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Background. Sweating aggravates the symptoms of atopic dermatitis
(AD). We have recently reported positive skin reactions and histamine
release from basophils in response to autologous sweat in patients with
AD.

Objective: To characterize the biochemical and immunological
properties of the substance in sweat that evokes histamine release and to
study the usability of the basophil-histamine release test with the sweat
antigen for AD.

Methods: Sweat collected from healthy volunteers was purified using
chromatographies. Serum immunoglobulin (Ig)E of four patients with
AD were purified using an affinity-chromatography column with anti-
IgE antibodies. The amount of semi-purified sweat antigen (138 ng
protein/ml) that induced a half-maximum reaction of basophils of a
patient with AD was utilized for the basophil histamine release test. The
involvement of specific IgE and high-affinity IgE receptor (FceRI) in
the reactions was examined using basophils of healthy volunteers, a
human mast cell line (LAD?2), and a rat basophilic leukemia cell line
transfected with human a-subunit of FceRI (RBL-48).

Results: The semi-purified sweat antigen induced histamine release
from the basophils of 47 of 61 (74.6%) patients with AD and four of 46
(8.7%) healthy controls. Both basophils and mast cells sensitized with
the patient-derived IgE showed degranulation upon stimulation with the
sweat antigen. However, no reaction was observed when cells were
sensitized with myeloma IgE or the antigen was treated with proteases.
Conclusion: The semi-purified standardized sweat antigen consists of

a protein that induces degranulation of basophils and mast cells via
antigen-specific IgE and FceRI in patients with AD.
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On the contrary, the characteristic distribution of

Atopic dermatitis (AD) is a chronic pruritic skin
disease based on an atopic background (1) and is
often influenced by various triggering factors
such as irritants, foods, aeroallergens, and emo-
tional stress (2). Most patients with AD show
high levels of total and specific serum immuno-
globulin (Ig)E antibodies to a variety of aller-
gens, especially those in food and inhalant
allergens, such as chicken egg, dust mites, pol-
lens, and molds (1). The IgE-dependent allergic
reactions are therefore thought to play a major
role in the pathogenesis of AD (3).

skin lesions (cubital and popliteal fossa, neck, face,
and wrist) and the aggravation after sweating,
observed in many patients with AD, suggest the
involvement of sweat in the pathogenesis of AD.
We recently reported that intradermal injection
of autologous sweat elicited an immediate wheal-
and-flare response in most patients with AD and
that basophil-enriched peripheral leukocytes of
patients with AD released histamine in response
to sweat samples of both patients and healthy
controls (4). We suggested the involvement of
specific IgE in these reactions, showing that the
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removal of IgE of the leukocytes with lactic acid
treatment impaired the histamine release and the
incubation with myeloma IgE before sensitiza-
tion with serum of a patient with AD blocked
the sweat-induced reaction (4). However, we
could not deny the possibility that sweat-induced
degranulation is not mediated by the IgE and the
high-affinity IgE receptor (FceRI) pathway
because of the following reasons. First, serum
rather than purified IgE was used for the sensiti-
zation of the leukocytes. Second, IgE also binds
to the low-affinity IgE receptor (FceRII) on lym-
phocytes (5) in the leukocytes’ preparation for
histamine release test employed in the previous
study. Finally, IgE also binds to FcyRIII and
causes degranulation of mouse mast cells (6).

Adachi and Aoki previously showed the binding
of IgE in sera of patients with AD against concen-
trated sweat, but they observed no significant corre-
lation between the binding activity and skin reaction
to autologous sweat antigen (7). Moreover, Valenta
and his colleagues have recently demonstrated the
presence of auto-IgE in patients with severe AD
(8, 9), but none of the identified antigens for such
IgE has shown such a high reaction profile of the
skin in patients as those induced by sweat samples.

Positive skin reaction to autologous sweat was
selectively observed in the patients with AD
rather than healthy controls (4). However, we
cannot detect and compare precise degrees of
this hypersensitivity by crude sweat materials,
because the amount of histamine-releasing activ-
ity in sweat largely varied owing to the donors of
sweat (4). To elucidate the role of sweat in the
pathogenesis of AD, it is necessary to evaluate
the prevalence and degree of sweat hypersensitiv-
ity using standardized sweat samples and to
determine the precise mechanism of the reaction.

