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SPONTANEOUS RELEASE OF HISTAMINE FROM BASOPHILS AND HISTAMINE-RELEASING

FACTOR IN PATIENTS WITH ATOPIC DERMATITIS AND FOOD HYPERSENSITIVITY

Hucr A Saseson, MDD Kexyera Ro Broaveest, MDD aNp Jax Bl-‘,k,\‘Hlsm,—Bgé,\l)mc,\'r. MUD.

Abstract Patients with hypersensitivity to food docu-
mented by a double-blind, placebo-controlled oral food
challenge have been reported to have a high rate of re-
lease of histamine from basophils in vitro. To determine
whether patients with atopic dermatitis and food hypersen-
sitivity had similar high rates of spontaneous histamine
release in vitro, whether dietary elimination of relevant
food antigens affected this release, and whether a cyto-
kine, histamine-releasing factor, could account for it, we
evaluated 863 patients with atopic dermatitis and food
hypersensitivity (38 of whom had eliminated the offending
foods from their diets), 20 patients with atopic dermatitis
without food hypersensitivity, and 18 normal volunteers.

Patients with atopic dermatitis and food hypersensitivity
were found to have higher rates of spontaneous release of
histamine from basophils than controls (mean =SE,
35.1=3.9 percent vs. 2.3=0.2 percent; P<<0.001). Those
who had eliminated the offending food allergen from the

\/\/f HILE evaluating the in vitro release of hista-
mine by basophils in response to food antgens.
Mav observed high rates of “spontaneous™ histamine
release n the basophils of 85 percentof children with
food hvpersensiovity as proved i a double-bhnd., pla-
cebo-controlled oral food challenge, butin only 5 per-
cent of persons without lood allergies." More than 25
percent of the total basophil histamine was released
when leukocvie preparations from the cells of food-
sensitive persons were incubated at 37°C without the
addition of antigen or other inducers ol histamine re-
lease. However. these findings were not confirmed by
other investigators.™!

Our purpose 1u this studyv was to confirm Mav's
findings. to determine whether the spontaneous re-
lease of histamine from basophils was mediated by a
cvtokine histamine-releasing tactor, and to determine
whether eliminating the relevant food antigens from
the diet would atfect spontancous histamine release.

METHODS
Subjects

Eightv-three patients were evaluated who fulfilled the criteria of
Hanitin and Rajka’ for the diagnosis of atopic dermatitis. The pa-
tients ranged in age from 2 to 23 vears: approximately two thirds
also had asthma and allergic rhinitis. Food hyvpersensitivity was
diagnosed by double-blind. placebo-controlled oral food challenges.
as described elsewhere.™ The selection of foods for oral challenge
was based on a history of suspected adverse food reactions. plus the
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diet for an extended period had a significantly lower rate of
histamine release (3.7=0.5 percent; P<<0.001). In patients
with atopic dermatitis without food hypersensitivity, the
rate (1.8=0.2 percent) did not differ from that in normal
controls. Mononuclear cells from persons with food aller-
gies spontaneously produced a histamine-releasing factor
in vitro that provoked the release of histamine from the
basophils of other food-sensitive persons, but not fr
those of normal controls. Patients who adhered 1o a r§
stricted diet had a decline in the rate of spontaneous ge#-
eration of the factor by their mononuclear cells. The histd-
mine-releasing factor was found to activate basophils
through surface-bound IgE.

We conclude that in patients with food hypersensitivity,
exposure to the relevant antigens produces a cytokine
{(histamine-releasing factor) that interacts with IgE bound
to the surface of basophils, causing them to release hista-
mine. (N Engl J Med 1989; 321:228-32.)

results of prick skin testing and radioallergosorbent esung, Chad-
fenges were considered positive only when any of several objectve
semptoms developed. Cataneous sympoms inchuded an ervihema-
wus morbitlitorm rash involving more than 5 percent ot the body-
surtace area, or urtcaria; gastrointestinal svmptoms mcluded vom-
iting. diarrhea, or both: upper respiratory svmptoms included
conjuncuval ervithema and tearing, nasal pruritus, rhinorrhea, and
sneezing: and kower respiratory symptoms incladed wheezing au-
dible on auscuitation or a decrease of 20 percent in the foreed
expiriatory volume in one second. Twenry children sith atopice
dermatus and no food hvpersensitivity demonstrable by double-
blind. placebo-controlled oral food challenge and 18 adult volun-
teers not allergic o toods served as controls. Intormed  consent
wits obtained for cach subject. and all studies were approved by
:he Johns Hopkins University Joint Committee on Clineal Tnvesti-
sanon.

