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Detection of allergen-induced basophil activation by expression of CD63 antigen
using a tricolour flow cytometric method
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SUMMARY

In the field of allergy diagnosis, mostvitro functional tests are focused on basophils. Nevertheless, the
very small number of circulating basophils limits these experiments and their clinical benefit remains
controversial. As flow cytometry is a valuable tool for identifying cell populations, even at low
concentrations, we developed a tricolour flow cytometric method for the study of allergen-induced
basophil activation. Identification of cells was based both on CD45 expression and on the presence of
IgE on the cell surface, since basophils express high-affinity receptors for IgRIjFCell activation

upon allergen challenge was assessed by the expression of CD63 antigen on the plasma membrane.
Basophil isolation and activation (with the chemotactic peptide formyl-methionyl-leucyl-phenylala-
nine) were validated in 32 non-allergic patients. In 12 allergic patients, basophil stimulation by a
relevant allergen was in most cases positive (10/12). Furthermore a concentration-dependent hook
effect was observed. Of the allergic and non-allergic patients, none showed non-specific activation with
an irrelevant allergen (specificity 100%). Overall, our preliminary results, even in a small population,
suggest that this is a reliable and valuable method for the diagnosis of allergies complementing specific
allergen IgE and skin test results. Obviously, additional clinical studies are needed to validate these first
results.
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INTRODUCTION As flow cytometry is a valuable tool for analysing large

A vide variety of alergens are mplcated i the icucton of 711 o cele 410t entiyig ool pepuatone ven at o,
atopic diseases. This is the main factor contributing to the difficulty . S P u -y -
. ) - - - ; S . . “which could facilitate the study of allergen-induced basophil
in undertaking clinical and biological investigations in allergic

patients. In most cases, a positive skin test and/or positive specif%cg'r:/a:%g'rg?n%nr:”;gﬁt:g: tc(’e f ;r?tlilselz t;izegnbt%tz orr:es(fea‘cf :)afx Ip rés(;n
IgE allows identification of the allergen responsible for the ’ Y gen, P 9

hypersensitivity reaction. In the remaining cases, especially forCeII surfaces, since basophils express high-affinity receptors for

drug allergy, functionaiinvitro studies are needed such as the IgE (FaRI) [1,5,6]. In this selected population cell activation upon

lymphocyte transformation test (LTT), histamine release (HR) OraIIergen challenge is assessed by the expression of CD63 antigen
. . folg the plasma membrane [6,7].

enumeration of the percentage of degranulated basophils. Due 10

their ability to release histamine and other mediators in response

to allergen activation, basophils are considered with mast cells to SUBJECTS AND METHODS

be the key cells in allergic diseases. Mostitro tests are focused Subjects
on basophils, as they are circulating cells (in contrast to mast cells)yood from non-allergicii= 32) and allergicif 12) patients was
Nevertheless, technical difficulties such as the low number Ofy o\ into vacutainer heparinized tubes. The diagnosis of allergy
C|_rc_ulat|ng basoph||§, the necessity of IeucocyFe isolation and th¢ 25 hased on an evocative clinical history, a positive skin-test
difficulty of measuring very l_OW _Ievels c_)f mediators make t_hese(Prick-test; Stallergenes-Pasteur, Fresnes, France) and a positive
methods unreliable and their diagnostic value controversial, 8pecific IgE (Cap-System: Pharmacia, Uppsala, Sweden) against
sensitivity and specificity remain to be clearly defined [1-4]. the following suspected allergens: latex, dlefmatophagoides
Correspondence: Dr J. Bienvenu, Laboratoire d'lmmunologie, CentrePte€ronyssinugs COW’S_ milk, honeybee or a positive HR (R_|A_‘
Hospitalier Lyon-Sud, 69495 Pierre-gite, France. E-mail: bienvenu@ mmunotech, Marseille, France) to aspirin for the remaining
univ-lyonZ.fr patient.
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Cell preparation 1000
As a first step, experiments were performed on non-allergic
subjects in order to validate basophil isolation and activation.
For each sample, we prepared a negative {1@F whole blood
without any drug) and a positive control with gDof chemotactic
peptide formyl-methionyl-leucyl-phenylalanine (fMLP; Sigma, St
Louis, MO) at 10°m added to 10 of whole blood. Both controls
were incubated at 3T for 30 min.

