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Abstract

Background: We frequently encounter subjects without
overt symptoms despite high IgE antibodies to egg
white and its components. The measurements of these
antibodies are not necessarily efficient for the diagnosis
or the prediction of the outcome of egg allergy in chil-
dren. Methods: Specific IgE antibodies to egg white and
its components, including ovomucoid, ovalbumin, ovo-
transferrin and lysozyme, were measured by direct
RAST assays. IgE-binding activity to ovomucoid degrad-
ed by pepsin, trypsin and chymotrypsin was examined
by RAST inhibition. Thirty subjects were divided into
two groups with positive (n=18; mean age + SD = 42
+25 months) and negative (n=12; mean age + SD = 48
+31 months) oral challenge tests with egg white anti-
gens. The individuals with positive results to the first
challenge tests were given the second provocation tests
at mean intervals of 32 months. IgE-binding activity of
the sera collected on the first challenge to these ovomu-
coid fragments was compared between subjects with
positive and negative reactions to the follow-up chal-

lenge tests. Results: There were no significant differ-
ences in IgE antibody titers to egg white and its compo-
nents between the positive and negative groups at the
first and the second challenge tests. IgE-binding activity
to ovomucoid digests after treatments with pepsin (p =
0.000008) and trypsin (p=0.037), except chymotrypsin
(p=0.062), were significantly higher in subjects with
positive challenge tests than in those with negative re-
sults. The difference was most remarkable in the IgE-
binding to pepsin digests; the average concentrations
(mean - SD and mean + SD) needed for 50% RAST inhi-
bition in the positive group and in the negative group
were 2.6 ug/ml (0.3 and 25) and 94.2 ug/ml (24.7 and
358.7), respectively. A significant difference was still ob-
served in the inhibition tests using filtrates of pepsin di-
gests with a membrane with MW 10,000 (p=0.014) and
3,000 (p=0.042) of cutoff. The concentration (mean=
0.8, mean - SD=0.2, mean + SD = 3.4; ug/ml) of pepsin-
treated ovomucoid required for 50% RAST inhibition in
the subjects with positive second challenge results was
significantly (p=0.033) lower than that (mean=6.8,
mean —SD =0.6, mean + SD =73.9) of the negative group.
Conclusion: IgE-binding activity to pepsin-digested ovo-
mucoid was of diagnostic value to distinguish the chal-
lenge-positive subjects from the negative subjects. Sub-
jects with high IgE-binding activity to pepsin-treated
ovomucoid are unlikely to outgrow egg white allergy.
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Introduction Lysozyme was donated by the Eizai Pharmaceutical Company. The
purity of each component was confirmed by sodium dodecyl sulfate-

Hen’s eggs are one of the most common causes of fgdyacTylamide gel electrophoresis (SDS-PAGE).

allergy in yoyng children [1, 2] IgE a”“b?‘?“es have_an '_m' Specific IgE Antibodies to Egg White and Egg White Components
portant role in egg hypersensitivity. Specific IgE antibodies Freeze-dried egg white, ovomucoid, ovalbumin, ovotransferrin
for egg white are measured as an in vitro diagnostic exarnid lysozyme were conjugated to CNBr-activated paper dics with 5-
nation for this disease in the daily practice. However, we ¢fm diameter (Toyo Roshi K.K. Tokyo, Japan). After incubation of the
ten encounter subjects who can ingest hen’s eggs With§ T disc in 5Qul of patient’s serum for 18 h at 4°C, it was washed

. . . . imes in phosphate-buffered saline (PBS) containing 0.5% Tween 20
any symptoms despite high IgE antibody titers for e gBS-Tween). The disc was placed ini®f 1239-conjugated antihu-

white [3, 4]. The frequency of such patients was 16-43% [3an IgE (Dainabot Co., Tokyo, Japan) for 18 h at room temperature
4], although the percentage was different depending on tme rinsed with PBS-Tween 3 times, followed by counting in a gam-
methods used in the reports. ma counter. Percent binding was calculated using the formula of