Preparation of Peripheral-Blood Basophils

After we obtained informed consent, venous blood was collected
in sterile plastic svringes containing EDTA (pH 7.2) ata final con-
centration of 25 mM. The svringes were inverted several times for
proper mixing, and then the anticoagulated samples were added to
detergent-free polvearbonate tubes containing 6 percent Dextran 70
{Pharmacia, Uppsala, Sweden). The ervthrocytes svere sedimented
at room temperature for 90 minutes. and the leukocyte-containing
plasma was removed. After centrifugation at 300X ¢ for 12 minutes
at +°C, the cell pellet was washed three times in cold HEPES-
buffered saline (0.01M, pH 7.4) containing 0.3 mg of human serum
albumin per milliliter. The final cell pellet was resuspended and
adjusted to 10 to 13X 10° cells per milliliter in HEPES-buftered
saline containing albumin, 2 mM calcium, and | mM magnesium
"HEPES-ACM) for use in the histamine-release assay.

Preparation of Peripheral-Blood Mononuclear Ceils

Venous blood trom patients and controls was drawn into preser-
vative-free heparin (7 units per milliliter) and separated over Ficoll-
Hypaque solution with a modification of the method of Boyum, as
described elsewhere.” The final mononuclear-cell pellet was resus-
pended in RPMI 1640 buffered with 25 mM HEPES and containing
penicillin and streptomycin (35X 10" cells per milliliter). and cul-
tured at 37°C in a humidified 3 percent carbon dioxide environment
for 24 hours. as described initially by Thueson et al.™" All superna-
tants containing histamine-releasing factor that were used in the
leukocvte histamine-release assays were derived from mononuclear
cells not cultured with the addition ol mitogens or antigens — t.e.,
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the Distamine-releasing factor was venerated spontaneonsiv, After
centrifugation at 3002 g for 10 minutes. the cell-free supernatan’
was vemoved, dialvzed for 36 10 48 bours against HEPES-ACN 10
remove vesiduat histamine, and stored a0 = 2000 uniit analvzed g
activieys Phe residual histamine conceniration wis consistents: less
than 50 b per milliliter.

Leukocyte Histamine-Release Assay

Duplicare S0-pd aliquots of the levkorvie suspensinn fapproxi-

' . " L K 1 H
matelv Lo o 250108 hasophils i were incubated in polvstvrene whes
containing S0 pl of prewarnied HEPES-ACN for 5 minutes a:

U0 o determine the rate of spontancons e e o istamine by

vasophils, Sinilar duphicate samples were heated ar TOOC for 1o

minies o measure the ol histamine content. Fo determine the

rake of histamine-releasing acuvite by basophuls that was

by histamine-releasiog fetor, we added 0 wd ol supernatant fron,
e menonuclear-celi calnve ta 50 @1 of the leukoovie preparaion
/ VEC prey

Foo 2010 hasophils s and inenbaced the resudt lor 83 mung

i
V0 The cell SUsPenstons were centriuwed, SUPeriarants were
removed, and the histamine content was determined with use of
Sensitive radioenzymic assav, as deseribed bye Verbure et o™ This
wsay nsed purified histamine methvliransterase and Save resulins
hatwere highls reproducible within the range of 30 pe to 10 ne pet
anlhihter, The release of histamine, cither spontanconshy orous -
duced by histamine-releasing factor, was recorded as a percentage
of the total feukocvie histamine contenr. The hasophils were count-

ed by means of toluidine hine ™ and aleian blae staining,

Lactic Acid Stripping of Basophil IgE

Surtace-bound Lol was dissociared from the basophils with use o
the Tacte acid elution method of Pruzansky et adF The lenkocytes
were washed onee in buiter and onee in normal saline. resuspended
mo mlbof 00T N lactic actd pH S containing TH) mM sodium
chloride and 5 mM potassivm chlovide, and incubared for 5.5 min-
ates at 23700 Cells were then diluted in 30 ml of PIPES butter
contaming 25 mM PIPES, TG mM sodium chlorde, 5> mM POts-
sium  chloride, 5,003 percent human seram adbumin, and 0. per-
cent p-glucose and adjusted 10 pH 74 TPIPES-AGH After two
washes in PIPES-AG. cells were resuspended i PIPES-AG con-
caining b MCEDTA and 10wy of heparin per milliliter.,

Passive Sensitization of Lactic Acid~Treated Basophils

The method of Levy and Osler’™ was nsed to sensitize the
stripped basophils passively. Acid-treated leukocvies from three
donors were incubated with serum diluted in PIPES-AG containing
EDTA and heparin for 90 minutes at 37°C. Unless indicated. serum
samples high in [¢F from patients with myeloma or patients’ serum
samples were diluted 1o contain 417 TU of Lok per milliliter. or 250
ng per leukocyte-cell pellet. The leukocvies were then washed twice
betore use in the leukocvte histamine-release ASSAVS.