In a second step, the specificity of the method was assessed .
among non-allergic patientsi4< 10) using different dilutions of ~ 0-1 —“""““""6“;3"3/;&"""' Ll Q. CD63/|‘3;E"”'" S
allergen preparations designed for Prick tests: d1 and latex 0-1 1000 01 1000
(Stallergenes-Pasteur) at 1:50, 1:100 and 1:500 in Ca/Mg-free
PBS (Gsco BRL, Grand Island, NY); 10@l of whole blood  Fig. 2. Representative increased expression of CD63 on the basophil sur-
were mixed with 1Q of each dilution in order to demonstrate face before (left histogram, A18-6%, A2 0-2%, A3 91-2%, A4 0%) and after
any potential non-specific activation. (right histogram, B14-8%, B23-3%, B390-8%, B41-1%) exposure to

Lastly, allergic patients = 12) were studied. For each sample allergen (latex, 1:100). Gated cells from region B (Fig. 1) are presented
we prepared a negative control (incubated without any drug opn the basis of CD63 (abscissa) and IgE (ordinate) expression. A basophil
allergen), a positive control with fMLP as previously described,Shiﬁ to the right is clearly observed after allergen challenge.
series of tubes with dilutions of the allergen known to induce
clinical symptoms (d 1, latex, honeybee, cow's milk or aspirin . .
(Stallergenes-Pasteur) at 1:10, 1:20, 1:50, 1:100, 1:200, 1:500 arlgrmuno-Check ﬂuorospheres_ _(C(_)ult.er). I_Drewous experlments
1:1000) and series of tubes with the same dilutions of an irrelevanfi@ve documented a non-specific binding with polyclonal anti-Igg
allergen (known not to be responsible for allergy in this patient), towhich disturbed basc_)phll isolation using side scatter and surface-
detect an eventual non-specific activation. bound IgE characteristics [1,8]. Thus, to be sure to exclude cell

debris and other IgE-reactive leucocytes, we also defined in a first
Antibodies step a region with side scatter characteristics and CDeMpres-
The following MoAbs were purchased: PE-cyanin 5 (PCS5)-con-Sion which comprised basophils and in part lymphocytes (Fig. 1).
jugated anti-human CD45 and PE-conjugated anti-human cDe3 hen, among these cells, we isolated basophils on a biparametric

with their respective isotype controls and used according to thdlistogram with forward scatter and surface-bound IgE (Fig. 1).
manufacturer's recommendations: @0L00ul whole blood Basophils clearly constituted a small distinct population that
(Immunotech). As low concentrations of anti-lgE do not induce Stéined with anti-IgE. After that, we focused only on this popula-

detectable basophil activation [1], surface-bound IgE was detectelion @nd observed CD63 expression before and after stimulation
using diluted polyclonal FITC-conjugated anti-human IgE (dilu-

(Fig. 2). Thus, all results are expressed as a percentage of CD63
tion 1:8 of a 0-5 md/solution: Caltag Labs, San Francisco, CA

). basophils in the total basophil population.
After allergen stimulation, a 15-min staining was performed at
room temperature in a dark chamber. Samples were then lysed

1 2 1000

IgE/FITC

T, T T 1

IgE/FITC

using the Q-PREP system (Coulter, Hialeah, FL). RESULTS
Results of the first experiments are shown in Table 1. In 32 non-
Flow cytometry allergic patients, a wide range of response to fMLP was observed,

Samples were analysed on a Coulter EPICS XL flow cytometesince a few patients showed very weak activatierl@) in
(System 1l software; Coulter) which was calibrated daily with comparison with the others (about 70%). Nevertheless, fMLP
clearly activated basophils: 17-8%ersusl-2% for negative con-
trols (P<0-001, Mann—Whitney test). Such significant results
obtained in a cell population defined by several characteristics
(forward and side scatter, CD45lgE™) which expressed CD63 in
response to fMLP as described by Kretlal. [7] allowed us to
consider these cells as basophils.

Among these non-allergic patients, 10 samples were incubated
with three dilutions (1:50, 1:100, 1:500) of latex and d1. No
activation was shown in any of them and all results remained below
3%, reflecting the absence of a non-specific degranulation.

Allergic patients demonstrated very similar values (negative
ol vy M o gl BRREL controls or with fMLP) in comparison with those of non-allergic
0-1 CD45 PC5 1000 O FSC 1024 patients (Table 1). Nevertheless, in response to the known respon-

sible allergen, basophil activation was in most cases positive and
higher than that observed with fMLP. Individual data are presented

Fig. 1. Left: Gating region (A) defined on the basis of side scatter. L . .
characteristics (ordinate) and CD45 expression (abscissa). Usual basophi Table 2. Within-run reproducibility (= 10) with fMLP or

localization lies between monocytes and lymphocytes. Right: Gated cellSPECific allergen made on three allergic patients was found to be
from A expressed on the basis of forward scatter characteristics (abscissg)12% for each patient. Of the allergic patients, none showed non-
and IgE expression (ordinate); basophils constituted (region B) a smalspecific degranulation with an allergen known not to be responsible
population above lymphocytes. for disease (Table 2). In the allergic group, the most interesting

