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Peripheral blood mononuclear cells (PBMCs) from patients with atopic dermatitis (AD) selected
as being sensitive to hen’s egg or cow’s milk responded to food antigens, ovalbumin, or bovine
serum albumin, with significantly enhanced DNA synthesis compared with the DNA synthesis in
PBMCs from nonatopic control subjects and food-sensitive patients with immediate symptoms.
Patients were treated with elimination diets. Symptoms of AD had been in remission during
elimination diets. The levels of specific IgE antibodies to hen’s egg or cow’s milk decreased
during elimination diets in patients with positive radioallergosorbent test (RAST). In patients
with negative RAST, specific IgE antibodies remained negative during elimination diets. The
proliferative responses of PBMCs to food antigens also decreased during elimination diets in
patients with proliferative responses before elimination diets. Taken together, specific IgE
antibodies to food antigens are useful indexes of the effect of elimination diets in food-sensitive
patients with AD and positive RAST, and proliferative responses of PBMCs to food antigens are
useful indexes of the effect of elimination diets in food-sensitive patients with AD and
proliferative responses of PBMCs. (J ALLERGY CLIN IMMUNOL 1993,91:668-79.)

Key words: Atopic dermatitis, elimination diets, food allergy, lymphocyte proliferative
responses, specific IgE antibodies

Accepted for publication Jan. 29, 1992.

Reprint requests: H. Agata, MD, Department of Pediatrics, Gifu
University School of Medicine, Tsukasa-machi 40, Gifu 500,
Japan.

Copyright © 1993 Mosby- Year Book, Inc.

0091-6749/93 $1.00 + .10 1/1/43654

From the Department of Pediatrics, Gifu University School of Med-
icine, Gifu, Japan.

Supported in part by grants from the Ministry of Public Welfare,
Japan.

Received for publication Aug. 15, 1991.

Revised Jan. 7, 1992.



VOLUME 91
NUMBER 2

Food allergy clearly seems to play an aggravating
role in some patients with atopic dermatitis (AD), and
the significance of IgE in the pathogenesis is dis-
cussed.' ? Patients with AD caused by food allergens
do not always have food-specific IgE antibodies.
Wraith et al.? have reported that 36% of foods causing
“nonimmediate” symptoms give a negative radioal-
lergosorbent test (RAST). Moreover, several inves-
tigators have reported that atopic patients have ab-
normal responses in cell-mediated immunity.** Some
reports exist of allergen-induced proliferation of pe-
ripheral blood mononuclear cells (PBMCs) from al-
lergic patients.®'* Many of the proliferation studies
have involved the use of purified proteins from inhaled
allergens, but little has been reported on the responses
to food antigens.'" '* On the other hand, it is known
that the levels of food-specific IgE antibodies decrease
in patients with positive RAST treated with elimina-
tion diets.'”” However, no index exists for the effect
of elimination diets in food-sensitive patients with AD
and negative RAST. In this study we showed that the
levels of food-specific IgE antibodies decreased during
elimination diets in food-sensitive patients with AD
and positive RAST. Moreover, we showed that
PBMCs from patients with AD who were sensitive to
food antigens, but not from control subjects, prolif-
erated in response to food antigens, and that prolif-
erative responses of PBMCs gradually decreased dur-
ing elimination diets in food-sensitive patients with
AD. Consequently, specific IgE antibodies to food
antigens were useful indexes of the effect of elimi-
nation diets in food-sensitive patients with AD and
positive RAST, and proliferative responses of PBMCs
to food antigens were useful indexes of the effect of
elimination diets in food-sensitive patients with AD
and proliferative responses of PBMCs.

MATERIAL AND METHODS
Subjects

One hundred fifty-three patients with AD were studied.
Eighty-six were selected on the basis of clinical history and
food challenges as being sensitive to hen’s egg,-and 67 were
selected as being sensitive to cow’s milk. The 86 patients
with AD who were sensitive to hen’s egg ranged in age
from 3 months to 12 years (mean, 3.5 years), and the 67
patients with AD who were sensitive to cow’s milk ranged
in age from 3 months to 13 years (mean, 4.2 years). Di-
agnosis of AD was defined by the criteria of Hanifin.’® The
severity of AD was graded on the basis of the food-challenge
symptom scores for skin by the method of Bock et al.”: O,
healthy; absent: 1, mild; few areas of faint erythema with
and without occasional scratching: 2, moderate; areas of
erythema, macular and raised rash with and without scratch-
ing continuously for more than 2 minutes at a time: 3, severe;
generalized marked erythema (>50%), extensive raised le-
sions (>25%), vesiculation and/or piloerection with and
without hard continuous scratching. The cutaneous mani-
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Abbreviations used
AD: Atopic dermatitis

RAST: Radioallergosorbent test
PBMC: Peripheral blood mononuclear cell
BSA: Bovine serum albumin