Statistical Analysis

The data were analvzed with the nonparametric Wilcoxon
stgned-ranks test for paired data or the Wilcoxon nonpaired rank-
stm test for nonpaired data. The in vitro basophil-stripping experi-
ments were analvzed with the paived 1-test, after normality was
confirmed by the Wilk=Shapiro test.

REsuLTs

Figure | shows the results of the spontaneous re-
lease of histamine from basophils in 25 patients with
atopic dermatitis and food hvpersensitivity who had
not vet begun an appropriate allergen-elimination diet
fgroup l: median age, 5.7; range, 0.8 to 21.2). 38 pa-
tents with atopic dermatitis and food hypersensitivity
who had followed an allergen-elimination diet for at
least one vear (group 2; median age, 3.8 range. 0.8 to
19.3). 20 children with atopic dermatitis who were not
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Figure 1. Mean (= SE) Rates of Spontaneous Release of Hista-
mine from Basophils in Three Groups of Patients with Atopic Der-
matitis and a Group of Contro! Subjects.

Group 1 included 25 patients with recent diagnoses of food hyper-
sensitivity who had not started an allergen-avoidance diet: group
2included 38 patients with food hypersensitivity who had followed
such a diet for one year; group 3 included 20 patients with atopic
dermatitis but no food hypersensitivity. The controls were 18
volunteers with no food hypersensitivity.

»

sensitve to food foroup 3rmedian age, 7.6 ranee, 03

255 and 18 normal volunteers call adulis) whe swere

Lo
not allergic w tood. Group | had significantlv higher
rates of spontancous histamine release tmean =SE.
35 1£3.9 percent: range 1010 85 percent) than normal
controls 12.3+0.2 percent: range. 0 1o bb percent:
P<CO0011. group 2 (3.7=0.5 percent: range. | to 15
percent; P<0.000 and group 3 (1.8=0.2 pereent
range, U4 to 3.1 percents P<<0.001). No patient in
group I had a vace of spontaneous release ol histamine
of less than 10 percent. Rates of histamine release
above 3.3 percent (corresponding 1o the mean of (he
control values plus 3 SDi were considered elevated. \s
a group. the patients with food sensitivity who elimi-
nated appropriate allergens from their diet (group 2)
had significantly higher rates of spontancous hista-
mine release than patients with atopic dermatitis
withour food allerev taroup 3) (P = 0.002}. but con-
siderable overlap was seen. The rates of histamine
release in patients with atopic dermatitis without food
allergy fgroup 3) were not different lrom those in nor-
mal controls (P>0.1]5.

To ascertain whether the ingestion of allergens af-
fected the activation of basophils in the short term. we
undertook studies to determine whether the rate of
spontaneous histamine release was altered after the
mgestion of a tood allergen. Twentv-two of the study
patients underwent double-blind. placebo-controlled
food challenges: of these patients. |4 from group | had
not been evaluated previously and were therefore not
following a restricted diet. and 8 from group 2 had
documented {ood sensitivity and had maintained a re-
stricted diet for approximately one vear. Blood sam-
ples were obtained for leukocyte preparations before
the food challenge, when the first objective svmptom
appeared. and 30 minutes later. In the 14 patients not




on diets. high rates of spontanenus histamine release
from basophils were found before challenge (36,0250
percent. The rates were nor altered significantly by
challenee with the relevant food allergen. erther at the
time of the development of svmptoms or 30 minutes
alterward (56.927.6 percent and 42,6275 percent,
respectivelv: P=00100 ITnothe eight patients with food
sensitviny who were on resiricted diets. the rates of
Listamine release betore the ood challenge were Tow
(.62 1.2 percent), rising moderately but no signifi-
cantly 30 minutes after the appearance of objective

clivdeal svinproms (1977205 percents 0.05<P=20 1

Uhere was no difference mthe number of circadaung
husophils in cither group, betore or after svimptoms
developed: in the 8 patients from group I the counts
were 34070100 colls per Ticer before the challenge
and 300510 't pa-
tents from group 2 the counts were 3.4= 10X 10" cells
per liter before the challenge and 2.9 14X 10 after-
ward, In additon. there was no siegnificant difference
i the total histamine content of the vartous lenkocyvte

alterward, whercas in the

preparations obtained at different times. This would
sugeest that circulating hasophils mayv have the capacs
v o release more histamine inoresponse o a given
signal. but are unlikelv to contribute siegnificantly
to the rise in the plasma histamine level after a pos-
iive tood challenge that was seen inoa previous
study.