According to Bock [5], eggs are one of the foods that a%und isotope count/added total count isotopéd®antihuman IgE)

most likely to produce less reaction with age, approximate-
ly 40% of egg-hypersensitive patients becoming tolerant to RAST Inhibition
egg ingestion. The outgrowing of hypersensitivity is ob- After preincubation of 2fl of patient’s serum and 28 of serial

served even in individuals maintaining high IgE antibodié4utions of inhibitor including 0, 0.7, 7.0, 70 and 42@/ml for 18 h
and positive skin response to egg white at 4°C, RAST assays were performed using an intact-ovomucoid-

. . . . . conjugated disc as solid phase. Percent RAST inhibition was calculat-
Egg white protein contamg 23 different proteins. Ov_Qa'd as follows: [RAST counts (cpm) with inhibitor/RAST counts (cpm)
mucoid (Gal d 1), ovalbumin (Gal d 2), ovotransferrifithout inhibitor] x100. An inhibitor concentration required for 50%
(Gald d 3) and lysozyme (Gal d 4) have been identified BAST inhibition was calculated. The greater the concentration of an
major allergens [6—8], but ovomucoid has been shown toiBibitor for 50% RAST inhibition is, the lower is the IgE-binding ca-

the dominant allergen [9-11]. The titer of IgE antibodies Rjacity to the inhibitor. The maximum concentration of an inhibitor

. T . . . tgas used for statistical procedures when a concentration for 50%
ovomucoid was significantly greater in the patients WitQasT inhibition was over the maximum concentration used.

positive results to oral egg challenge tests compared to thesolutions of enzyme-treated and untreated ovomucoid were used
patients with negative results. This may result from tkee inhibitors. The enzymes were all insoluble types, conjugated with
unique characteristics of ovomucoid such as relative stat§gllulose, from Sigma Chemical Co. Ovomucoid (10 mg/ml) was

. . . - . . ated with pepsin (420 IU/ml) derived from porcine stomach mu-
ity against digestion with proteinases [12] and heat [13] ggsa in pH 2.7, 0.08 HCI buffer for 5 h at 30°C. Then the treatment

We!l as strong allergenicity [9, 10] compared with other eqgys terminated by adjustment to pH 6.0 by ONIMaOH. Treatment
white components. However, there was a large extentv@dh trypsin (78 1U/ml) or chymotrypsin (6 IU/ml), which was derived
overlapping of IgE antibody titers for ovomucoid betweeitom bovine pancreas, was also done in pH 8.0¥0 Tris-HCl buffer
both groups. According to Matsuda et al. [12], this allefer 5h at 30°C. After the enzyme treatments, the insolubilized en-

. . . . . . ymes were removed by centrifugation at 40or 2-3 min and the
genicity and antigenicity were still retained after ﬁ’agmem‘é‘upernatamts were subjected to RAST inhibition assays. SDS-PAGE

tion by pepsin digestion. using WIDE-PAGE mini (16% of running gel, Tris-tricine buffer, res-

In this study we assessed whether the measuremenbi@ion from 200,000 to 2,500 of molecular weights; Tefco, Machida,
IgE reactivity to enzyme-resistant epitopes on ovomucoidJapan) showed digests of enzyme-treated ovomucoid (data not
useful for more accurate diagnosis and prediction of oghown). Filtrates of this enzyme-treated ovomucoid using membrane

come for egg-hypersensitive children with elevated IgE aff-cutoffs 10,000 and 3,000 were also used as inhibitors.

tibodies for ovomucoid as well as egg white. Double-Blind Placebo-Controlled Food Challenge
Double-blind placebo-controlled food challenge was performed
using freeze-dried egg white with the modifications [11] of the
method described by Bock et al. [15]. Briefly, oral provocations were

Materials and Methods conducted by administering in a titrated manner up to 8 g of an egg
white preparation (equivalent to approximately one egg) in 50-ml of
Egg White Antigens and the Components thick mixed fruit juice as a liquid vehicle. The initial dose was 0.1 ml