SI:  Stimulation index
CPM: Counts per minute
PRU: Phadebas RAST units

festations of all patients with AD appeared later than 2 hours
after the first dose of the challenge (that is, did not appear
until after the second dose). Eczematous lesions of the head
and neck are prominent during infancy, whereas older chil-
dren reveal lichenified lesions of popliteal and antecubital
areas. The control group included 64 nonatopic healthy chil-
dren without hen’s egg or cow’s milk sensitivity ranging in
age from 4 months to 12 years (mean, 3.9 years) (control
group I) and 53 patients sensitive to hen’s egg or cow’s
milk, ranging in age from 5 months to 13 years (mean, 2.7
years), with urticaria, angioedema, acute gastroenteritis,
and bronchial asthma (immediate symptoms) that appeared
within 1 hour (usually within 15 minutes) after the first dose
of the challenge (control group II). Both specific IgE an-
tibodies to hen’s egg or cow’s milk and proliferative re-
sponses of PBMCs to ovalbumin or bovine serum albumin
(BSA) were examined when diseases were diagnosed.
Moreover, we investigated the courses of the severity of
AD, specific IgE antibodies, and proliferative responses-of
PBMCs in 54 randomly selected cases of the 153 patients
with AD and hen’s egg or cow’s milk sensitivity. Forty-
three of the 54 patients with AD were treated with elimi-
nation diets excluding the offending foods, and 11 ingested
the offending foods continuously. Of the 43 patients with
AD treated with elimination diets, 27 were sensitive to hen’s
egg, ranging in age from 4 months to 12 years, and 16 were
sensitive to cow’s milk, ranging in age from 3 months to
12 years. Of the 11 patients with AD and continuous inges-
tion of the offending foods, six were sensitive to hen’s egg,
ranging in age from 1 year to 10 years, and five were
sensitive to cow’s milk, ranging in age from 8 months to
10 years. Both specific IgE antibodies to hen’s egg or cow’s
milk and proliferative responses of PBMCs to ovalbumin
or BSA were investigated several times during the course
of the study for these 54 patients with AD. The severity of
AD was examined every 2 weeks. Food challenges were
performed mainly in the double-blind, placebo-controlled
manner and in an open manner if there was a clear-cut
history of major allergic skin symptoms after ingestion of
a specific food or if there was a chance of systemic ana-
phylaxis developing. Consequently, all of the 54 patients
with AD we followed and 58 of the other 99 patients with
AD were diagnosed by double-blind food challenges. In
double-blind, placebo-controlled food challenges, we pre-
pared food capsules packed with dehydrated powdered
whole egg (0.4 gm per capsule) or dehydrated powdered
milk (0.4 gm per capsule) (Meiji Milk Products Co., Ltd.,
Tokyo, Japan) or placebo (potato starch). The first challenge
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TABLE I. Results of proliferative responses of PBMCs to B-lactoglobulin or BSA in healthy children,
patients with immediate allergic symptoms, and patients with AD who are sensitive to cow’s milk

Proliferative responses of

Proliferative responses of PBMCs

PBMCs to p-lactoglobulin to BSA
Subjects (no.) Base CPM* CPM* Si* CPM* si*
Healthy children (14) 332.1 = 1425 432.1 = 161.0 1.36 = 0.42 444.3 = 123.0 1.44 + 0.44
Patients with immediate  297.3 = 117.6 422.7 = 270.3 1.46 + 0.79 401.0 = 211.6 1.37 = 0.48

allergic symptoms
(16)

Patients with AD, sensi-
tive to cow’s milk
(56)

+

317.5

I+

142.7 787.8 = 629.9f 2.51 = 1.68%

1136.7 + 1049.3% 3.67 + 2.17¢

Correlation between proliferative responses of PBMCs to B-lactoglobulin and the responses to BSA was calculated by Spearman rank test.
Proliferative responses to BSA correlated well (p < 0.01) with the responses to B-lactoglobulin.

Data were analyzed by the Wilcoxon-Mann-Whitney test.
*Mean *= 1 SD

tB-lactoglobulin-stimulated CPM and SI in patients with AD who were sensitive to cow’s milk were significantly (p < 0.005) higher than
those of healthy children and patients with immediate allergic symptoms, respectively.

+BSA-stimulated CPM and SI in patients with AD who were sensitive to cow’s milk were significantly (p < 0.005) higher than those of
healthy children and patients with immediate allergic symptoms, respectively.

dose was one capsule, and doubled doses were continued
every hour until the patient had convincing symptoms or
until 16 capsules were ingested as a single challenge dose.
For young children the dehydrated foods were hidden in
broth or juice. We defined the time of reaction as being the
time from the first dose of the challenge to the onset of
symptoms. All medications were withheld for 7 days before
and during challenges.

Furthermore, 10 additional patients with AD who were
sensitive to both hen’s egg and cow’s milk and ranged in
age from 8 months to 6 years (mean, 2.2 years) were studied
to demonstrate changes specific to food allergen in prolif-
erative responses of PBMCs to food allergen when only one
or both of the foods were eliminated.

Cell separation and cuiture

Blood was taken into preservative-free heparin and
was separated by gradient centrifugation with the use of
Ficoll-Paque (Pharmacia, Uppsala, Sweden). PBMCs were
harvested from the interface and washed three times in PBS.
PBMCs were cultured at 10°/ml of RPMI 1640 culture
medium supplemented with 15% pooled human AB* serum,
10 mmol/L N-2-hydroxyethyl-piperazine-N’-2-ethane-sul-
fonic acid, L-glutamine (2 mmol/L), penicillin (100
TU/ml), and streptomycin (100 pg/ml). Cultures were per-
formed in triplicate at 0.2 ml per well in round-bottomed
microtest plates (A/S Nunc, Roskilde, Denmark) with or
without various concentrations of food antigens at 37° C in
a humidified atmosphere containing 5% CO, for 3 to 5 days,
because the peak proliferation was observed between days
3 and 5." Food antigens, ovalbumin (Wako Pure Chemical
Industries, Osaka, Japan), BSA (Wako), and 3-lactoglobulin
(Sigma Chemical Co., St. Louis, Mo.) were respectively
used in final concentrations of 0.25 pwg/ml, 2.5 wg/ml, and
25 pg/ml.

