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Abstract

The diagnosis of type I allergy is essentially based on clinical data, skin tests, and measurements of allergen-specific IgE.
However, the determination of specific IgE per se does not permit a definitive conclusion concerning the response of effector cells to
the respective allergen(s) and consecutive clinical symptoms in all patients. In an attempt to overcome this problem, a number of
basophil-activation assays have been developed during the last few years. Today, allergen-induced activation of blood basophils can
be employed as a specific and reliable measure of IgE-dependent responses in sensitized individuals. Using recombinant allergens
and basophil-specific markers, these novel assays appear to serve as simple and useful tests in component-resolved diagnosis of type
I allergies. In the current article, the biochemical, functional, and technical background of these basophil tests is discussed.

© 2003 Elsevier Inc. All rights reserved.
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1. Introduction

Immunoglobulin E (IgE)-dependent type I allergies
represent a substantial medical problem in industrialized
countries worldwide [1,2]. Thus, about 20-30% of the
urban population is suffering from symptoms of IgE-
dependent reactions to environmental allergens [1,2].
The symptoms that are caused by such IgE-dependent
reactions include asthma, rhinitis, conjunctivitis, and
atopic dermatitis [1,2]. In many patients, these symp-
toms require continuous treatment and medical care,
and sometimes, the emerging reactions are grave or even
life-threatening [2].

Recent progress has led to the identification, bio-
chemical characterization, and cloning of various aller-
gens [3,4]. Allergens are glycoproteins that expose a
number of IgE-binding sites [3-5]. Sequence homologies
of allergens in various species and cross-sensitization in
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allergic patients have been described [3,4]. During the
past few years, a number of allergens have been cloned
and provided in recombinant form [3-7]. The avail-
ability of recombinant allergens has also led to the de-
velopment of specific (component resolved) diagnostic
tests [8]. However, still many questions remain to be
answered. Likewise, in individual patients, striking dif-
ferences are sometimes noted when biologic skin tests
(prick-test) are compared with serology test results [9—
11]. This notion points to an important role of effector
cells and their activation during an allergic response. It
has also been shown that depending on their structure
and glycosylation status, allergens may differ signifi-
cantly from each other with regard to the activation of
IgE-bearing effector cells [12,13].

Therefore, more recent studies have focused on al-
lergen-induced activation of IgE-bearing cells, i.e., pe-
ripheral blood basophils, in allergic individuals. These
cells store a number of vasoactive mediators (histamine,
and others) in their granules and expose high affinity IgE
binding sites (= FceRI) [14-17]. When IgE receptors
on basophils are cross-linked by an allergen, the cells
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release their mediators into the extracellular space
thereby contributing to allergic symptoms in sensitized
individuals [18-20]. Using natural or recombinant al-
lergens, this reaction can be studied in vitro and can be
employed to measure the allergen-dependent activation
of basophils [8,21,22].

During the past few years, three important assays,
that are based on IgE-dependent basophil activation
and can be employed for allergen-diagnostics, have been
introduced and applied utilizing recombinant allergens:
the histamine release test, the CD63-based ‘baso-test,’
and the CD203c-activation assay.

2. Histamine release test
2.1. Background of assay

Utilizing defined allergens, the histamine release test
provides direct information concerning the releasability
of IgE-bearing basophils. In fact, when IgE-receptors on
basophils are cross-linked by an allergen (through IgE)
or anti-IgE antibody, the cells undergo degranulation
[23-25]. Allergen-induced (IgE-mediated) histamine re-
lease is a dose-dependent reaction with a bell-shaped
peak seen in typical dose-response curves [23-25]. The
capacity of basophils to release histamine in response to
an IgE-dependent stimulus (=releasability) is depen-
dent on several factors including the nature of disease
(in severe atopic diseases, a high spontaneous release is
often seen), previous drug intake, presence of cytokines
and hormones, or previous challenge with activating
agents (desensitization) [25]. In addition, approximately
5% of the individuals are non-responders with regard to
IgE-mediated histamine release [23-25]. In these donors,
a defect in IgE-receptor-signaling pathways (Syk-defi-
ciency in basophils) has recently been proposed [26].
Histamine release is optimal at 37 °C and occurs in the
presence, but not in the absence, of extracellular calcium
[23-25].

