Immediate hypersensitivity reactions to
food antigens

Detection of human IgE antibodies in vitro and exploration
of immunologic mechanisms using the rat mast cell system
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Sera from 25 subjects with clear-cut clinical histories of immediate-type hypersensi-
tivity reactions to foods (fish, peanut, chocolate, milk, egg, walnut, and shellfish)
were studied with the use of the in vitro rat mast cell system in a series of con-
trolled experiments. Significant rat mast cell alteration was produced by the sera in
presence of either the suspected antigen or a preparation of monospecific anti-IgE.
No degranulation occurred with unrelated food antigens or with anti-Ig@G, IgAd, or
IgM preparations in equivalent concentrations. The rat mast cell results correlated
well with the clinical histories and the skin tests, except in 3 patients in whom
significant degranulation ocourred despite negative skin tests. In one patient no
degranulation occurred despite a positive skin test. Specific degranulation was shown
to occur as a result of either passive sensitization with reaginic serum or of the
possible formation of antigen-antibody complexes. Complement scems to play no
role in either mechanism. Heating the reaginic sera at 56° C. for 2 hours to abolish
the cell-fizing properties of IgE resulted in the loss of the degranulating property
of the sera in passive sensitization experiments. This test is proposed as a useful
adjunct in the diagnosis of immediate hypersensitivity reactions to foods.

The diagnosis of immediate hypersensitivity reactions to foods usually
depends on the clinical history, the relief of symptoms upon the elimination
of foods, and aggravation upon reintroduction of a single food into the diet.
The clinieal history, however, is subjective, and the elimination and challenge
procedures are often cumbersome for the patient. Moreover, immediate wheal
and flare skin reactions to suspected food antigens are notorious for their un-
reliability. Thus, numerous in vitro procedures have been proposed as aids in
the diagnosis of food allergy.”-1% 5-2¢ Most of these are poor indicators of im-
mediate hypersensitivity in that they fail to detect IgE antibody. With the
availability of an in vitro model to detect specific IgE antibody to penicillin
and grass pollens in our laboratory?' and others,”® we were prompted to eval-
uate a group of patients with immediate hypersensitivity reactions to a variety
of common food antigens and to further explore the immunologic mechanisms
involved in this in vitro system.
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TABLE 1. Summary of findings in patients with immediate hypersensitivity reactions to foods
~—correlation with result of skin test and RMCD test

RMCD
Skin test test
No.
Antigen subject Symptoms + \ - \ N.D. + -
Milk 4 Urticaria, rhinitis, angioedema, 4 0 4 0
asthma, shock

Egg 6 Urticaria, shock, eczema 5 0 1 6 0
Shellfish 8 Urticaria, angioedema 5 1 2 8 0
Fish 9 Urticaria, angioedema 6 1 2 9 0
Walnut 7 Urticaria, angioedema 7 0 7 0
Peanut 4 Urticaria, angioedema 3 1 4 0
Chocolate 3 Urtiearia 3 0 2 1

N.D. = not done.

MATERIALS AND METHODS
Selection of patients

The study group consisted of 25 patients ranging in age from 13 months to 29 years.
This group of patients had clear-cut clinical histories of immediate hypersensitivity
reactions to a variety of food antigens either with or without positive skin tests.* As can
be seen in Table I, there was a total of 41 reactions implicated among the 25 subjects.
Clinical symptoms ranged from urticaria to anaphylactic shoek. They were of an immedi-
ate or explosive nature, occurring within minutes of the food ingestion. Serum samples
were drawn 4 to 20 weeks after the clinical reactions.