Proliferative response

DNA synthesis was measured by adding 0.5 nCi [*H]
thymidine per well 4 hours before harvesting onto glass
fiber filters. [°H] thymidine incorporation was measured by
liquid scintillation counting, and results were expressed as
the mean of triplicates. To compare responses between in-
dividuals, results were expressed as stimulation index (SI)
with the following formula (counts per minute [CPM]):

ST = CPM in cultures stimulated with food antigens
CPM in unstimulated cultures

The value of the maximal proliferative responses of PBMCs
was used for each subject. In most cases proliferation in-
creased steadily with increasing antigen dose over the range
0.25 to 25 pg/ml.'> We had simultaneously investigated the
proliferative responses of PBMCs to both BSA and B-lac-
toglobulin. The results shown in Table I indicate that con-
siderable agreement exists between the results for prolif-
erative responses with BSA and the results with B-lacto-
globulin. Moreover, proliferative responses of PBMCs to
BSA correlated well (p < 0.01) with the responses to p-
lactoglobulin in patients with AD who are sensitive to cow’s
milk. Therefore we used BSA as a milk antigen. The point
at which peak proliferation was seen stayed the same for SI
after elimination diets as well as before elimination diets.
The specificity of proliferative responses of PBMCs to oval-
bumin or BSA was confirmed by a comparison of responses
in healthy children and patients with AD and sensitivity to
hen’s egg or cow’s milk. Results are shown in Table II.

Specific IgE antibodies to food antigens

The RAST was performed as recommended by the Phad-
ebas RAST test kit (Pharmacia).'® Hen’s egg and cow’s milk
disks were supplied by Pharmacia. RAST results were
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TABLE U. Results of proliferative responses of PBMCs to ovalbumin or BSA in healthy children,
patients with AD who are sensitive to hen’s egg but not to cow’s milk, and patients with AD who
are sensitive to cow’s milk but not to hen’s egg

Proliferative responses of PBMCs Proliferative responses of PBMCs

to ovalbumin to BSA
Subjects (no.) Base CPM* CPM* Sl CPM* Si*
Healthy children (15) 338.1 £ 22.2 4385 £ 130.8 1.29 = 0.35 418.4 = 145.8 1.24 = 0.39
Patients with AD, sensitive 351.7 = 68.5 1103.7 %= 678.21 3.09 = 1.72%  415.3 = 182.5 1.16 = 0.35
to hen’s egg but not to
cow’s milk (23)
Patients with AD, sensitive 327.8 = 76.9  352.6 % 96.2 1.10 = 0.33 1228.0 = 697.9% 3.82 x 2.31%

to cow’s milk but not to
hen’s egg (15)

Data were analyzed by the Wilcoxon-Mann-Whitney test.

*Mean = 1 SD

tOvalbumin-stimulated CPM and SI in patients with AD who were sensitive to hen’s egg but not to cow’s milk were significantly
(p < 0.005) higher than those of healthy children and patients with AD who were sensitive to cow’s milk but not to hen’s egg,
respectively. There was no difference in ovalbumin-stimulated CPM and SI between healthy children and patients with AD who were
sensitive to cow’s milk but not to hen’s egg.

BSA-stimulated CPM and SI in patients with AD who were sensitive to cow’s milk but not to hen’s egg were significantly (p < 0.005)
higher than those of healthy children and patients with AD who were sensitive to hen’s egg but not to cow’s milk, respectively. There
was no difference in BSA-stimulated CPM and SI between healthy children and patients with AD who were sensitive to hen’s egg but
not to cow’s milk.

TABLE Ill. Results of serum IgE levels, specific IgE antibodies to hen’s egg or cow’s milk and
proliferative responses of PBMCs to ovalbumin or BSA for control group |, control group I, and
patients with AD who are sensitive to hen’s egg or cow’s milk

Specific IgE Proliferative responses of
antibodies to PBMCs to food antigens§
Serum IgE food
levels antigenst
Subjectst {(no.)  Age (yr}* (U/mi)* (PRU/ml)* Base CPM* CPM* s
Hen’s egg allergy
Control
Group I (32) 3.9 = 2.1 336 = 876 0.10 = 0.33 331.4 = 201.3 4529 = 240.7 1.40 = 0.39
Group 1 (27) 2.3 = 1.8 129 x= {19 2.95 = 470 2941 = 131.6 4755 + 164.1 1.67 + 0.38
Patients with 3.5 = 3.1 860 = 2371*%* 2.41 x 4.92*% 301.1 + 158.7 1063.1 + 654.6] 3.25 + 1.38|
AD (86)
Cow’s milk allergy
Control
Group 1 (32) 3.9 = 3.2 397 = 887 0.04 = 0.15 323.2 +£ 129.7 487.8 = 211.1 1.50 = 0.39
Group II (26) 3.0 = 2.2 304 *= 337 1.69 = 3.90** 294.2 = 104.9 410.3 = 121.5 1.43 += 0.40
Patients with 4.2 + 3.3 1141 = 2742%% 1.13 + 3.32%* 306.9 = 187.4 1283.6 = 935.2| 4.17 = 2.63|

AD (67)

Data were analyzed by the Wilcoxon-Mann-Whitney test.

Serum IgE levels of patients with AD were significantly (**p < 0.01 for each) higher than those of control groups I and 11.

Specific IgE antibodies to hen’s egg or cow’s milk of patients with AD and of control group II were significantly (**p < 0.01 for each)
higher than those of control group I, respectively.

Ovalbumin- or BSA-stimulated CPM and SI in patients with AD who were sensitive to hen’s egg or cow’s milk were significantly
(lp < 0.005 for each) higher than those of control groups I and II, respectively.

*Mean = 1 SD.

‘tControl group I, healthy children; control group II, patients with immediate allergic symptoms.