2.2. Sampling of blood and preparation of basophils

The assay is usually performed on peripheral blood
basophils (mast cells also express IgE-receptor, but are
tissue-fixed cells). In principle, whole blood, dextran-
isolated granulocytes, or Ficoll-isolated mononuclear
cell fractions (which also contain substantial amounts of
basophils) can be used as primary source of cells. If
basophils are going to be cultured for several hours
before the test is performed, we recommend to use Fi-
coll-isolated mononuclear cell fractions rather than
dextran-isolates or whole blood. With regard to blood
sampling it is recommended that the donors have not
taken drugs or food shortly (several hours) before blood
donation. As anticoagulant, heparin is recommended.

2.3. Selection and application of test-allergens

The type of allergen is selected based on clinical data
and prior skin test- or serology test results. The test can
be prepared using crude allergen extracts or re-
combinant allergens [5-8]. Today, the general recom-
mendation is to use recombinant allergens whenever
possible [8]. In each assay, an anti-IgE antibody is run in
parallel as a positive control (to show that cross-linking
of IgE receptor is sufficient to cause histamine release).
With regard to anti-IgE, the optimal concentration to
cause histamine release ranges between 0.1 and 3 pg/ml
[16-20,24,25]. However, in case of allergens, the effective
range may not be known, and may vary among aller-
gens, and also among allergic individuals. In this regard
it is also important to be aware that the dose-response
curves produced in IgE-receptor cross-linking experi-
ments are mostly monophasic with a bell-shaped peak
that may cover only a (relatively) small concentration-
range [18-20,24,25]. Therefore, the allergens (also re-
combinant) must always be applied in serial dilution
starting at 1.0 pg/ml. Some of the allergens may be very
effective and show histamine release between 0.01 and
0.0001 pg/ml or even in a lower test-range. Fig. 1 shows
a dose-dependent release of histamine from basophils
(of an allergic patient) in response to a recombinant
allergen (Bet v 1).

2.4. Release reaction and measurement of histamine

Usually the histamine release solution contains Pipes,
and always contains Ca’". The release reaction is opti-
mal at 37 °C and occurs within 10-15min [18-20,24,25].
It is recommended that basophils are incubated with
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Fig. 1. Dose-dependent histamine release from basophils induced by
recombinant (r) Bet v 1 in an allergic donor. Basophils were incubated
with various concentrations of r Bet v 1 as indicated. Histamine release
is expressed as a percentage of total histamine. Note bell shape of a
dose-response curve.
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allergens for 20-30 min at 37 °C. Thereafter, cells should
immediately be subjected to centrifugation at 4 °C. After
centrifugation, the cell-free supernatants are recovered
by aspiration. In addition, a cell lysate-sample is stored.
Probes should by stored at or below —20°C. The hista-
mine concentration can be measured by various
techniques such as RIA, ELISA, or fluorometry [18—
20,24-28]. In our hands, the RIA works well [27,28]. In
each experiment, the spontaneous release of histamine
should be measured and should be less than 5% of total
(extracellular + cellular) histamine. In some atopic indi-
viduals, especially those who react against multiple
(auto)allergens, the spontaneous histamine release may
be rather high, so that the test cannot be performed. In
fact, in donors with a spontaneous histamine release of
>5%, the results cannot be judged as being informative
(diagnostic). In case of such result, it is recommended
that the test is repeated some days later in the same
patient, and that all potentially interfering factors (pre-
vious intake of food or drugs, sampling, storage times)
are excluded.

2.5. Calculations and interpretation of test-results

Histamine release (releasability) should always be
given as a percentage of total histamine. As mentioned
above the result should only count if the spontaneous
release of histamine is less than 5%. For diagnostic
purposes, a percentage of histamine release of >10% (or
>5% after subtraction of spontaneous release) can be
regarded as positive result provided that the reaction is
clearly dose-dependent. Based on the magnitude of re-
action, donors can be categorized as non responders
(<5%), low responders (5-19%), intermediate (20—50%),
and good responders (>50%). Such categorization is
always subjective and based on arbitrary figures, and
therefore may not be very useful in clinical terms. Also,
the clinical effectiveness (harmfulness) of the allergen
may not only depend on the maximum amount of me-
diator released but also on the allergen and minimal
concentrations of allergen that are sufficient to cause
histamine release. In addition, it should be pointed out
that histamine is not the only critical mediator produced
by basophils, and release of such mediators may be
differentially regulated in these cells.

