones 
derived from this cell line (PB2-2E3 and PB2-3E5) 
proliferated in response to OMCHI2, but not to 
OMCHI3. Stimulation indices for OMCHI2 were 
higher for the PB2-2E3 clone (15.6) than for the cell 
line (8.4), suggesting that T cells from this patient 
recognize dominant allergenic epitopes on OMCH12 
(Fig. 2). Cell line XM1, generated from the third 
subject was found to be specific to ovomucoid; 
however, neither OMCHIl,OMCHI2, nor OMCHI3 
induced proliferation when compared to control 
conditions. From this experiment, no domain speci- 
ficity could be established for cell line XMl, or for 
the cell line derived clone XM1-2C8 (Fig. 3), sug- 
gesting a major epitope at the junctional region. T 
cells from patient J. K. consistently proliferated to 
ovomucoid with a high SI (line JK 1 : SI = 139; clone 
JK1-3B4: SI = 12.7). OMCHI3 induced a signifi- 
cant proliferation for all clones and the JK1 cell line, 
although OMCHI1 also induced some cell prolifera- 
tion (Fig. 4). 

30000- 

2 m -  

2 m -  - 
E 

- 15oOo- 

- 
B 

1oooO- 

5ooo- 

0 
media ovom media omchil media omchi2 media omchi3 media ovom media omchll media cinchl2 media omchi3 

F i g .  3. Proliferation values in counts per minute for cell line 
XM1 (A) and clone XM1-2C8 (B). 

Fig.  4. Proliferation values in counts per minute for cell line JK1 
(A) and clone JK1-3B4 (B). 
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Ovumucoid 
stimulated No antigen Control 

Fig. 5. Cytokine mRNA expression for clone XMl-2C8, stimulated with ovomucoid, and unstimulated. 

Cytokine expression characterization by reverse transcription 
polymerase chain reaction 
To examine the cytokine profile of ovomucoid- 
specific T cells, two culture conditions were set up 
for each experiment: T cells were restimulated ei- 
ther with or without ovomucoid in the presence of 
APC. The cells were cultured for various times (12- 
48 h), and harvested for isolation of RNAs. Al- 
though the cytokine message pattern remained simi- 
lar at all times, RNA obtained after 18 h of antigen 
stimulation was found to express the highest mRNA 
signal. No message was found at times between 6 
and 12 h. 

Cytokine expression for two TK cell lines was 
characterized (Table 3). TKl was found to express 
both IL-4 and IFN-y. These results suggest that the 
cell line is composed either of THO-type cells or of a 
combination of THl and TH2-type cells. In con- 
trast, TK2 was found to express only IFN-y, and no 
IL-4. However, mRNA for IL-5 was expressed in 
both cell lines. IL-13 mRNA could also be detected 
in cells from TK2. The PB2 cell line was studied for 
cytokine mRNA at three different times. IL-4 was 
expressed by the cell line at all three time periods 
studied. IFN-y could be detected in two out of three 
time points. As in TK cell lines, no definite TH 
cytokine mRNA expression phenotype could be es- 
tablished. Again, IL-5 was expressed consistently 
by the line and seemed to be the dominant cytokine. 
Surprisingly, neither of the PB2 clones studied ex- 
pressed either IL-4 or IFN-)I, but again IL-5 was ex- 
pressed consistently. The cytokines expressed sug- 

18 

gested a TH2-type profile, but without the IL-4 mes- 
sage at detectable levels. IL-13 could be found in 
conjunction with IL-5 in one clone, again without 
detectable IL-4. The XM1 cell line was found to ex- 
press IL-5, IL-4, and IL-13, and its derived clone, 
XM1-2C8, expressed IL-4, IL-5, IL-13, and IFN-)I. 
The clone and the cell line from patient J. K. were 
found to express mRNA for IL-5 and IFN-)I. No 
IL-4 or IL- 13 mRNA could be detected. 

For semiquantitation of mRNA expression, the 
intensity of cytokine mRNA seen on ethidium- 
stained gels from cell line PB2 and the clones 
PB2-3E5 and XM1-2C8 was measured by scanning 
densitometry and compared to the intensity of the 
p-actin message (Table 4). The greatest intensity 
was obtained for IL-5 in all cultures. IL-13 was 
found with a weaker signal in all cultures, while 
IL-4 was found to be expressed by cell line PB2 and 
clone XM1-2C8. IFN-y was found with a weak sig- 
nal in PB2 and XM1-2C8 cell cultures. Further- 
more, bands of lower intensity could be found in 
control cultures, probably reflecting ongoing prolif- 
eration from the previous restimulation. 