In this study, we semi-purified the histamine-
releasing activity in sweat and standardized it for
more precise studies about the sensitivity, speci-
ficity, and the mechanism of the histamine release
induced by the substance in sweat. Moreover, we
also purified IgE from sera of patients with AD
and demonstrated that the antigen in sweat is a
protein that provokes degranulations of human
basophils, human mast cell line (LAD2), and a
rat mast cell line transfected with human FceRI
(RBL-48) via specific IgE and FceRI.

Methods
Subjects

The following subjects were included in the study: 61 patients
(33 men and 28 women; 2-43 years of age, mean + SD
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24.0 + 7.5) with AD; 13 patients (10 men and 3 women;
29-73 years of age, mean + SD 53.4 + 17) with psoriasis
vulgaris; and 46 healthy volunteers (29 men and 17 women;
1-52 years of age, mean + SD 28.4 4+ 8.9) without allergic symp-
toms. The protocol of the study was approved by the ethics
committee of Hiroshima University, Faculty of Medicine. All
patients and volunteers and/or their guardians were informed of
the aim and protocol and agreed to participate in the study.

Cell lines

Rat basophil leukemia cell line RBL-2H3 cells were cultured as
previously described (10). The RBL-48 cell line has been derived
from RBL-2H3 transfected with the human a-subunit of FceRI
(10), kindly supplied as a gift by Dr Joko Kochan (Hoffmann-
La Roche, Nutley, NJ, USA) and cultured as previously
described (10). Human mast cell line LAD2 cells had been
established from a patient with mast cell sarcoma/leukemia
(11) and kindly supplied as a gift by Dr Cem Akin (National
Institutes of Health, Bethesda, MD, USA). The cells were cul-
tured as previously described (11).

Histamine-release assay

Histamine-release assays with peripheral blood leukocytes, con-
taining about 1% basophils, were performed as described pre-
viously (4). IgE antibodies on the surface of basophils were
removed by treatment with 10 mM lactic acid (pH 3.9; 4). For
passive resensitization, the acid-treated basophils were incu-
bated in calcium-free buffer solution (12, 13) in the presence
or absence of 5pg/ml of the purified patient IgE (described
below) at 37°C for 1.5h. After sensitization, the cells were
washed three times with buffer and exposed to the challenge
stimuli.

Purification of IgE from sera of patients with AD

IgE were affinity purified from the sera of four patients with
AD, whose peripheral leukocytes released histamine by the
semi-purified sweat antigen (described below). A monoclonal
antibody against human IgE antibody, a kind gift from
Wakunaga Pharmaceutical Co. Ltd. (Osaka, Japan), was
coupled to N-hydroxy-succimide (NHS)-activated Sepharose
4FF (Amersham Biosciences Co. Piscataway, NJ, USA) accord-
ing to the manufacturer’s instructions. The gel was equilibrated
in phosphate-buffered saline (PBS) and packed onto a 1 x Scm
column (econo-column, Bio-Rad, Hercules, CA, USA) (human
IgE affinity column). The serum was diluted with two volumes
of PBS and applied to the affinity column. After washing the
column thoroughly with PBS, the IgE antibody was eluted with
0.1 M glycine-HCI buffer (pH 2.7). To neutralize the pH imme-
diately, we collected 1 ml of each fraction in a tube containing
0.25ml of phosphate buffer (2M, pH 7.2). IgE-containing frac-
tions were pooled, filtered (0.22um filter) (Millex-GV,
Millipore Corp., Bedford, MA, USA), and stored at 4°C until
use. The purity of the IgE preparation was confirmed using
sodium dodecyl sulfate—polyacrylamide gel electrophoresis
(SDS-PAGE) (14). The bindability of purified IgE to the
sweat antigen was assessed by dot blotting, using anti-human
IgE labeled with alkaline phosphatase (Diagnostic Products
Co., Los Angeles, CA, USA).