3. The CD63 basophil test

CD63 is a tetraspan antigen expressed on various
myeloid cells including blood basophils and blood
monocytes [29]. Resting basophils express only low
amounts of the antigen [14,30-32]. However, when ex-
posed to an allergen or anti-IgE antibody, basophils
express substantial amounts of CD63 on their surface
[30-35]. In recent years, the flow cytometric determina-

tion of CD63 and its allergen-induced upregulation on
basophils in sensitized individuals has been introduced
as a novel assay [31-35]. Thus, utilizing CD63, basophil
responses can be measured and quantitated in allergic
individuals.

3.1. Sampling of blood

The test should be performed in individuals who do
not have a severe infection or an active chronic inflam-
mation. In allergic individuals, it is important to be
aware that these patients often take drugs that interfere
with basophil activation. If at all possible, these drugs
should not be taken at or shortly before the time of
blood sampling. After donation, blood samples should
be worked up within a few hours. As anticoagulant,
heparin (but not other anticoagulants) should be used.

3.2. Test

In principle, whole blood or enriched cells (isolated
granulocytes) can be used to perform the CD63 basophil
test. The use of whole blood may be preferable in rou-
tine and screening examinations. Blood (cell) samples
are incubated with (recombinant) allergens and control
substance at 37 °C. We recommend to use at least two or
three different concentrations of allergen (see histamine
release), and to incubate basophils with the allergen(s)
for 15-20 min. In fact, allergen-induced upregulation of
CD63 is a rapid process with a plateau reached after
5-10 min [32-36]. After incubation, cells are washed and
subjected to two-color flow cytometry using CD63 an-
tibody and a second ‘“‘basophil-specific”’ reagent. As
basophil-specific reagent, a CD203c antibody or anti-
IgE antibody can be employed [32-36]. Other alterna-
tives are CD123 and CD17 [37]. In our experience, the
CD203c antibody is preferable since it is a basophil-
specific reagent [36]. Fig. 2 shows a flow cytometric
evaluation of the increase in CD63 and CD203c on
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Fig. 2. Allergen-induced upregulation of CD63 and CD203c on ba-
sophils in a sensitized donor. Basophils were incubated with control
medium (left panel) or r Bet v 1, 1 pg/ml (right panel) for 10 min. Then,
cells were analyzed for expression of CD63 and CD203c. As visible,
both antigens were found to be upregulated after exposure of basophils
to recombinant allergen.
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basophils in response to a recombinant allergen (Bet v 1)
in a sensitized individual. In case of anti-IgE antibody,
one must be aware that also (activated) monocytes ex-
press IgE-receptors in atopic individuals [38,39]. Simi-
larly, in case of CDI123 or CDI17, expression on
monocytes and other blood leukocytes must be taken
into account [29].

3.3. Interpretation of test results

The increase in surface expression of CD63 is either
given as change in percentage of positive basophils or as
change in mean fluorescence intensity (MFI) [33-36].
We recommend to refer to the MFI-change in all tests, if
possible. With regard to the percentage count, the cut off
level (negative/positive-gate) should be determined with
great caution. It has been proposed that a percentage
count of more than 15% ‘positive’ basophils after aller-
gen-challenge would indicate an allergic state. However,
depending on the antibody used, normal unstimulated
basophils may express CD63 at a much higher per-
centage level [31]. With regard to the MFI, the increase
in CD63 is given as a relative value (stimulation in-
dex = SI) resulting from a comparison between stimu-
lated and unstimulated cells (MFIim: MFI oniro1). An SI
exceeding 2.0 can be regarded as a safe indication of
basophil activation induced by the test substance. The
dose-dependency can be regarded as the second con-
vincing indication for a specific reaction. In some cases,
the allergen-induced increase in CD63 may be visible but
is not diagnostic (SI<2.0). In such cases, we recom-
mend to repeat the test using a fresh sample of blood
after some days. Like the CD203c-test, the CD63-test is
a highly sensitive assay and therefore may show positive
reactions even in patients who do not have definitive
allergies, but only a transient increase in specific IgE
after antigen-challenge. Also, the test result should
always be interpreted in light of the overall clinical sit-
uation of the patient (drug intake, season, immuno-
therapy, recent allergen-challenge, co-existing medical
problems, and disorders).