Supernatants from cell line JK1 and clone 
JK1-3B4 were assayed by ELISA for IL-4, IL-5, 
IL-13, and IFN-y (Table 5) .  IL-4 and IFN-)I were 
found in low amounts in the supernatant of the cell 
line. IL-13 could be measured in both the superna- 
tant of the cell line and the clone. IL-5 was detected 
in high amounts. These data confirm the predomi- 
nance of IL-5 secretion for all T cells tested. The oc- 
casional discrepancy between cytokine message ex- 
pression and cytokine secretion may in part be ex- 
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plained by the time of examination for mRNA ex- 
pression, which would occur over a limited period, 
and cytokine secretion by the T cells, which would 
be cumulative over the course of the culture. How- 
ever, the consistently high IL-5 secretion pattern in- 
dicates that IL-5 may be the dominant cytokine ex- 
pressed by ovomucoid-specific T cells. 

Discussion 

In this study, we provide further evidence confirm- 
ing our previous observations that ovomucoid (Gal 
d I) is the major egg allergen, and we have genera- 
ted and characterized ovomucoid-specific cell lines 
and clones from four egg-allergic subjects. Cell 
lines from different subjects were found to prolifer- 
ate differently to various ovomucoid domains, but 
mostly to OMCHI2 and OMCHI3. Cytokine profile 
determination by mRNA RT-PCR showed consis- 
tent expression of IL-5 by all cell lines or clones, 
and variable expression of IL-4, IL-13, and IFN-y, 
as shown by analysis of cytokine protein in cell su- 
pernatants. 

Unlike Tcell studies characterizing aeroallergen- 
specific Tcell lines and clones, only a few ab- 
stracts, and one study involving food-antigen- 
specific T cells have been published to date (11). 
The authors of the latter study generated an ovalbu- 
min (Gal d II)-specific Tcell line from an egg- 
allergic subject. By performing proliferation assays 
with several ovalbumin fragments, they found that 
the ovalbumin peptide 323-339, which is a major 
Tcell epitope in mice, generated the highest Tcell 
proliferation in their series of experiments. How- 
ever, we believe that ovomucoid is the clinically 
dominant egg allergen in man, since our screening 
of children with egg allergy by proliferation assays 
(SI ranging from 1.6 to 54 for ovomucoid and from 
0.1 to 3.8 for ovalbumin) supports our previous ob- 
servation (1 3). 

The growth characteristics of ovomucoid-specific 
cell lines from four egg-allergic patients appear to 
differ from those of previously characterized aero- 
allergen-specific cell lines (18), suggesting the fol- 
lowing observations. First, high concentrations of 
ovomucoid (1-10 mglml) are necessary to generate 
appropriate cell proliferation. In comparison, most 
aeroallergen-specific cell lines need much lower 
antigen concentrations for appropriate cell growth 
(3, 18, 19). Second, the latency period observed be- 
tween restimulation and formation of cell clusters 
reflecting Tcell growth suggests that adequate pre- 
sentation of the antigen to T cells requires a longer 
time period, since our observations with aeroaller- 
gens consistently resulted in active Tcell replica- 
tion 24-36 h after restimulation, with significant 
proliferation after 72 h (18). Both of these observa- 

tions suggest that ovomucoid processing by APC 
may differ from the processing of other commonly 
tested antigens. Ovomucoid is a highly glycosylated 
protein which is very resistant to digestion, a fact 
which possibly explains the slower antigen uptake 
or slower intracellular antigen processing, and the 
delayed antigen-MHC interaction for Tcell prolif- 
eration induction. Furthermore, the ovomucoid-spe- 
cific cell lines generated could be expanded with 
IL-2 for a relatively short period of time; after 6-8 
weeks (two or three antigen stimulation cycles), the 
lines often underwent cell death for undetermined 
reasons, and only the addition of IL-4 could reverse 
this process. In contrast, antigen-specific T cells are 
usually grown in the presence of exogenous IL-2 
alone and generally can be expanded for a longer 
time without additional exogenous cytokines (1 8- 
20). Overall, our observations suggest a possible 
difference in antigen processing for ovomucoid, as 
compared to antigens in aeroallergen-specific Tcell 
lines previously described (4, 18, 19). 