Purification of antigen in sweat

As previous study revealed no difference in the histamine
release activity between the sweat of patients with AD and



that of healthy controls (4), sweat was collected from nine
healthy volunteers using the methods described by Hide et al.
(4), with a slight modification. Each subject took a nylon bag
(Tade-En Co, Hiroshima, Japan), which covered an area from
the foot to the shoulder of the subject, and sat in a small dry
sauna bath box (Matsushita Electric Industrial Co. Osaka,
Japan) at 70°C for about 30 min. The collected sweats (50—
300 ml/volunteer) were immediately filtered (0.22-pm filter)
(250-ml Filter System; Corning, NY, USA) and stored at
—70°C until use.

The antigen in sweat was partially purified as common
histamine release activity for peripheral blood basophils of
three patients with AD. Con A-Sepharose (Amersham
Biosciences Co.) was added to sweat and mixed gently at
4°C overnight. After centrifugation at 700 x g, the superna-
tant (Con A-unbound material) was collected and mixed with
20mM Tris so as to adjust the pH to 8.0. The pH-adjusted
Con A-unbound material was loaded onto an anion-
exchange column (monoQ HR 10/10, Amersham
Biosciences Co.), which was previously equilibrated with
20mM Tris—HCI, pH 8.0, and eluted by a linear gradient of
NaCl up to 1M using FPLC system™ (AKTA explorer 10S
and SMART system, Amersham Biosciences Co.). Eluted
fractions with histamine-releasing activity were collected
and diluted by 0.1% trifluoroacetic acid and loaded onto a
reversed phase chromatography column (SOURCE 15RPC
ST 4.6/100, Amersham Biosciences Co.). The column-bound
material was separated, being eluted by a linear gradient of
acetonitrile. Each fraction was freeze-dried, dissolved in PBS,
and subjected to histamine-release assays. The fractions with
histamine-releasing activity were pooled and used as the
semi-purified sweat antigen.

To estimate the molecular weight of the sweat antigen,
we fractionated the semi-purified sweat antigen in 50 pl
PBS/fraction by a gel chromatography column (Superdex 75
PC 3.2/30, Amersham Biosciences Co.), using the SMART
system at a flow rate of 50 pul/min.

Enzyme treatment of the semi-purified sweat
antigen

A total of 100 ul of the semi-purified sweat antigen was incu-
bated with several enzymes, proteinase K (2mg/ml, Ambion,
Austin, TX, USA), trypsin (0.1 mg/ml, Sigma-Aldrich Co.
St Louis, MO, USA), DNase I (200 U/ml, Ambion), RNase
A (51.5U/ml, Ambion), N-glycanase (25mU/ml, Takara,
Kyoto, Japan), O-glycanase (Endo-N-acetylgalactosaminidase,
125mU/ml; Calbiochem, San Diego, CA, USA), sialidase
(neuraminidase, 1 U/ml, Roche Diagnostic, Tokyo, Japan), or
O-sialoglucoprotein endopeptidase (96 pg/ml, CEDARLANE,
Ontario, Canada), at 37°C overnight. The enzyme-digested
samples were incubated at 85°C for 15min to destroy the
enzymatic activities and stored at —20°C until use. Ten micro-
liter of each sample was used for the histamine-release assay.

Visualization of specific IgE using Dot-blot
analysis

The semi-purified sweat antigen diluted with PBS was absorbed
to nylon membrane (Immobilon-P, Millipore, Billerica, MA,
USA). After blocking with 10% skimmed milk at room tem-
perature for 2 h, the membrane was incubated with 10% human
serum diluted with 3% BSA/PBS at 4°C for one overnight.
After washing with wash buffer (10mM Tris-HCI, pH7.5,
150 mM NacCl, 0.05% Tween 20), the membrane was incubated
with horse radish peroxidase-labeled mouse monoclonal anti-
human IgE antibody (Zymed laboratories, San Francisco, CA,
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USA). IgE-binding materials were detected with chemilumines-
cence of ECL (Amersham Biosciences Co.).