$Food antigens for specific IgE antibodies were hen’s egg in hen’s egg allergy and cow’s milk in cow’s milk allergy.

§Food antigens for proliferative responses of PBMCs were ovalbumin in hen’s egg allergy and BSA in cow’s milk allergy.
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TABLE IV. Courses of the severity of AD, specific IgE antibodies to hen’s egg, and proliferative
responses of PBMCs to ovalbumin on 33 patients wtih AD who are sensitive to hen’s egg

Specific IgE
antibodies to Proliferative responses
hen’s egg of PBMCs to ovalbumin
(PRU/ml) (to BSA¥*) (SI) Severity of AD Other
allergic
Patient Age Beforet Aftert Beforet Aftert Beforet Aftert symptoms
Elimination diet group

| 6 mo 0.34> 0.34> 7.48 (0.60) 2.74 (0.34) Moderate Mild

2 8 mo 5.6 1.9 6.80 (1.56) 0.85(1.45) Moderate Mild

3 1 yr 0 mo 0.34> 0.34> 5.24(1.48) 2.63(0.89) Moderate Mild

4 2 yr S mo 34 0.4 4.00 (0.97) 1.57(0.72) Mild Healthy BA

5 5 mo 1.7 0.34> 3.98(1.19) 1.25(1.36) Moderate Mild BA

6 1 yr 10 mo 2.8 2.8 3.78 2.67 Moderate  Mild

7 2 yr 1 mo 0.34> 0.34> 3.75(0.85) 2.71(0.79) Moderate Mild

8 10 mo 2.4 0.9 3.51 2.02 Severe Moderate

9 4 yr 6 mo 0.7 0.9 3.48 (1.02) 2.39(0.42) Severe Moderate
10 1 yr § mo 1.4 0.4 3.27 (1.30) 1.86(1.00) Moderate Healthy
11 8 mo 7.4 2.0 3.19(1.31) 2.27(1.87) Moderate Mild
12 6 mo 0.8 0.34> 3.15(1.75) 2.17 (1.45) Moderate Mild
13 1 yr 7 mo 17.5< 14.3 3.12 1.13 Severe Moderate  BA
14 10 mo 17.5< 9.6 3.11 1.71 Moderate  Mild
15 9 yr 3 mo 0.34> 0.34> 276 (1.75) 2.32(0.65) Severe Mild
16 8 mo 1.7 0.34> 254 (0.91) 1.37(0.78) Severe Healthy
17 6 mo 43 2.6 2.48 (1.19) 2.30(0.91) Moderate Mild
18 4 yr 9 mo 0.34> 0.34> 2.26(0.58) 1.36(0.70) Mild Healthy UR
19 1 yr 4 mo 1.0 0.4 2.07 (1.54) 1.37(1.01) Mild Healthy DA
20 1 yr 6 mo 1.4 2.1 2.06 1.14 Mild Healthy BA
21 1 yr 5 mo 8.3 3.9 2.02(1.02) 2.04(1.47) Mild Healthy
22 4 mo 5.1 0.4 2.01 1.00 Severe Mild
23 7 mo 3.0 0.34> 196 (0.87) 0.91(0.59) Mild Healthy BA
24 3 yr 3 mo 17.5< 17.4 1.25(0.79) 1.95(1.41) Moderate Mild
25 4 mo 17.5< 0.6 1.21 2.05 Moderate  Mild
26 12 yr 4 mo 0.7 0.34> 1.05 (1.45) 1.52(1.13) Severe Moderate  BA
27 1 yr 8 mo 1.1 0.8 1.01 (1.27) 1.00(1.29) Mild Healthy

Nonelimination diet group

28 2 yr 0 mo 4.5 6.8 4.43(1.56) 3.71 (0.81) Moderate  Moderate
29 6 yr 1 mo 0.34> 0.34>  2.64 2.71 Moderate  Moderate
30 3 yr 9 mo 3.4 3.9 2.51 2.78 Moderate  Severe
31 1 yr 6 mo 0.34> 0.34>  2.14(0.88) 3.05(0.93) Moderate Moderate BA
32 1 yr 6 mo 0.4 0.4 1.06 1.67 Mild Mild
33 10 yr 9 mo 1.6 2.2 0.72 (0.78) 3.37(1.16) Moderate  Severe

BA, bronchial asthma; UR, uritcaria; DA, drug allergy.

Results of statistical analysis for the data of proliferative responses of PBMCs are shown in Table VI.
*The value in each parenthesis is SI in the case in which BSA was used as a control antigen.

tData before elimination diets or nonelimination diets were begun.

{Data for 3 months or for more than 3 months after elimination diets or nonelimination diets were begun.

scored 0 to 4 + by comparison with serially diluted reference
sera (Pharmacia) graded A to D (i.e., a serum <D = 0;
between D and C = 1+; and >A = 4+). RAST scores
of 2+, 3+, and 4+ (=0.7 Phadebas RAST units
[PRU]/ml) were recorded as positive, and RAST scores of
0 and 1 + (<0.7 PRU/ml) were recorded as negative.