Freeze-dried egg white antigen for oral food challenge and dir@dtthe preparation and then it was increased sequentially (1 ml, 10 ml
radioallergosorbent test (RAST) was given by the Q.P. Corporatiand the remainder) every 30 min until objective symptoms developed
R&D Division. Ovomucoid purified with the modified method de-or until the entire challenge dose was ingested. When reactions were
scribed by Waheed and Salahuddin [14] was also a gift from the QoBserved within 2 h after final administration, immediate reactions
Corporation. HPLC-repurified ovalbumin was donated by formevere judged positive. The reactions occurring more than 2 h after the
Prof. Nakamura at the Nagoya Univeristy. Ovotransferrin was pdinal challenge were considered as nonimmediate. No symptoms
chased from Wako Pure Chemical Company (Osaka, Japanmithin 24 h of the final administration were judged to be negative.
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Table 1. Characteristics of subjects

Challenge: first; second Challenge age, months Interval of
- follow-up,
first second months

Negative; ND (12; 8:4)

Mean 48

+SD 31

Range 24132

Positive; negative (10; 5:5)

Mean 49 72 23
+SD 31 33 6
Range 19-118 39-144 13-33
Positive; positive (8; 6:2)

Mean 33 76 43
+SD 9 23 22
Range 24108 39~108 14-73
Positive, sum (18;11:7)

Mean 42 74 32
+SD 25 28 18
Range 19-118 39-144 13-73
p value; first challenge (negative vs. positive) 0.594

p value; second challenge (negative vs. positive) 0.145 0.741 0.031

Figures in parentheses represent number followed by sex ratio (m:f). Nonatopic controls
(n=12): mean age SD = 41.675.1 months. ND = Not done.

Subjects Informed consent was obtained from children and/or parents. The
Thirty subjects with high IgE antibodies to egg white and ovomstudy was approved by the ethics committee of Fujita Health Univer-
coid were enrolled for double-blind placebo-controlled food chasity School of Medicine.
lenge with freeze-dried egg white (table 1). We defined percent bind-
ing of higher than 1.9% to the egg white disc as high IgE antibody Statistical Analysis
titers. This cutoff titer was a mean plus 2 SD of percent bindings to the The unpaired t test was used for specific IgE antibody values and
egg white disc of 12 control subjects without atopic diseases. Thes@centrations needed for 50% RAST inhibition after logarithmic
patients were divided into two groups based on the immediate reiansformation.
tions to oral provocation tests. There were no patients with isolated
nonimmediate reactions. The first group (n = 12; male:female = 8:4;
mean age: SD = 4831 months) showed a negative challenge result. Results
The second (n = 18; male:female = 11:7; meanta@D = 42:25
months) consisted of subjects who showed positive reactions. In addi- R . . )
tion, the subjects with positive results to the initial challenge were di- 1here were no significant differences in IgE antibody
vided into two subgroups based on the follow-up oral challenge wiitters (% binding) to not only egg white but also its compo-

the same egg white. No significant differences were found in agergints such as ovomucoid, ovalbumin, ovotransferrin and

Fhe firsF and th_e second challenges between the two groups. The bzyme between the positive and the negative groups to
jects with positive results to the second challenge, however, showed a .. .
e first challenge tests as shown in table 2.

significantly (p = 0.031) longer interval from the first to the secon - .
provocation tests than those with negative results. This difference Table 3 represents the concentrations of intact ovomu-

would have no effect on the conclusions of the experiment. If the segid or enzyme-treated ovomucoid used as an inhibitor re-
ond challenge had been done at a shorter interval in the group wiired for 50% RAST inhibition. There were no significant
persistent egg allergy, the challenge tests would have had the samgjigarences in the concentrations of native ovomucoid as an

sults. S P ..
The sera collected from the subjects at the time of the first prO\JEI-h'b'tor needed for 50% RAST inhibition between positive

cation tests were used for direct RAST and RAST inhibition assag§d negative groups to the challenge tests. In contrast, the
for the prediction of the results of follow-up challenges. positive subjects showed significantly (p = 0.000008) low-
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Table 2. Comparison of specific IgE anti-

body titers (% binding) to egg white and its
components between subjects with positive egg white  ovomucoid ovalbumin  ovotransferrin  lysozyme
and negative results to first challenge tests