B-Hexosaminidase-release assay

Degranulation of RBL cells or LAD2 cells was assessed by the
release of B-hexosaminidase. The RBL-2H3 cells and the RBL-48
cells were sensitized with or without 50ng/ml mouse anti-
dinitrophenyl (DNP) IgE (Sigma-Aldrich Co.), 0.5 pg/ml human
myeloma IgE (Athens Research and Technology, Athens, GA,
USA) or 0.5 pg/ml of the purified patient IgE in the cell culture
medium at 37°C for 4 days. The LAD?2 cells were sensitized with
1 pg/ml human myeloma IgE or 1 pg/ml of the purified patient IgE
in STEM PRO-34 SFM Complete Medium (Gibco, Grand Island,
NY, USA) at 37°C for 6 days. The semi-purified sweat antigen,
diluted with buffers for each of the cell-assays, was added to the
culture of IgE-sensitized cells and incubated at 37 °C for 30 min. A
goat anti-human IgE antibody (Seikagaku Co. Tokyo, Japan;
diluted 2500 and 1500 times for the RBL cells study and the LAD2
cells study, respectively) or 10 ng/ml DNP-human serum albumin
(HSA) (Sigma-Aldrich Co.) were used as a positive control for the
assays. Cells were pelleted through centrifugation, and the super-
natants were analyzed for f-hexosaminidase release (15, 16).

Statistics

Data were summarized as mean + SD. The statistical signifi-
cance of differences was determined using ANovA with post hoc
examinations with the Scheffe’s F-test for results shown in
Fig. 3 or Fisher’s PLSD test for results shown in Figs4, 5, and
6. Any difference with a P-value of less than 0.05 was consid-
ered to be statistically significant. The tests were performed
using Stat View version 5 for the Macintosh (Abacus concepts
Inc, Berkeley, CA, USA).

Results
Semi-purification of the antigen in sweat

Purification of the antigen from pooled sweat
was conducted 13 times and showed essentially
identical results. In a representative purification
shown here, a total volume of 400ml sweat
(74.2mg protein content) was collected from
three healthy volunteers. The histamine-release
assay for the eluted fractions of 15 RPC column
revealed two peaks of the activity (Fig.la).
Fractions comprising the main peak of
histamine-releasing activity for the basophils of
all of three patients with AD (peak II, eluted with
30-40% acetonitrile) were pooled and used as
semi-purified sweat antigen (1.18mg protein
content in 1 ml PBS) in the following studies. The
effective concentration that induced a half of
the maximum reaction of basophils of a patient
with AD (EC50) dropped to 138 ng/ml (the semi-
purified sweat antigen) from 2.8 pg/ml (crude
sweat) in protein concentration. This concentra-
tion (EC50) of the semi-purified sweat antigen
was used as the standard concentration for the
histamine-release assay.

285



Tanaka et al.

67432 51 4kDa

wvy

Figure 1. Chromatographic profiles of the
histamine-releasing activity in sweat.
(a) Elution profile on SOURCE 15RPC
ST 4.6/100 column chromatography. The
open bar represents fractions used as the
semi-purified sweat antigen. (b) Superdex
75 PC 3.2/30 gel-filtration profile of the
semi-purified sweat antigen. Histamine-
releasing activity was tested using the leu-

kocytes of a patient with atopic dermatitis
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For the estimation of molecular weight of
sweat antigen, the semi-purified sweat antigen
was fractionated using gel filtration (Fig. 1b).
The histamine-releasing activity was detected in
fractions corresponding to 15-30 kDa of globu-
lar proteins.

The histamine-releasing activity of the semi-
purified sweat antigen was totally abolished by
the treatment with proteinase K or trypsin,
whereas the activity was reduced by none of the
other enzymes (Fig. 2). Dot-blotted purified anti-
gen, under non-denaturating condition using
anti-human IgE labeled with horse radish peroxi-
dase induced positive signals when incubated
with sera of three patients but not with sera of
two healthy controls (Fig. 3). However, we have
not been able to show the binding of IgE to the
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Figure 2. Histamine-releasing activity of the semi-purified sweat
antigen after the treatment with several enzymes. The antigen
was treated with each enzyme and heated to destroy the activity
of the enzyme and examined for the histamine-releasing activity
using basophils of a patient with atopic dermatitis. OSGEP:
O-sialoglucoprotein endopeptidase.
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(AD). The leukocytes of other two patients
with AD showed the same histamine-
release pattern.
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antigen with Western blotting under reducing or
non-reducing condition (data not shown).