Statistics

Data were expressed as the mean = SD. Statistical anal-
ysis was performed with use of the Wilcoxon-Mann-Whit-
ney test, the paired Wilcoxon test, or the Spearman rank
test.
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TABLE V. Courses of the severity of AD, specific IgE antibodies to cow’s milk, and proliferative
responses of PBMCs to BSA on 21 patients with AD who are sensitive to cow’s milk

Specific IgE
antibodies to cow'’s Proliferative responses
milk of PBMCs to BSA (to
(PRU/mI) ovalbumin*) (Sl) Severity of AD Other
allergic
Patients Age Beforet Aftert Beforet Aftert Beforet Aftert symptoms
Elimination diet group

1 2 yr 2 mo 0.34> 0.34> 8.44(0.61) 1.60(1.14) Moderate Mild

2 6 yr 5 mo 0.34> 0.34> 8.29(1.20) 1.08 (1.34) Severe Moderate BA

3 1 yr 7 mo 17.5< 17.5< 5.31(0.88) 1.30(0.94) Severe Moderate BA

4 1 yr 10 mo 0.34> 0.34> 5.10 1.68 Moderate  Mild

5 6 mo 17.5< 9.9 5.07 (1.50) 1.61(0.93) Moderate Healthy

6 1 yr 7 mo 0.34> 0.34> 491 (1.27) 1.42(0.85) Moderate Healthy

7 4 yr 6 mo 1.6 0.9 4.89(1.80) 1.30(1.30) Moderate Mild

8 3 mo 6.8 0.34> 4.84 3.78 Moderate  Mild

9 5 yr 9 mo 0.34> 0.34> 3.62(0.81) 2.48(0.92) Moderate Moderate

10 1 yr 8 mo 2.8 0.8 2.70 (1.13) 1.42(0.83) Mild Healthy
11 1 yr 3 mo 0.34> 0.34> 243 1.02 Severe Mild Gl

12 4 yr 9 mo 0.34> 0.34> 2.32(0.96) 1.59(1.04) Severe Moderate

13 9 yr 3 mo 0.34> 0.34> 2.12 1.33 Severe Mild

14 8 mo 0.34> 0.34> 198 (0.88) 1.33(0.91) Moderate Mild

15 12 yr 3 mo 1.7 0.34> 1.45(0.77) 1.13(1.13) Severe Mild BA
16 1 yr 5 mo 3.0 2.6 1.19 (1.38) 1.67 (1.33) Moderate Mild

Nonelimination diet group

17 8 mo 0.34> 0.9 3.21 (1.12) 3.44 (0.96) Moderate Moderate
18 1 yr 5 mo 0.34> 0.34> 2.22(1.44) 2.71(1.85) Mild Mild BA

19 1 yr 2 mo 0.34> 034> 219 2.81 Mild Moderate
20 4 yr 2 mo 7.4 8.3 1.68 (0.78) 2.56 (0.81) Moderate Severe
21 10 yr 9 mo 0.9 0.5 0.88 7.33 Moderate  Severe

BA, Bronchial asthma; GI, gastrointestinal symptoms.

Results of statistical analysis for the data of proliferative responses of PBMCs are shown in Table VII.
*The value in each parenthesis is SI in the case in which ovalbumin was used as a control antigen.

tData before elimination diets or nonelimination diets were begun.

tData for 3 months or for more than 3 months after elimination diets or nonelimination diets were begun.

RESULTS

Serum IgE levels, specific IgE antibodies,
and proliferative responses of PBMCs to
food antigens

The results of serum IgE levels, specific IgE anti-
bodies to hen’s egg or cow’s milk, and proliferative
responses of PBMCs to ovalbumin or BSA for control
group I, control group II, and patients with AD who
are sensitive to hen’s egg or cow’s milk are presented
in Table IIl. Serum IgE levels of patients with AD
were significantly (p < 0.01 for each) higher than
those of control groups I and II. Specific IgE
antibodies to hen’s egg or cow’s milk of patients
with AD and of control group II were significantly
(p < 0.01 for each) higher than those of control group
I, respectively. The proliferative responses of PBMCs

to ovalbumin or BSA in patients with AD who were
sensitive to hen’s egg or cow’s milk were significantly
{p < 0.005 for each, Table 1II) higher than responses
of control groups I and II, respectively. To confirm
the stability of these responses, we investigated pro-
liferative responses at least two times over 2 weeks
on 36 subjects, including 10 of control group I, 10 of
control group II, and 16 of patients with AD; as a
result, the responses were reproducible.

Effect of elimination diets on the severity of
AD, specific IgE antibodies, and proliferative
responses of PBMCs to food antigens

The courses of the severity of AD, specific IgE
antibodies, and proliferative responses of PBMCs
were followed in 54 randomly selected patients with
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TABLE VI. Results of statistical analysis for comparison of proliferative responses of PBMCs to
ovalbumin or BSA between before and after elimination diets of hen's egg in 33 patients with AD

who are sensitive to hen's egg

After
Subject (no.) Before elimination* elimination* p value
Elimination diet group
Base CPM Q27 351.4 = 65.3 351.1 = 1174 NS
Ovalbumin-stimulated CPM 27 1086.2 = 616.7 667.1 = 283.9 p < 0.005
SI 27 3.06 = 1.56 1.79 % 0.60 p < 0.005
BSA-stimulated CPM 20) 430.7 = 187.2 379.0 = 191.9 NS
SI (20) 1.17 £ 0.35 1.01 + 0.41 NS
Nonelimination diet group
Base CPM (6) 324.1 = 57.2 373.8 = 95.8 NS
Ovalbumin-stimulated CPM (6) 715.5 * 4109 1067.7 + 385.2 NS
SI (6) 2.25 £ 1.32 2.88 = 0.70 NS
BSA-stimulated CPM 3) 312.2 = 1223 381.2 = 208.8 NS
SI 3) 1.07 = 0.42 0.97 = 0.18 NS

Data were analyzed by paired Wilcoxon test.

Ovalbumin-stimulated CPM and SI had significantly decreased after elimination diets compared with those before elimination diets in
elimination diet group; however, no reductions occurred in nonelimination diet group. No reductions occurred in BSA-stimulated CPM

and SI after elimination diets.
*Mean = | SD.