Rat mast cell degranulation technique (RMCD}

The RMCD technique as performed in this laboratory has been described in detail
elsewhere.l¢ Briefly, mast cells collected from the peritoneal cavities of Wistar strain
albino rats were suspended in medium 199 containing ethylendiaminetetraacetic acid
(EDTA). After washing, the cells were placed in an ice bath at 4° C. Equal aliquots
of subjects’ sera, rat mast cells, and specific antigen (fish, peanut, chocolate, milk, egg,
shellfish, walnut{) were mixed in a siliconized tube and incubated for 3 minutes at 37°
C. The mixture was then placed on a siliconized slide and covered with a coverslip previ-
ously dyed with neutral red (Fig. 1), and 100 cells were counted by an unbiased observer.
A positive test in this laboratory is one that produces more than 2.5 times the per cent
degranulation seen in control situations.

Experimental design

The basic design we have used in the RMCD experiments is as follows: (1) rat mast
cells (RMC) + sensitive serum (SS) + antigen (Ag); (2) RMC + SS + anti-IgE, anti-IgQ,
anti-IgA, or anti-IgM; (3) RMC + 88; (4) RMC + Ag or anti-IgE, anti-IgG, anti-IgA,
anti-TgM; (5) RMC + nonsensitive seram (NSS) * Ag or anti-Igh, anti-IgG, anti-IgA, anti-
IgM.
Situation 1 depicts the test as ordinarily performed with both the antigen and antibody
present. In Situation £, antihuman IgG, IgA, IgM,i or IgE§ may be substituted for the
antigen. To eliminate inclusion of values for nonspecific degranulation caused by the subjects’

*Hollister-Steir antigens in concentration of 1:20 for scratch testing.
}Hollister-Steir antigens in concentrations of 10 ug per milliliter.
{Hyland Laboratory, Costa Mesa, Calif.

§Kindly provided by Dr. Kimishige Ishizaka. The rabbit antiserum was obtained by im-
munization of rabbits with IgE myeloma protein. The antibody content was measured by
precipitin reaction with the Fe fragments of the myeloma protein.
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FIG. 1. Rat mast cell degranulation procedure.

sera alone or the antigen alone, controls are prepared in each experiment, as shown in
Situations 3 and 4. As additional controls, sera of nonatopic, nonsensitive subjects (NSS8),
usually neonates, are included both with and without each antigen or antihuman IgG, IgA,
IgM, or IgE (Situation 5).

Immunological mechanisms

In an attempt to elucidate the immunologic mechanisms involved in mast cell de-
granulation, the following experiments were performed:

Preformed antigen-antibody complexes. Sera from patients with sensitivity to shrimp and
egg albumin were incubated with the specific antigen for 3 minutes at 37° C. After it was
added to the rat mast cell guspension, the mixture was incubated an additional 3 minutes at
37° C. The cells were then examined in the usual manner.

In vitro passive sensitization of rat mast cells with reaginic serum. Aliquots of rat mast
cell suspension were incubated with serum from a milk-sensitive subject or with serum from
a nonatopic individual. Following three washings, the passively sensitized cells were challenged
with milk antigen as well as anti-IgG, -IgA, -IgM, and -IgE.

Role of complement in rat mast cell degranulation. The RMCD technique was performed
in the usual manner with serum from a shrimp-sensitive subject, which had been heated at
56° C. for 30 minutes to inactivate the complement content. A control experiment was then
performed in which the heated sensitive serum (56° C, x 30 minutes) was mixed with an
equal volume of a fresh, nonheated, nonatopic serum as a source of complement.* Further-
more, the possible participation of complement in the system was explored by preparing
preformed antigen-antibody complexes consisting of heated semsitive serum (56° C. x 30 min-
utes) and specific antigen.

Role of reaginic antibody (IgE) in the RMCD system. An aliquot of serum from the
same subject as used in the preceding experiments was heated at 56° C. for 120 minutes
(to inactivate the IgE content). Rat mast cells were then incubated with this heated serum
and challenged with the specific antigen or anti-IgE.

RESULTS

Figs. 2 and 3 show the results obtained when rat mast cells were incubated
with sera of milk-, egg-, shellfish-, walnut-, fish-, peanut-, and chocolate-sensitive

*The total hemolytic complement activity was determined in this serum and found to be
within normal limits.
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FIG. 2. Mast cells incubated with food-sensitive sera and challenged with specific antigens.

subjects and the specific antigens. The positive results obtained in the test situ-
ations are readily seen when compared to the values for the subject’s own serum
control, nonatopic controls, or the antigen control. No significant mast cell
degranulation was observed when mast cells were incubated with sera of food-
sensitive subjects and challenged with unrelated food antigens to which they were
not sensitive by clinical history.