Histamine release from basophils by the semi-

purified sweat antigen

Of 61 patients with AD, 47 (77.0%) showed more
than 5% histamine release in response to the
semi-purified sweat antigen, whereas only four
of 46 (8.7%) healthy controls and none of 13
patients with psoriasis vulgaris did so (Fig.4).

AD 1

AD 2

AD 3

Cont 1

Cont 2

Purified sweat antigen
(ng/spot)

Figure 3. Visualization of the binding activity of immunoglobu-
lin (Ig)E to the semi-purified sweat antigen using Dot-blot
analysis. The semi-purified sweat antigen (0-12 pg) blotted on
the membrane was incubated with 10% serum of three patients
with atopic dermatitis (AD) (AD 1-3) and two healthy controls
(cont 1 and cont 2). The binding activity of IgE to the antigen
was visualized by anti-human IgE labeled with horse radish
peroxidase and chemiluminescence (ECL).
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Figure4. Histamine release from leukocytes in response to the
semi-purified sweat antigen. Leukocytes of healthy controls,
patients with atopic dermatitis (AD), and patients with psoriasis
vulgaris were stimulated with the standard concentration
(EC50; 138ng/ml) of the semi-purified sweat antigen.
Horizontal line, mean values; dotted line, cut-off level (5%) of
histamine release from basophils. *P <0.001 in comparison
with healthy controls. n.s., not significant.

The leukocytes of all donors tested in this study
released substantial amounts of histamine in
response to goat anti-human IgE antibody. To
examine the correlation between disease severity
and the extent of histamine release, we divided
patients into three groups based on the severity,
according to the grading of AD by Rajka and
Langeland (17). The means + SD of net percen-
tage histamine release of 21 patients with mild
dermatitis, 22 patients with moderate dermatitis,
and 18 patients with severe dermatitis were
30.9 + 28.2%, 32.3 + 26.0%, and 22.3 + 19.9%,
respectively. The extents of histamine release
were not statistically correlated with disease
severity of AD.

Effect of IgE removal and passive sensitization of
basophils with the patient IgE

To study whether the histamine release in
response to the semi-purified sweat antigen was
mediated by IgE, we utilized healthy volunteers’
basophils that released histamine in response to
anti-IgE antibodies but not to the semi-purified
sweat antigen. When the cells were sensitized
with IgE purified from sera of four patients
with AD (AD 1-4), they released histamine in
response to both the semi-purified sweat antigen

Semi-purification of the IgE-sweat antigen

(1.5pg/ml) and anti-IgE antibodies (Fig.5).
These results demonstrated that the release of
histamine from basophils is mediated by IgE of
the patients with AD.

Degranulation of RBL cells and LAD?2 cells by
semi-purified sweat antigen via specific IgE

Both LAD2 cells sensitized with myeloma IgE
and those sensitized with the patient IgE (AD 1)
released B-hexosaminidase in response to anti-
human IgE antibody (Fig.6). However, only
those sensitized with the patient IgE released
B-hexosaminidase in response to the semi-purified
sweat antigen in a concentration-dependent man-
ner (0.46—4.6 pg protein/ml), indicating that the
release of B-hexosaminidase from LAD?2 cells is
an antigen-specific IgE-mediated reaction (Fig. 6).

Similarly, both RBL-48 cells sensitized with
myeloma IgE and those sensitized with the
patient IgE (AD 1) released B-hexosaminidase in
response to anti-human IgE antibody (Fig. 7a).
However, only those incubated with the patient
IgE released B-hexosaminidase in response to the
semi-purified sweat antigen (1.5 pg/ml) (Fig. 7a).
On the contrary, RBL-2H3 cells, the parental
cell line that does not bind human IgE, did not
release B-hexosaminidase, regardless of the same
sensitization procedures (Fig. 7b). This result was
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Figure 5. Effect of sensitization with immunoglobulin (Ig)E of
patients with atopic dermatitis (AD) on histamine release from
basophils. Basophils of a healthy volunteer were treated with
lactic acid to remove endogenous IgE and passively sensitized
with or without IgE (=), human myeloma IgE (myeloma IgE),
or purified patients IgE (AD 14 IgE). The cells were stimulated
with anti-IgE antibody or the semi-purified sweat antigen
(1.5 pg/ml), respectively. Basophils of other three healthy volun-
teers showed the same reaction pattern. Data are mean + SD of
four independent experiments done in duplicate. *P < 0.05 vs.