AD, including the 33 patients sensitive to hen’s egg
and 21 patients sensitive to cow’s milk. Forty-three
of them were treated with elimination diets excluding
the offending foods, and 11 had ingested the offending
foods continuously. Of the 43 patients with AD treated
with elimination diets, 27 were sensitive to hen’s egg,
and 16 were sensitive to cow’s milk. Of the 11 patients
with AD without elimination diets, six were sensitive
to hen’s egg, and five were sensitive to cow’s milk.
The courses of the severity of AD, specific IgE an-
tibodies, and proliferative responses of PBMCs on
these 54 patients with AD are shown in Table IV and
Table V. In all 27 patients (no. 1 to 27 in Table IV)
with AD who were sensitive to hen’s egg, the severity
of AD improved as a result of elimination diets of
hen’s egg. In all 16 patients (no. 1 to 16 in Table V)
with AD who were sensitive to cow’s milk except one
(no. 9 in Table V) the severity of AD improved as a
result of elimination diets of cow’s milk. In contrast,
the severity of AD in the 11 patients with AD and
continuous ingestion of the offending foods did not
improve or became worse (Table IV and Table V).
There are no differences in the clinical improvement
after elimination diets among patients with AD with
or without specific IgE antibodies to hen’s egg or
cow’s milk. However, clinical symptoms tended to
improve more rapidly in patients with specific IgE
antibodies to hen’s egg or cow’s milk than in patients
without them.

The courses of specific IgE antibodies are also
shown in Fig. 1, and the courses of proliferative re-

sponses are also shown in Fig. 2. The levels of specific
IgE antibodies to hen’s egg or cow’s milk decreased
gradually during elimination diets in 18 of the 22
patients with positive RAST to hen’s egg and in six
of the seven patients with positive RAST to cow’s
milk. However, in the five patients with AD and neg-
ative RAST to hen’s egg and in the nine patients with
AD and negative RAST to cow’s milk, the levels of
specific IgE antibodies remained negative during elim-
ination diets. Furthermore, the levels of specific IgE
antibodies did not decrease in six patients sensitive to
hen’s egg or five patients sensitive to cow’s milk with-
out elimination diets (Fig. 1). From these results it is
considered that specific IgE antibodies are useful as
indexes of the effect of elimination diets in patients
with positive RAST to hen’s egg or cow’s milk. How-
ever, specific IgE antibodies are not indexes of the
effect of elimination diets for patients with negative
RAST. Table VI and Table VII show the results of
statistical analysis for the data of the proliferative re-
sponses of PBMCs before and after elimination diets
that were shown in Table IV and Table V, respectively.
It is interesting to note that proliferative responses of
PBMCs to ovalbumin or BSA had significantly
(p < 0.005 for each) decreased after elimination diets
compared with the proliferative responses of PBMCs
before elimination diets (Table VI, Table VII, and
Fig. 2). Moreover, proliferative responses of PBMCs
did not decrease after elimination diets in the 11 pa-
tients with AD (6 patients sensitive to hen’s egg and
S patients sensitive to cow’s milk) who continued to
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FIG. 1. A, The courses of specific IgE antibodies to hen’s egg. Results illustrated in 27 patients
with AD who are sensitive to hen’s egg during elimination diets (e——ae), and in six patients
with AD who are sensitive to hen’s egg with continuous ingestion of hen’s egg (o——o). B,
The courses of specific IgE antibodies to cow’s milk. Results illustrated in 16 patients with AD
who are sensitive to cow's milk during elimination diets (e——e) and in five patients with AD
who are sensitive to cow’s milk with continuous ingestion of cow’s milk (o——o).

ingest the offending foods (Table VI, Table VII, and
Fig. 2). Consequently, the decrease of proliferative
responses of PBMCs in the elimination diet group is
thought to be due to the effect of elimination diets.
On the other hand, there were no reductions in pro-
liferative responses of PBMCs to BSA in patients with
AD who were sensitive to hen’s egg but not to cow’s
milk (Table VI), and there were no reductions in pro-
liferative responses of PBMCs to ovalbumin in pa-
tients with AD who were sensitive to cow’s milk but
not to hen’s egg (Table VII). Thus there were no
changes in the proliferative responses to the control
antigen. Furthermore, we investigated the courses of
proliferative responses in 10 additional patients with
AD who were sensitive to both hen’s egg and cow’s
milk and in whom only one or both of the foods were
eliminated from the diet. The changes in proliferation
for the eliminated or noneliminated food antigen are
shown in Table VIII. When only one of the foods was
eliminated in six patients (no. 1 to 6 in Table VIII),
there were no changes in proliferation for the non-

eliminated food antigen, although the proliferative re-
sponses to the eliminated food antigen decreased. On
the other hand, proliferative responses to both oval-
bumin and BSA decreased when both hen’s egg and
cow’s milk were eliminated in four patients (no. 7 to
10 in Table VII). Therefore the reduction of prolif-
erative responses of PBMCs is thought to be an an-
tigen-specific response.