Fig. 4 demonstrates the class of immunoglobulins involved in mast cell de-
granulation; when mast cells were incubated with food sensitive sera and chal-
lenged with antihuman IgG, anti-IgA, anti-IgM, and anti-IgE, only the anti-
IgE caused significant mast cell alteration, indicating that IgE antibodies are
being detected by the technique. Similar results using anti-IgE have been ob-
tained with a larger number of food-sensitive sera and not illustrated in Fig. 4.

Since sensitive serum, antigen, and mast cells are added simultaneously in the
test procedure, it is possible that mast cell degranulation can be caused by either
the action of IgE antibody-antigen complexes, by antigen combining with IgE
fixed upon the mast cell membrane, or possibly as a result of both of these
mechanisms. When antigen and reaginic serum were incubated at 37° C. for 3
minutes and then added to rat mast cells, results were almost identical to those
obtained in the usual manmner, ie., rat mast cells, antigen, and sera simultane-
ously admixed. In addition, Fig. 5 illustrates the results of passive sensitization
and washing experiments. It is apparent that a significant degree of mast cell
alteration is caused after passive sensitization with milk-sensitive serum and
washings followed by challenge with either milk or anti-IgE, while values for the
nonatopic serum (NSS) remain at low levels for both milk and anti-IgE.

Fig. 6 demonstrates that complement does not play a role in the mast cell
degranulation process, as atopie serum heated at 56° C. for 30 minutes to in-
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FIG. 3. Mast cells incubated with food-sensitive sera and challenged with specific antigens
(10 ug protein nitrogen per milliliter).
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FIG. 4. Mast cells incubated with food-sensitive sera and challenged with anti-IgE, -G, -A,
-M (0.3 pug antibody nitrogen per milliliter).

activate the complement content docs not lose its degranulating ability
(E, F, G, H). Furthermore, when the same serum heated under the same con-
ditions (56° C. x 30 minutes) is used in preformed antigen-antibody complexes,
the latter also result in significant degranulation of the mast cells (I, J). How-
ever, the same serum when heated at 56° C. for 120 minutes to abolish the cell-
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FIG. 5. Mast cells passively sensitized with antibody and challenged with specific antigen
{10 ug per milliliter} or anti-IgE, -G, -A, -M (0.3 ug antibody nitrogen per milliliter).

fixing properties of IgE does lose its degranulating ability (K, ). The addition
of fresh, unheated, complement-containing, nonatopic serum to sensitive serum
that had been heat inactivated for 2 hours does not restore the degranulating
properties (M). This would be expected, since the IgE-fixing properties of the
sensitive serum had been lost by such heating. This observation provides
further support for the capacity of IgE to fix to rat mast cells.

DISCUSSION

Numerous in vivo procedures for the diagnosis of food allergy have been
proposed : elimination and challenge with suspected antigen,® skin tests and
passive transfer, accelerated pulse test,? leukopenie index,? counting of mast cells
in nasal secretions,* inhalation challenge with suspected food antigen,” and the
skin window technique.® The shortecomings of these procedures have been re-
viewed in detail.” Several investigators have applied a variety of in vitro im-
munologic techniques to the diagnosis and elucidation of the mechanisms in-
volved in food allergy. Techniques such ag tanned red cell hemagglutination,® ?
bis-diazotized benzidine (BDB) hemagglutination,® complement fixation, *
gel diffusion,’? and the Farr test*® have been proposed, but they all are poor
indices of immediate hypersensitivity, in as much as they fail to deteet IgE
antibody to the suspected food antigens.