IgE ().
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Figure 6. B-Hexosaminidase release from LAD2 cells. LAD2
cells were incubated with human myeloma immunoglobulin
(Ig)E (myeloma IgE) or with purified patient IgE (AD 1 IgE).
The cells were stimulated with anti-IgE antibody or the purified
sweat antigen, and the supernatant was analyzed for B-hexosa-
minidase release. Data are mean + SD of four independent
experiments done in duplicate. *P < 0.05 vs. myeloma IgE.

not due to a general dysfunction of these cells,
because RBL-2H3 cells sensitized with mouse
anti-DNP IgE released the equivalent amount of
B-hexosaminidase in response to DNP-HSA, as
did the RBL-48 cells (Fig. 7). These results demon-
strated that human FceRIa as well as antigen-
specific IgE is essential for the release of
B-hexosaminidase stimulated by the semi-puri-
fied sweat antigen.

Discussion

In this study, we demonstrated a high specificity
and a sensitivity of basophil-histamine release
test to the semi-purified sweat antigen for
patients with AD and a crucial involvement of
specific-IgE and FceRI in this reaction.

Both the nature of constituents and the
amounts of antigen(s) in sweat may vary among
individuals (4). To standardize the antigen in
sweat, we partially purified the antigen with
histamine-releasing activity using step-by-step
column chromatography. The result of histamine
release tests using this preparation suggested that
the semi-purified sweat antigen contains major, if
not all, the antigens in sweat, because both the
incidence of positive reactions in the patient
group and that in control group were similar
to that obtained in skin tests with crude sweat
samples in previous studies (4, 7). Moreover,
essentially identical results in the purification
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Figure7. B-Hexosaminidase release from RBL cells. RBL-48
cells (a) and RBL-2H3 cells (b) were incubated with or without
IgE (-), mouse anti-DNP IgE (DNP IgE), human myeloma IgE
(myeloma IgE), or purified patient IgE (AD 1 IgE). The cells
were stimulated with DNP-HSA, anti-IgE antibody, or the
semi-purified sweat antigen (1.5 pg/ml). Data are mean + SD
of four independent experiments done in duplicate. *P < 0.05 vs.

IgE ().

from sweat of different donors suggest that the
antigens in the semi-purified antigen are com-
monly contained in sweat.

The semi-purified sweat antigen induces
degranulation of basophils and mast cells via
the antigen-specific IgE in the sera of the patients
with AD and FceRI on the cell surface. The
basophils of healthy donors, which did not react
to the semi-purified sweat antigen, released hista-
mine after the sensitization with all of the puri-
fied patient IgE. Moreover, LAD2 (human mast
cell line) cells sensitized with the IgE showed B-
hexosaminidase release in response to the semi-
purified sweat antigen, whereas those sensitized
with myeloma IgE did not. The necessity of
IgE binding to FceRI was demonstrated using
RBL-48 cells, which express the a-subunit of
human FceRI. We demonstrated that RBL-48



cells sensitized with the purified IgE released
B-hexosaminidase in response to the semi-puri-
fied sweat antigen, but neither RBL-48 cells sen-
sitized with myeloma IgE nor their parental
RBL-2H3 reacted to the same antigen.