The eilect of the elimination of allergens on rates of
spontancous histamine release from hasophils was ex-
amined i another subset of cight patients from group
1. Rates of histamine refease at diagnosis were com-
pared with those alter one vear of an appropriate
climination diet in seven patients. and after tour
months of the diet in one patent (Patient B, as shown
i Figure 2. All the patients had a significant decrease
in the rate of histamine release. with a mean decline
from 38.029.6 percent to +.3+2.1 percent (P<<0.01).

Since persistent circulating tood antigens seemed an

{7 At diagnosis
MR After a year of diet M

Percent Histamine Release

0 - -
1 2 3 4 5 6 7 8
Patient

Mean

Figure 2. Rates of Spontaneous Histamine Release in
Eight Patients.
The rates shown were determined at diagnosis and after one year
of an appropriate ailergen-avoidance diet (four months in the
case of Patient 1).
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Figure 3. Mean Rates of Histamine Release from Basophils In-
duced by Anti-IgE Histamine-Releasing Factor after Passive
Sensitization.

Basophils not responsive to histamine-releasing factor were pas-

sively sensitized with serum samples from five patients with

atopic dermatitis and food allergies (containing IgE™), serum

samples from six subjects without food allergies (containing
IgE 7). and three IgE myeloma proteins.

unlikely cause of the release of histamine noted. the
possibility of a histamine-releasing factor that could
activate basophils was entertained. The mononucicar-
cell supernatants from 13 patients with food sensitivity
and atopic dermatitis not vet following an appropriate
climinaton diet were added 1o basophils from a tood-
sensitive control. who was allergic 1o a different food.
With the supernatants added. there was a significant
increase in cach case in the rate of histamine release as
compared with the values for spontancous release.
with a mean rise of 26.9%8.6 percent from 3.0x1.2
percent (P = 0.006). Supernatants generated from
the mononuclear cells of 10 subjects without food
allergies produced no increase in histamine releasc
over the rate of spontaneous release of the basophil
donor. This would suggest that a histamine-releasing
factor was secreted spontaneously from the mononu-
clear cells of patients with food allergies into the cul-
ture supernatant. probably as a result of an in vivo
signal.

The spontaneous release of histamine and genera-
tion of histamine-releasing factor by mononuclear
cells in vitro were examined in 10 patients with lood
allergies before their diagnosis of food hypersensitivity
and approximately one vear after they were placed on
an appropriate diet for the elimination of food aller-
gens. Aliquots of mononuclear-cell supernatants ob-
tained at the time of diagnosis were stored lrozen, to
be analvzed together with samples obtained at follow-
up. All the supernatants were added to basophils from
the leukocvtes of a single donor with food allergies for
comparisons. The supernatants were also added to
leukocytes from other food-sensitive basophil donors,
and the results were similar. Since the rate of hista-
mine releasability varies among basophil donors. the
results of the single-donor experiment are reported. In
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5 oshows how

termed
baso-
phils obtained irom three dunm\' who did not respond
to histamine-releasing factor were atlected by passive
sensitization with serum samples from five patents
with food hyvpersensitivity (conaining [ell 1 serum
samples trom six persons without ood hvpersensitiv-
ny feontaining gl ) and three different gk myelo-
ma proteins. Both kinds of serum and the myveloma
proteins restored the response ol the stripped cells 10
anti-Ieb with a sienificanty higher rate of histamine
release in the passively sensitized cells than i the
stripped cells (63 percent vs. 42 percent: P<0.03). but
only the addivon of serum samples contuining lgk-
from patients with tood allergies
cant respornse

resulted In a sienifi-
histamine-releasing factor in baso-
phils that had been unresponsive o the factor (lell™
112273 pereent: TgE™ 44208
ma. 3.3 1.8 pereent: P<0.05)

reported recently

percent: [l mvelo-
As with the findings
by MacDonald et al.
0 a histamine-releasing factor derived from nasal
fluid, these studies demonstrate a tunctional hetero-
geneity of LleE molecules.

with respect

DiscussionN

These studies confirm the findings of high rates of
spontancous histamine release from basophils in pa-
tents with food hyvpersensitvity documented by a
blinded oral food challenge. as reported by May. '
The finding of high rates of histamine release in vitro
appears to depend on the continued ingestion of the

release ot

i resulted inthe loss ol production of
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In examining the etfects of histamine-releasing fac-
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factor to induce the release of histamine depended on
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patients with food allergies who were tested had baso-
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which release when ex-
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