DISCUSSION

Several investigators have reported abnormal re-
sponses in cell-mediated immunity in atopic dis-
ease.*® There have been some reports about specific
responses to specific antigens: for example, T-cell
responses to the major allergen from Dermatopha-
goides pteronyssinus, antigen P,, by Rawle et al.,’
the reaction of lymphocyte responses to ragweed an-
tigen E by Gatien et al.,” and Rocklin et al.,"* and
T-lymphocyte proliferative responses induced because
of potent antigen-presenting capacity of Langerhans
cells after patch test of house dust mite and grass
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FIG. 2. A, The courses of proliferative responses of PBMCs to ovalbumin. Results illustrated for
PBMCs from 27 patients with AD who are sensitive to hen’s egg during elimination diets
{e——e), and for PBMCs from six patients with AD who are sensitive to hen's egg with continuous
ingestion of hen’s egg (o——o). B, The courses of proliferative responses of PBMCs to BSA.
Results illustrated for PBMCs from 16 patients with AD who are sensitive to cow’s milk during
elimination diets (e——ae) and for PBMCs from five patients with AD who are sensitive to cow's
milk with continuous ingestion of cow’s milk (o——ao).

pollen allergens by Bruynzeel-Kooman and Bruyn-
zeel.”” However, little has been reported on food an-
tigen-induced lymphocyte response. ' ' In this study
we investigated proliferative responses of PBMCs to
food antigens, ovalbumin and BSA, in patients with
AD who are sensitive to hen’s egg or cow’s milk and
controls. We have shown that PBMCs from patients
with AD sensitive to hen’s egg or cow’s milk have
significant proliferative responses to ovalbumin or
BSA. The previous study reported that patients with
ragweed allergic rhinitis or ragweed hay fever had
circulating lymphocytes that recognized and re-
sponded to ragweed antigen E.'* !* 22! Fyrthermore,
most patients sensitive to Dermatophagoides ptero-
nyssinus had T cells in their peripheral blood lym-
phocytes that responded to antigen P,.° In a similar
manner our study with regard to food antigens sug-
gests that specific food-sensitive AD is associated with
cell-mediated immunity to specific food antigens.
An elimination diet is a good treatment for food
allergy. Businco et al.’ reported that 12 out of 18
children with resolved allergy to cow’s milk by elim-

ination diets became RAST negative, and that RAST
might be useful either in the diagnosis or in the prog-
nosis of cow’s milk allergy. In our study, the levels
of specific IgE antibodies to hen’s egg or cow’s milk
decreased gradually during elimination diets. There-
fore specific IgE antibodies to food antigens were
useful as indexes of the effect of elimination diets in
food-sensitive patients with positive RAST. However,
patients with AD caused by food allergens do not
always have food-specific IgE antibodies. For the pa-
tients with negative RAST, no indexes exist with
which to evaluate the effect of elimination diets. Some
reports on the effect of immunotherapy on lymphocyte
responses have appeared previously.?” 2 However, it
is unclear whether elimination diets in food allergy
affect the proliferative responses of PBMCs to food
antigens. We have here studied the effect of elimi-
nation diets on proliferative responses of PBMCs in
patients with AD who are food sensitive during elim-
ination diets. As a result, proliferative responses of
PBMC:s to food antigens gradually decreased during
elimination diets. In these patients clinical symptoms
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TABLE VII. Results of statistical analysis for comparison of proliferative responses of PBMCs to
BSA or ovalbumin between, before, and after elimination diets of cow’s milk in 21 patients with

AD who are sensitive to cow’s milk

After
Subjects (no.) Before elimination* elimination* p value
Elimination diet group

Base CPM (16) 326.0 = 77.0 3335 = 894 NS
BSA-stimulated CPM (16) 1285.3 = 657.5 494.2 + 163.5 p < 0.005
SI (16) 4.04 = 2.22 1.61 = 0.65 p < 0.005

Ovalbumin-stimulated CPM (12) 353.2 + 106.0 350.7 = 104.8 NS

ST (12) 1.10 = 0.35 1.06 = 0.19 NS

Nonelimination diet group

Base CPM (5) 307.6 = 45.2 356.2 = 55.1 NS
BSA-stimulated CPM 5) 621.2 = 259.1 1351.7 + 737.9 p < 0.025
S1 5) 2.03 = 0.85 3.77 = 2.02 p < 0.025

Ovalbumin-stimulated CPM  (3) 350.3 = 53.7 409.0 = 165.6 NS

S1 3) 1.11 = 0.33 1.20 = 0.56 NS

Data were analyzed by paired Wilcoxon test.

BSA-stimulated CPM and SI had significantly decreased after elimination diets compared with those before elimination diets in elimination
diet group; however, no reductions occurred in nonelimination diet group. No reductions occurred in ovalbumin-stimulated CPM and

SI after elimination diets.
*Mean = 1 SD.

of AD also improved. These results suggest that elim-
ination diets may be capable of inducing decreased
responsiveness of food-sensitive lymphocytes.

In the report “Workshop on Experimental Meth-
odology for Clinical Studies of Adverse Reactions to
Foods and Food Additives,” clinical trial design,
specific challenge procedures, and statistical proce-
dures are designed. Moreover, in this report it is men-
tioned that information including the method of chal-
lenge procedure should be presented in an article to
allow the reader to assess the validity of the study.”
In our study we defined the time of reaction in double-
blind, placebo-controlled food challenges as being the
time from the first challenge dose to the onset of
symptoms. Hill et al.** also defined the time of re-
action in the same manner. Bock et al.,'” Bock and
Atkins,” Sampson,”® Sampson and McCaskill,” and
Burks et al.?® defined the time of reaction as being the
duration from the last challenge dose to the onset of
symptoms. Moreover, our first challenge dose was one
capsule (0.4 gm). We continued the doubled doses
every hour (i, 2, 4, 8, and 16 capsules) until the
patient had convincing symptoms or until 16 capsules
of dried food were ingested as a single challenge dose.
In the studies of Sampson®™ and Burks et al.”® the
allergen doses were increased more rapidly, because
up to 8 or 10 gm dehydrated food was administered
over 1 hour. Thus the speed of dose-up in our pro-
cedure is slower than the speed in their procedures.
For these reasons we consider that our patients with
AD seem to exhibit much later onset of clinical re-
sponses to food challenges than those reported by
several other groups.? "%