The hypersensitivity against the semi-purified
sweat antigen was selectively observed in patients
with AD, and, unexpectedly, there was no correl-
ation between the extent of the reactions and
disease severities. The basophil-histamine release
test showed high sensitivity (77.0%) and specific-
ity (91.3%) for patients with AD and healthy
controls. Many patients with AD are associated
with high serum IgE levels and positive reactions
in the skin prick test to various environmental
and/or food antigens (18, 19). House dust mite is
one of the commonest antigens to which many
patients with AD are sensitive (20). However,
many healthy individuals also show positive reac-
tions to this antigen (42%) (19). On the contrary,
the incident of sensitization of patients with AD
against the other allergens, such as foods, pol-
lens, and molds, is not higher than 70% (19).
Therefore, the sweat antigen is quite different
from such common environmental allergens in
both sensitivity and specificity for patients with
AD. Although the precise mechanism of develop-
ing eczema by sweat allergy remains unclear, a
number of studies have demonstrated that the
activation of mast cells by antigens results in
not only the release of histamine but also those
of other mediators and cytokines, which may
induce and/or exacerbate the inflammation (21),
observed in AD. In addition, the tests for type I
hypersensitivity to this sweat antigen, such as the
histamine-release test and the radioallergosor-
bent test, should be helpful in making an accur-
ate diagnosis of AD, which is usually made
clinically, based on the features of the skin and
history of the patient and his/her family, taking
into account the level of serum IgE and/or
reactions in skin prick test (22, 23). Recently,
Fukunaga et al. (24) reported that the majority
of patients with cholinergic urticaria are highly
sensitive to autologous sweat antigen. Some of
their patients without AD developed wheal-and-
flare reactions in response to the autologous
sweat injection, as well as patients with AD.
Type 1 hypersensitivity against sweat antigen
may be a common feature shared by AD and
cholinergic urticaria, which are often complicated
to each other.

The antigen in sweat has not been identified
yet. The loss of histamine-releasing activity by
the treatment with proteases, but not the other
enzymes, suggests that the proteinaceous

Semi-purification of the IgE-sweat antigen

structure is essential for the antigenicity.
However, neither a single band in SDS-PAGE
nor a sharp peak of the absorbance in chromato-
graphy, corresponding to the histamine-releasing
activity, has been obtained, despite vigorous puri-
fication efforts using the combinations of the
chromatography methods. The binding activity
of IgE to the antigen was detected in dot-blot
analysis (Fig.3) but not in Western blotting
(data not shown). These results suggest that the
biochemical characteristics of the antigen are
largely different from those of common proteins,
aside from the possibility that our preparation
contains an insufficient amount and/or purity of
the antigen for detection. It is known that fungi
and bacteria colonize the skin surface of many
patients with AD (25). However, the incidence of
the patients’ basophil-histamine releases in
response to the semi-purified sweat antigen
seems too high to be explained by a simple con-
tamination of Malassezia furfur antigens, or sta-
phylococcal antigens (SEA and SEB), because
the incidence of sensitization in patients against
these antigens were reported as 40-65 (26) and
34% (27), respectively. Moreover, the histamine-
release test did not reveal any difference between
sweat samples collected from patients and those
from healthy volunteers, in terms of the amounts
of antigens (4). Therefore, it is likely that the
antigen in the semi-purified sweat antigen is an
endogenously produced substance rather than a
contaminating exogenous substance, such as bac-
teria on the skin. Valenta et al. (9) and Natter
et al. (8) have identified several intracellular pro-
teins from a human epithelial cell line as auto-
antigens for IgE in sera of patients with severe
skin manifestation of AD. However, those pro-
teins produced by recombinant technology
induced no or merely mild skin reactions in
patients whose sera have been demonstrated to
contain IgE against them using Western blotting
(8). Moreover, patients with psoriasis vulgaris,
another inflammatory skin disease with patholo-
gical epithelial cell proliferation, showed negative
results in the histamine-release test to the semi-
purified sweat antigen, and the extents of hist-
amine release to the antigen were not correlated
with the severity of eczema. Therefore, we specu-
late that the antigen in the semi-purified sweat
antigen derives from sweat glands rather than
epithelial cells.

In conclusion, a large population of patients
with AD have type I allergy to the antigen in
sweat. The in vitro basophil-histamine release
test with the semi-purified sweat antigen reported
in this study should be a potential tool for the
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diagnosis of AD because of the high sensitivity
and specificity for AD. Efforts are underway in
our laboratory to carry out a definitive identifi-
cation of the sweat antigen and to develop solid
phase immunoassays, such as enzyme-linked
immunosorbent assay, for IgE to the antigen.
The measures against sweat allergy, such as the
use of clothes with a function to effectively
remove sweat antigen and the continuous injec-
tion of sweat antigen for desensitization, may
contribute to the treatment of AD.
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