First challenge Binding, %

Negative (n =12)

Geometric mean 23.9 11.6 9.9 6.7 5.2
Mean — SD 10.2 45 3.6 1.6 2.1
Mean + SD 55.9 29.7 27.3 28.2 13.0
Positive (n = 18)

Geometric mean 28.9 15.0 17.2 6.6 35
Mean — SD 16.5 6.1 6.2 2.2 1.5
Mean + SD 50.6 36.6 47.7 20.1 7.8
p value 0.504 0.461 0.156 0.974 0.220

Nonatopic controls (n = 12): geometric mean and mean +2 SD: egg white (1.5, 1.9%), ovo-
mucoid (0.9, 1.2%), ovalbumin (0.9, 2.0%), ovotransferrin (0.5, 0.7%), lysozyme (0.6, 1.5%).

Table 3. Comparison of IgE-binding activity to enzyme-treated ovomucoid between subjects with negative and positive results ¢oahe first
challenge tests

First challenge Pepsin Chymotrypsin Trypsin

— + + + = + + + = + + +
filter (-) filter () 10,000 3,000 filter (-) filter (-) 10,000 3,000 filter (-) filter () 10,000 3,000

Negative (n =12)

Geometric mean 1.0 94.2 177.9 210.0 1.0 55 22.0 210.0 1.3 4.3 4.8 83.0
Mean — SD 0.2 24.7 106.3 210.0 0.2 0.9 3.0 210.0 0.2 0.6 0.4 26.6
Mean + SD 5.4 358.7 300.6 210.0 5.4 33.8 158.5 210.0 8.0 30.7 64.8 259.0
Positive (n = 18)

Geometric mean 0.4 2.6 37.6 121.1 0.5 1.5 7.2 1448 0.5 1.0 0.9 30.6
Mean — SD 0.1 0.3 4.6 46.8 0.1 0.3 1.3 46.2 0.2 0.2 0.1 7.7
Mean + SD 1.4 25.0 307.6 313.2 1.6 7.6 40.3 453.8 1.6 3.8 6.3 121.3

p values 0.161 0.000008 0.014 0.042 0.202 0.062 0.162 0.228 0.116 0.037 0.105 0.061

IgE-binding activity was assessed by RAST inhibition using intact ovomucoid or enzyme-digested ovomucoid before andtafiter filtra
with a cutoff of 10,000 or 3,000 as inhibitors. Filter (=) means an inhibitor without filtration. Ovomucoid was digestesirytpyggin and
chymotrypsin. Sera were from subjects with high IgE antibodies to egg white and ovomucoid. Figures represent conceginalfiorezd-
ed for 50% RAST inhibition. The greater the concentration is, the lower is the IgE-binding activity to the inhibitor.

er concentrations (2)6g/ml) of pepsin-treated ovomucoidwas most remarkable and still observed after filtration with
for 50% RAST inhibition than that (941@&)/ml) of negative the molecular weight of 10,000 and 3,000 of cutoff. How-
subjects. This evidence means that IgE antibodies from &ver, the IgE-binding activity to the filtrates through the
dividuals with positive results to oral provocation havenembrane with a cutoff of 3,000 was much smaller as com-
greater activity binding to ovomucoid digests after treapared to that to pepsin digests without filtration and after fil-
ment with pepsin. A similar significant difference was obtration with a cutoff of 10,000.