The measurement of proliferative responses of
PBMCs to food antigens in patients with AD and hen’s
egg or cow’s milk sensitivity is not so complicated
nor time consuming in laboratories where lymphocyte
proliferative responses to mitogen such as phytohem-
agliutinin or concanavalin A can be tested. It is not
difficult to use food antigens, ovalbumin or BSA,
instead of mitogens, and eight cases can be examined
on one microtest plate (96 wells) simultaneously, and
the data are obtained in 3 to 5 days. In our study
2 X 10° PBMCs per well (0.2 ml) were cultured,
which is a greater number than the 10° PBMCs (0.2
ml) cultured in the studies of Hsieh® and Hiratani
et al.* We used a round-bottomed microplate, al-
though some investigators used flat-bottomed micro-
plates.® "' When culitures were grown overnight, celis
were observed gathering in the bottom of the round-
bottomed microplate. Therefore cell-to-cell contact is
considered to be closer in a round-bottomed micro-
plate, and cell interaction is thought to begin sooner.
Moreover, the concentration of added human pooled
AB serum is 15% in our study. This percentage is
higher than the 5% of the study of Buckley et al.!
and the 10% in other studies.® *" * * For the above
reasons we consider that peak proliferation in our
study seems to have occurred earlier than in other
studies. Furthermore, the reagents for this measure-
ment are not so expensive. We also examined the
proliferative responses of PBMCs to B-lactoglobulin
simultaneously in patients with AD who are sensitive
to cow’s milk. Considerable agreement existed be-
tween the results of proliferative responses with BSA
and the results with {3-lactogiobulin. Moreover, pro-
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TABLE VIII. Courses of proliferative responses of PBMCs to ovalbumin and BSA in 10 patients with
AD who are sensitive to both hen’'s egg and cow’s milk in whom only one or both of the foods are

eliminated from the diet

Proliferative responses of
PBMCs to ovalbumin (Sl)

Proliferative responses of
PBMCs to BSA (SI)

Patients Age Before* After* Before* After*
Only hen’s egg eliminated
L 2yr 4.007 1.49% 2.09% 2.18|
2 2 yr 8 mo 3.71% 1.25% 2.118§ 2.33
Only cow’s milk eliminated
3 10 mo 2.398% 3.12 2.40t 1.73%
4 4 yr 7 mo 3.308 2.25| 4.29% 1.59%
5 6 yr 5 mo 2.11§ 2.82| 3.00F 1.19%
6 1 yr2 mo 2.31§ 3.65| 3.92¢ 1.17%
Both hen’s egg and cow’s milk eliminated
7 8 mo 3.80 1.17 4.50 2.19
8 7 mo 2.65 1.13 2.34 1.10
9 2 yr 5 mo 4.00 1.13 3.85 1.12
10 8 mo 3.19 1.19 3.69 1.69

The mean = SD SI of the value of + (1.40 = 0.23, n = 6) significantly (p < 0.05) decreased compared with that of T (3.55 + 0.71,

n = 6).

The mean = SD SI of the value of || (2.73 = 0.58, n = 6) did not change compared with that of (2.39 + 0.47, n = 6).

The mean = SD SI of ovalbumin after elimination (1.16 = 0.03, n = 4) significantly decreased (§p < 0.05) compared with that before
elimination (3.41 * 0.61, n = 4) and the mean * SD SI of BSA after elimination (1.53 * 0.52, n = 4) significantly decreased
(p < 0.05) compared with that before elimination (3.60 + 0.91, n = 4) in the cases (patients no. 7 to no. 10) in which both hen’s

egg and cow’s milk were eliminated.
Data were analyzed by paired Wilcoxon test.

*Before, Data before elimination diets or nonelimination diets were begun; after, data for 3 months or for more than 3 months after

elimination diets or nonelimination diets were begun.
tData on eliminated food antigen before elimination.
tData on eliminated food antigen after elimination.
§Data on noneliminated food antigen before elimination.
|[Data on noneliminated food antigen after elimination.

liferative responses of PBMCs to BSA correlated well
(p < 0.01) with the responses to B-lactoglobulin. In
general, B-lactoglobulin is recognized as the major
milk allergen.>** There are also reports that the al-
lergenicity of BSA is recognized in cow’s milk al-
lergy.*> ** Goldman et al.** orally challenged a group
of children with cow’s milk allergy; 62% reacted to
B-lactoglobulin and 52% reacted to BSA.*> Moreover,
BSA is a single protein whose amino-acid sequence
is clear.* B-Lactoglobulin has, however, three genetic
variants. We are going to investigate the interaction
between T-cell receptors and epitopes of the antigen,
that is, a single protein, in the responses of CD4 T
lymphocytes to the antigens. For the above reasons,
BSA was used as a milk allergen instead of {3-lacto-
globulin. For measuring proliferative responses of
PBMCs, patients with AD who are sensitive to only
a few foods are more ideal than patients with multiple
sensitivity. In this study, proliferative responses of
PBMCs to ovalbumin or BSA were measured in pa-

tients with AD who were sensitive to hen’s egg or
cow’s milk, respectively. However, this measurement
is applicable to patients with AD who are sensitive to
multiple foods using each purified antigen.

Taken together, specific IgE antibodies to food an-
tigens are useful indexes of the effect of elimination
diets in food-sensitive patients with AD and positive
RAST, and proliferative responses of PBMCs to food
antigens are useful indexes of the effect of elimination
diets of food-sensitive patients with AD and prolif-
erative responses of PBMCs.
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