1024 1000
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1
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Table 1. Basophil activation with formyl-methionyl-leucyl-phenylalanine are focused on basophils since, in contrast to mast cells, they are
(fMLP) (10°w) circulating cells. Nevertheless, the very low number of circulating
basophils constitutes a limitation to these experiments. Concentra-
tion steps are often necessary (Ficoll gradient, elutriation) and this
directly increases the variability of the results. Another approach is
to measure mediators entrapped in basophil secretion granules

Percent activated basophils (CD§3

Non-allergic patientsn(= 32) Allergic patientsif=12) - - . oE |
(such as histamine) after allergen-induced activation. But HR is

Unstimulated Unstimulated costly in terms of both materials (radioisotopes) and laboratory
control fMLP control fMLP technician time. To date, the real benefit brought by HR remains
controversial [3]. Thus, the aim of our study was to perform an easy

1.2x0-3 17-8£ 3* 2:6+x0-8 20-4* 3-4* flow cytometry test for activated basophil detection, without any
(range 0-6) (range 4-75) (range 0-9) (range 8-43) previous cell separation steps, using a model consisting of whole

blood without pretreatment (free of any additional mediators such
Results are expressed as meas.e.m. P<0-001, fMLPversusthe as IL-3), with a short incubation time in order to provide a method
respective unstimulated control. with a reasonable degree of standardization which could be used in
different laboratories.
o L Our work was largely based on two previous very interesting
results are shown in Fig. 3, which illustrates data from the allergenyy gies. knokt al. [7,9] detailed expression of CD63 on the human
dilution series in patients who had a positive response to th%asophil surface after anti-IgE or fMLP challenge. They demon-

appropriate allergen (10 of 12). It was noteworthy that there Wagyateq that CD63 is anchored in the basophilic granule membrane
a significant ‘hook effect’ depending on the allergen concentration

(Fig. 3) which was very indicative of a specific biological effect.

Mean *+ s.e.m.
DISCUSSION -

_ _ _ _ _ o + 50 P <0:02 P < 0-008
In diagnosis of atopic allergy, skin testing and quantification of © 45 f " !
serum levels of allergen-specific IgE are considered as the gol@
standards even if variability in results or discrepancies between» 40 T T

interpretation and clinical assessment have been clearly demor% 35
strated. Itillustrates the difficulty in defining a consensusinallergy 3 30
investigation which is largely explained by the multiple factors S 25
which have to be taken into account, e.g. a wide variety of g

responsible allergens, mediation by either IgE or T cells, and‘gdJ 20
variations in disease severity; thus, there is still a need for reliableg 15
in vitro methods to complement the usual investigations when theyS 1g
show discrepancies or are not feasible. Basophils and mast cells ar§ 5F

—
)

key cells in atopic diseases. Consequently, functiamaitro tests @

Unstimulated fMLP 10 20 50 100 200 500 1000
control L I

P
]
(/]

Table 2. Individual results of allergen-induced basophil activation: expres-
sion of CD63 in documented allergic patients={12) with positive skin-
test and positive specific gk & 11) or positive histamine release=£ 1,

Allergen dilutions

+
patient 9). For allergen results, the data shown are the highest valuesld 80 [
obtained from each allergen dilution series ) - i Individual data
P i
= 60
Percent activated basophils [} i
9 50 [
@ i
Age/ Specific  Irrelevant 2 10 F
Patient sex allergen allergen Unstimulated +fMLP 2 i
o 30 [
g |
1 40/F 39 6 9 21 S 20
2 42/F 36 3 6 29 f i
3 16/F 25 6 3 9 s 1or
4 22/M 20 4 1 11 b 0
5 24/M 18 4 1 8 Q e
6 13/F 36 3 2 44 Unstimulated 10 20 50 100 200 500 1000
7 7IM 59 6 1 14 control — !
8 45/F 12 0 0 11 Allergen dilutions
9 37IF 49 6 5 21 Fig. 3. Results of basophil activation depending on allergen concentration
10 13/F 78 2 3 43 in patients (= 10) who presented a positive response to an appropriate
11 35/M 0 0 0 18 allergen: mean values and individual dat®. alues according to the
12 4/F 0 0 0 16 Wilcoxon paired test; one individual curve is missing because results of

only three dilutions were available for this patient.)
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test. Taken together, these data indicate promising developments

in flow cytometry in the diagnosis of allergies in the clinical

immunology laboratory.
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