tained in the experiments using trypsin-treated ovomucoid The second oral challenge tests using the same egg white
(1.0 vs. 4.2ug/ml, p=0.037) but not in the experiments oantigens were performed in the subjects with positive re-
chymotrypsin-treated ovomucoid (1.5 vs. m@/ml, p= sults in the initial provocation tests. There was no signifi-
0.062). The difference in the IgE binding to pepsin digestant difference in direct RAST results to untreated ovomu-
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Table 4. Comparison of specific IgE anti- o P
body titers (% binding) to egg white and its Challenge; first; second  Binding, %

components between subjects with positive egg white  ovomucoid ovalbumin ovotransferrin  lysozyme
and negative results to second challenge
tests Positive; negative (n = 10)
Geometric mean 28.0 15.2 15.1 6.1 3.8
Mean — SD 18.3 6.7 4.8 1.8 1.5
Mean + SD 42.7 34.1 47.7 20.3 9.3
Positive; positive (n = 8)
Geometric mean 30.1 14.8 20.2 7.4 3.1
Mean — SD 14.6 5.2 8.4 2.6 1.5
Mean + SD 62.2 41.9 48.8 21.1 6.5
p value 0.800 0.957 0.548 0.713 0.624

Nonatopic controls (n = 12): geometric mean and mean +2 SD: egg white (1.5, 1.9%), ovo-
mucoid (0.9, 1.2%), ovalbumin (0.9, 2.0%), ovotransferrin (0.5, 0.7%), lysozyme (0.6, 1.5%).

Table 5. Comparison of IgE-binding activity to enzyme-treated ovomucoid between subjects with negative and positive results td the secon
oral challenge tests

Challenge: Pepsin Chymotrypsin Trypsin
first; second

- + + + - + + + — + + +
filter () filter (<) 10,000 3,000 filter () filter () 10,000 3,000 filter () filter (<) 10,000 3,000

Positive; negative

Geometric mean 0.4 6.8 64.4 118.1 0.4 1.3 9.8 210.0 0.4 0.9 0.9 27.3
Mean — SD 0.1 0.6 13.8 39.9 0.1 0.3 2.4 210.0 0.2 0.2 0.1 7.4
Mean + SD 1.3 73.9 300.7 350.1 1.1 6.5 38.7 210.0 1.0 3.6 9.1 100.2
Positive; positive

Geometric mean 0.5 0.8 16.7 125.8 0.6 1.9 4.5 82.9 0.6 1.0 0.9 36.2
Mean — SD 0.1 0.2 1.1 56.7 0.1 0.3 0.5 145 0.1 0.2 0.2 7.3
Mean + SD 1.6 3.4 248.1 279.3 2.8 10.6 41.0 4728 3.1 4.7 3.7 179.2
p values 0.839 0.033 0.304 0.899 0.519 0.663 0.466 0.248 0.554 0.884 0.983 0.726

IgE-binding activity was assessed by RAST inhibition using intact ovomucoid or enzyme-digested ovomucoid before andtaiter filtra
with a cutoff of 10,000 or 3,000 as inhibitors. Filter (=) means an inhibitor without filtration. Ovomucoid was digestesimytiyggin and
chymotrypsin. Sera from subjects with high IgE antibodies to egg white and ovomucoid were collected at the time of Hikefiget. ¢fig-
ures represent concentratiopg/fnl) needed for 50% RAST inhibition. The greater the concentration required for 50% RAST inhibition is, the
lower is the IgE-binding activity to the inhibitor.

coid as well as to egg white and the other components b&.8 ug/ml) of the negative group. The difference in IgE-
tween positive and negative subjects on the second chmihding activity to filtrates through the membrane with a
lenge (table 4). The IgE-binding activities to enzyme dcutoff of 10,000 and 3,000 between positive and negative
gests of the sera collected on the first challenge wegeups showed no significant difference in IgE-binding ac-
compared between positive and negative groups on the ety to pepsin-treated ovomucoid. There was no signifi-
ond challenge. As shown in table 5, IgE-binding capacitant difference in IgE-binding capacity to trypsin- and
(a concentration for 50% RAST inhibition = 0u8/ml) to chymotrypsin-treated ovomucoid between positive and
pepsin-treated ovomucoid before filtration in the subjectegative subjects.