The proliferation-assay data for antigen specifi- 
city in our study suggest that different patients rec- 
ognize different epitopes of ovomucoid. The cell line 
TK 1 responded similarly to OMCHI2 and OMCHD, 
suggesting that it contained T cells specific to 
epitopes in both domains. The cell line TK2 only 
moderately proliferated to OMCHI2. However, cell 
line PB2 from another subject expressed a specifi- 
city for OMCHI2. Both clones isolated from this 
cell line (PB2-2E3 and PB2-3E5) also proliferated 
to OMCHI2. T cells from the third patient (X. M.) 
did not proliferate specifically to any domain, al- 
though a good proliferative response to ovomucoid 
was observed. This may be explained by modifica- 
tion of epitopes located between two ovomucoid do- 
mains. Patient J. K.’s cell line and clone consistently 
proliferated to OMCHI3, with a partial response 
also to OMCHIl. Furthermore, PBMC from 10 egg- 
allergic children with atopic dermatitis diagnosed by 
double-blind, placebo-controlled food challenges 
were stimulated with the ovomucoid domains. Two 
patients responded to OMCHIl, one responded to 
OMCHI2, three to OMCHI3, and five to none. Ta- 
ken together, these results indicate that patients re- 
cognize different ovomucoid domain specificities. 
Further efforts to characterize major epitopes of 
ovomucoid will have to focus on all three regions of 
the protein with individual patient specificities. 

T cells play a key role in allergic diseases by 
cytokine-modulated IgE synthesis. Although no def- 
inite distinct cytokine expression pattern in the ovo- 
mucoid-specific cell lines derived from PBMC 
could be discerned, IL-5 was consistently found in 
all cell lines and clones, and IL-4, IFN-y, and IL- 13 
mRNA were variably expressed. These results sug- 
gest that cell lines contain both THl and TH2 cells, 
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or THO cells. However, cytokine expression by the 
clones was predominantly TH2-like, with a consis- 
tent IL-5 expression. It has been reported previously 
that exogenous IL-4 may skew T cells toward 
TH2-type cytokine expression with predominantly 
IL-4 secretion (21). This may have influenced our 
results, but lymphocytes in this study had undergone 
from two to three restimulation cycles without IL-4, 
and may have switched from naive T cells to TH1- 
or TH2-type cells. Furthermore, mRNA cytokine 
expression of the clones PB2-3E5, PB2-2B3, and 
PB2- 1B7 had been determined with exogenous IL-4 
added, and no IL-4-specific message could be 
found. Further studies will be needed to clarify this 
issue. 

IL-5 is a powerful eosinophil chemotactic and ac- 
tivation agent. It has been demonstrated, together 
with eosinophil infiltration, in chronic skin lesions 
of atopic dermatitis patients (lo), and in the bron- 
chial mucosa of asthmatic patients, with a direct 
correlation to eosinophil counts (22). Only a few 
studies are available on cytokine expression by 
antigen-specific cell lines and clones. With bee ve- 
nom phospholipase A*, the cytokine secretion pat- 
tern measured by ELISA has been shown to be anti- 
gen-concentration dependent, with low concentra- 
tions inducing only IL-4 production, whereas high 
concentrations induced both IL-4 and IFN-y (4). 
Some clones also were found to express IL-5. In an- 
other study of ragweed-stimulated PBMC, mRNA 
amplified by RT-PCR was found to be IL-4 and 
IL-5 specific (17). The RT-PCR analysis applied in 
this study is similar to the method used in our exper- 
iments, and is the most sensitive procedure to date 
for cell cytokine-expression analysis. The only other 
available study with food antigen demonstrated 
ovalbumin-specific T cells secreting IL-5 only, as 
measured by ELISA of cell supernatants (11). The 
absence of IL-4 was not definite, since the sensitiv- 
ity of the method used was not adequate to detect 
low-level cytokine synthesis. The consistent finding 
of IL-5 production by antigen-stimulated T cells in 
these reports and in our study suggests a predomi- 
nant role for eosinophils in food-induced T-cell- 
mediated allergic reactions. 

In summary, we established ovomucoid-specific 
T-cell lines and clones from PBMC. The cell kinet- 
ics appeared to differ from those of aeroallergen- 
specific T cells. This different pattern suggests ei- 
ther distinct antigen-related cell growth, or a phe- 
nomenon possibly related to processing by gut-asso- 
ciated lymphoid tissue. Furthermore, T cells from 
different subjects responded to different ovomucoid 
domains. Tcell epitope mapping will be necessary 
to determine which regions are the major epitopes 
of ovomucoid. Finally, cytokine production deter- 
mined by mRNA RT-PCR showed a predominance 
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of IL-5, and variable IL-4 andlor IL-13 and IFN-y 
expression. The presence of IL-5 may also suggest 
T-cell-mediated eosinophil recruitment and activa- 
tion, although it is not yet well established how cir- 
culating eosinophils, or eosinophils in target organs, 
are specifically involved in food hypersensitivity. 
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