4. The CD203c basophil-activation assay

The enzyme ecto-nucleotide pyrophosphatase (phos-
phodiesterase) 3 = ENPP-3 (CD203c) is expressed on the
surface of human basophils, but is not expressed on
other peripheral blood cells [40,41]. Thus, ENPP-3/
CD203c is a basophil-specific determinant. In response
to IgE-receptor cross-linking on basophils, the levels of
CD203c rapidly increase [36,40]. Likewise, in sensitized
individuals, exposure of basophils to an allergen or anti-
IgE antibody is followed by a dose- and time-dependent
increase in surface expression of CD203c [36,40,42,43].
Fig. 3 shows the dose-dependent increase in CD203c in
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Fig. 3. Dose-dependent effect of r Bet v 1 on expression of CD203c on
basophils obtained from a sensitized patient.

response to a recombinant allergen in a Bet v 1 allergic
donor. Both natural and recombinant allergens can be
used to promote expression of ENPP-3/CD203c
[36,40,42,43]. However, today, it is recommended to use
recombinant allergens whenever possible. The increase
in CD203c can readily be measured in whole blood
samples using conventional multicolor flow cytometry
without any preanalytical step or second basophil-la-
beling reagent. Based on these notions, a novel basophil-
activation assay employing CD203c has recently been
proposed [36,43].

4.1. Sampling of blood

The test should only be performed in individuals who
do not have a severe infection or an active chronic in-
flammation. This may be a problem in severe atopic
individuals who are often suffering from chronic in-
flammation. In allergic individuals, it is important to be
aware that these patients often take drugs that interfere
with basophil activation. If at all possible, these drugs
should not be taken at or shortly before the time of
blood sampling. After donation, blood samples should
be worked up within a few hours. As anticoagulant,
heparin (not other anticoagulants) should be used.

4.2. Test

In principle, whole blood or enriched cells (isolated
granulocytes) can be used to perform the CD203c test.
The use of whole blood is preferable in routine and
screening tests. Blood (cell) samples are incubated with
recombinant allergens and control substances at 37 °C.
We recommend to use at least two or three different
concentrations of allergen (see histamine release) and to
incubate basophils with the allergen(s) for 15-20 min.
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In fact, allergen-induced upregulation of CD203c is a
rapid process with a plateau reached after 5-15min
[36,40,42,43]. After incubation, cells are washed and
subjected to flow cytometry using CD203¢ antibody.
Alternatively, the CD203c antibody can be directly ap-
plied together with allergen, which keeps the test time to
a minimum (30-60 min in total). So far, only a few
CD203c antibodies have been generated. Of these, the
CD203c antibody 97A6 is the most suitable reagent and
is available in PE-labeled form [40]. Expression of
CD203c can be measured by conventional flow cytom-
etry in single color and as a single step process. All in all,
when compared with other basophil tests, the CD203c
baso-assay appears to be a very simple and rapid test.

4.3. Interpretation of test results

Baseline levels of CD203c expressed on basophils
may differ significantly among individuals. In fact, a
number of different factors may influence the expression
of this antigen. One important factor are T cell-derived
and basophil-activating cytokines. Likewise, IL.-3 pro-
motes the expression of CD203c (unpublished observa-
tion). Therefore, higher levels of CD203¢c may be found
during the course of an inflammatory process. We
therefore recommend to exclude those patients who are
suffering from severe inflammation. The increase in
surface expression of CD203c is given as a relative value
(stimulation index = SI) comparing stimulated with un-
stimulated cells (MFIm:MFI onero1) [36,40,42,43]. An SI
exceeding 2.0 can be regarded as a safe indication of
basophil activation induced by the test substance
[36,40,42,43]. The dose-dependency can be regarded as
the second convincing indication for a specific reaction.
In some cases, the allergen-induced increase in CD203c
may be visible but is not diagnostic (SI < 2.0). In such
cases, we recommend to repeat the test using a fresh
sample of blood after a certain time.

The CD203c test is probably the most sensitive IgE-
specific basophil-activation assay developed so far.
Therefore, this assay may show positive reactions even
in patients who do not have definitive allergies. Like-
wise, a positive reaction may be documented after a
transient slight (even invisible) increase in specific IgE
after antigen challenge (for example, a hymenoptera
sting) [42]. Therefore, the test result should always be
interpreted in light of the overall (clinical) situation of
the patient (drug intake, season, immunotherapy, recent
exposure to allergens, and co-existing diseases).

5. Concluding remarks
A number of useful assays measuring basophil-acti-

vation initiated through specific IgE and the IgE re-
ceptor have been developed during the past few years.

When employing recombinant allergens and novel ba-
sophil markers, these assays appear to be simple tests
and most helpful in the diagnosis of IgE-dependent al-
lergies. Flow cytometry-based assays such as the CD63-
or CD203c¢ test are particularly rapid and can provide
information about basophil responsiveness to an aller-
gen within 60 min.
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