with positive challenge results was significantly (p =0.033)

greater than that (a concentration for 50% RAST inhibition
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Discussion pepsin is a proteolytic enzyme that first digests the food
proteins orally ingested. Probably IgE epitopes on ovomu-
We performed oral challenge tests with freeze-dried eggid that are relatively resistant to cleavage by pepsin may
white antigens for subjects with high IgE antibody titers toe critical for the development of hypersensitive reactions
ovomucoid as well as egg white and compared IgE-bindibg oral intake of egg white.
activities to enzyme-treated ovomucoid between subjectsBernhisel-Broadbent et al. [10] showed that egg hyper-
with positive and negative results to the challenge tessgnsitivity in infants with high IgE antibody titers to ovo-
Both groups showed no significant differences in IgE antiaucoid was likely to persist for a long period. This is prob-
body titers to ovalbumin, ovotransferrin and lysozyme. lably due to the stability of ovomucoid against digestive
contrast, the IgE-binding activity to pepsin-digested ovenzymes compared with other egg white components such
mucoid measured by RAST inhibition had the most usefas ovalbumin, ovotransferrin and lysozyme. Our study en-
diagnostic value to distinguish the challenge-positive sutwlling subjects with high IgE antibody titers to ovomucoid
jects from the negative subjects. The statistically significastiggested that the measurement of IgE reactivity to pepsin-
difference was also observed in the comparison of IgEesistant regions on ovomucoid was more useful to predict
binding activity to pepsin-digested ovomucoid after filtrathe outcome of egg allergy. These data may suggest the
tion using a membrane with a cutoff of 10,000 and 3,00€lpse relationship between the outgrowing of egg hypersen-
whereas the difference in the IgE-binding activity to the fikitivity and the maturation of production of digestive en-
trates through a cutoff of 3,000 was much smaller. Furtheymes in the gut.
more, the subjects with higher IgE-binding activity to We frequently come across false-positive results of spe-
pepsin-treated ovomucoid in the children with overt egg hgiic IgE to egg white. These results might lead to an un-
persensitivity were unlikely to outgrow the egg allergy. necessarily restrictive diet. There is a strong demand to de-
These results indicated that ovomucoid had IgE-reactivelop a reliable in vitro diagnostic method. It would be most
sites with different stability against pepsin and that pepsimseful for this purpose to determine the IgE-binding sites on
stable epitopes on ovomucoid were important for clinictie ovomucoid responsible for provoking egg-hypersensi-
diagnosis and prediction of the outcome of egg allergy. tive reactions. A study on the determination of the IgE-bind-
Stability to proteolytic enzymes is considered as one iofj sites with clinical significance on pepsin digests of ovo-
the necessary conditions for dominant allergens of foatlicoid is in progress.
[16]. Ovomucoid is relatively resistant to digestive enzymes
compared to the other egg white components. Furthermore,
some ovomucoid fragments produced by the peptide diges-Acknowledgement
tion retain their antigenicity [12]. The linear epitopes with

'gE-binding capacity on ovomucoid were proved by Cooke, 2 it iim Sie R Y eon Assocation of
H H : | Vi | 1atl
and Sampson [17] using the overlapping peptides. Decre%??an and Fujita Health University.

in the reactivity to IgE antibodies after digestive enzymes
indicated the conformational IgE epitopes on ovomucoid.
However, IgE-binding sites responsible for egg hypersensi-
tivity were retained even after degradation by enzymes, es-
pecially pepsin. Such clinically important IgE-binding sites
on ovomucoid may have a linear structure of amino acid se-
guences. The tertiary structure is disrupted after treatment
by enzymes, although the conformational structure formed
by disulfide bridges is retained since ovomucoid has nine
intradomain disulfide bonds. Therefore, these clinically im-
portant IgE epitopes may be present on the conformational
structure associated with disulfide bonds.

The measurement of IgE-binding capacity to pepsin di-
gests of ovomucoid was most useful to differentiate positive
from negative subjects compared to other digestive en-
zymes such as trypsin and chymotrypsin. The reason for
this evidence was unclear. It is, however, interesting that
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