The human basophil leukoeyte histamine release system, with the use of
whole extracts of food antigens, has been found inadequate in detecting immedi-
ate hypersensitivity to foods.” The indireet rabbit basophil degranulation test, an
in vitro technique, was deseribed by Shelley® in 1962 and since then has been
used by other workers sueh as Schwartz and associates,’® Dreyfuss and associ-
ates,’™ and Katz and co-workers'® in the detection of immediate hypersensitivity
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FIG. 6. Mast cells inucubated with shrimp-sensitive serum heated at 56° C. for 30 and
120 minutes and challenged with shrimp antigen (10 ug per milliliter}.

reactions to a variety of drugs, pollens, and foods. In 1965, Kravis'® reported
suecessful use of the rabbit basophil technique in detection of immediate hyper-
sengitivity to egg in a small group of sensitive subjects but failed to obtain
positive results in milk-sensitive subjects with immediate wheal and flare reaction
to milk antigens.

Other authors®® have not found the basophil degranulation test to be a satis-
factory method for the diagnosis of food allergy. In 1965, Schwartz and co-
workers,'® noting the wide variation in the suitability of individual rabbit baso-
phils using the Shelley procedure, introduced an indirect rat mast cell degranula-
tion technique and reported favorable results in a small number of patients with
hypersensitivity to drugs, pollen, and foods.

We?! have previously reported on a modification of the rat mast cell degran-
ulation technique in the detection of immediate hypersensitivity reactions to
penicillin and grass pollen. We also established that these reactions are mediated
by human IgE, as evidenced by specific degranulation of the mast cells by
either antigen or a monospecific rabbit anti-IgE. Our results using foods as
antigens in this in vitro system corroborate our earlier results with pollen,'* and
penieillin.?® It is interesting to note that all patients with clinical immediate-
type hypersensitivity reactions to food and positive wheal and flare skin reactions
to food antigens had a positive RMCD, with the exception of one patient with a
clinical reaction and a positive skin test to chocolate antigen who gave a nega-
tive RMCD. This patient is a 13-month-old infant who had urticaria shortly fol-
lowing the ‘‘first ingestion’’ of choeolate, On the other hand, 3 patients with
clinical histories of immediate hypersensitivity reactions following ingestion of
a food (onme shellfish, one peanut, and one fish) and a negative skin test to the
food antigen had a positive RMCD, suggesting that this in vitro system may be a
better indicator of immediate hypersensitivity than the skin test in some cases.
That patients with a clinical reaction and positive skin tests to one food antigen
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had negative RMCD tests with unrelated antigens gives evidence of the antigenic
specificity of the in vitro procedure. It is interesting to mention in this respect
that cross-reactivity was demonstrated between fish and shellfish with the use of
the rat mast cell test,* as has been shown with other systems (skin test and elin-
ically).

The incubation and washing experiment provides evidence for passive sensi-
tization of rat mast cells by human reaginic IgE antibody, as shown by de-
granulation when either antigen or anti-IgE were subsequently added. However,
this seems not to be the sole mechanism of degranulation, sinee mixtures of
reaginic serum and specific antigen could lead to the degranulation of subse-
quently added rat mast cells. This observation suggests that antigen-antibody
complexes effect rat mast cell degranulation under these circumstances, but it
is difficult to exelude sensitization of the cells by dissociated or unreacted anti-
body. The role of complement in degranulation by either passive sensitization
or antigen-antibody complexes seems to have been reasonably ruled out as shown
by the heating experiment at 56° C. for 30 minutes. This is in accord with
other in vivo and in vitro systems involving human IgE antibody, in which
complement has been shown not to be implicated.??

The negative results using serum heated for 2 hours at 56° C. provide
further support for the fixation of human IgE on rat mast cells. Other evidence
is the recent demonstration of a human myeloma E preparation on rat mast cells
with the use of direet immunofluorence?® and radioactively labeled IgE.2*

We wish to thank Dr. Leonard Montag for referring some of the patients involved in
this study. Technical assistance was provided by Mr. Alberto Lopapa, Ch.D.

*Unpublished observation.
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