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Abstract

Pimecrolimus (Elidel, SDZ ASM 981) is an anti-inflammatory and immunomodulatory 33-
epichloro-derivative of macrolactam ascomycin, with low potential for affecting systemic
immune responses compared with other calcineurin inhibitors, cyclosporin A and tacroli-
mus. Despite numerous studies focused on the mechanism of pimecrolimus action on mast
cells, only the single report has addressed pimecrolimus effects on other typical FceRI-
expressing cells, the basophils. Patients allergic to birch pollen (n = 20), hymenopteran ven-
oms (n =23) and 10 non-allergic volunteers were examined. Primary human basophils pre-
treated or not with 0.5-50 uMol pimecrolimus were exposed to various concentrations of
recombinant Bet v 1a allergen, bee or wasp venom extracts and anti-IgE for 20 min, and
then examined for the expression of CD45, CD193, CD203c, CD63 and CD164 using flow
cytometry. The externalization of basophil activation markers (CD63 and CD164) was
equally inhibited through pimecrolimus in cells activated by recombinant pollen allergen,
hymenopteran venom extracts and anti-IgE. Although the individual response rate was sub-
ject to strong variation, importantly, pre-treatment with pimecrolimus lowered the number of
activated basophils in response to any of the stimuli in the basophils from all patients. The
inhibition was concentration-dependent; approximately half of the basophils were inhibited
in the presence of 2.5 mMol pimecrolimus. Pimecrolimus is a valuable new tool for the inhi-
bition of hyper-reactive basophils in patients with pollen allergy and a history of anaphylactic
reactions to bee or wasp venoms. Further research should address short-term use of pime-
crolimus in vivo in a wide spectrum of allergic diseases.

Introduction

Opver the last three decades, the rates of asthma and allergic diseases have increased worldwide,
with over half of the U.S. population aged 6 to 59 years sensitive to one or more allergens [1].
In the U.K,, treatment of allergies costs more than one billion pounds annually, requires
183,000+ bed-days [2], and accounts for 11% of total primary care prescribing costs [2-3]. In
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Northern, Central and Eastern Europe, the most allergenic tree pollen is produced by birch
(Betula) [4-5], inducing locally highly prevalent pollen allergies, with a prevalence of up to
54% of the general population, such as in Zurich [4]. Systemic allergic reactions to bee or wasp
(hymenopteran) venom occur in 0.3 to 7.5% of adults across multiple populations [6-10], but
15 to 25% of the general population can be sensitized as shown for rural populations and bee
keepers [6]. The frequency of severe anaphylaxis to venom, drug and food allergens is
1-3:10,000 persons, and is lethal in 0.65 to 2% of patients [11].

Pimecrolimus (Elidel, SDZ ASM 981) is an anti-inflammatory and immunomodulatory
33-epichloro-derivative of the macrolactam ascomycin. Pimecrolimus blocks the activation of
mast cells and T lymphocytes [12] but not dendritic cells [13]. Pimecrolimus cream is in clini-
cal use as an alternative to corticosteroids to treat skin inflammation, particularly for a short-
term and non-continuous chronic treatment of mild to moderate atopic dermatitis in sensitive
skin areas of non-immunocompromised patients non-responding to other local therapy; off-
label use includes allergic contact dermatitis, irritant contact dermatitis and vitiligo [14]. Simi-
larly to tacrolimus and cyclosporin A, pimecrolimus suppresses histamine release through cal-
cineurin inhibition, preventing NFAT dephosphorylation, cytokines production and
degranulation. Pimecrolimus does not affect complement C5a receptor and G-proteins. Some
authors have argued that calcineurin inhibitors rather inhibit antibody production instead of
directly affecting cutaneous mast cells or basophils [15]. The effects of pimecrolimus can be
antagonized by rapamycin, which competitively binds to macrophilin but does not itself affect
the cell activation stimulated by FceRI crosslinking [16]. In contrast to other calcineurin inhib-
itors, pimecrolimus has negligible effects on systemic immune responses [17-18].

Although numerous studies have addressed the mechanism of pimecrolimus action on
mast cells, only a single report addressed pimecrolimus effects on other characteristic FceRI-
expressing cells, the basophils [19]. Our study is the first to address the effects of pimecrolimus
on the activation of primary human basophils by naturally occurring stimuli, such as birch pol-
len allergen, and bee or wasp venom extracts, revealed using the basophil activation test (BAT)
and compared to the anti-IgE treatment.

Materials and Methods
Study population

Three independent cohorts of adult (23-73 years) human subjects of the Czech nationality
were recruited for the BAT tests after written informed consent. Both, the informed consent
form and the experiments, were approved by the Ethics Committee of the Third Faculty of
Medicine, Charles University in Prague; the approval was not numbered and was dated
25-Jun-2012. The absolute exclusion criteria included the use of antihistamines or oral steroids
within 4 days prior to the challenge. The following cohorts were screened:

1. Subjects reporting subjective birch pollen allergy symptoms, with records of at least one pos-
itive skin prick test (>3 mm) for birch pollen allergen or elevated IgE specific to birch pollen
allergen (n = 20).

2. Subjects with the history of systemic anaphylactic reactions to hymenopteran (bee or wasp)
venom of grade II to IV as classified according to the H. Mueller schedule, positive skin test
results and/or elevated specific IgE levels (n = 23).

3. Control subjects without any known history of asthma, allergy and anaphylaxis (n = 10).

We did not apply any relative exclusion criteria based on the ratios of cells positive for baso-
phil activation markers. Only the blood specimens with negative results in anti-IgE
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stimulations were excluded from the presentation and statistical analyses. For the anti-IgE pos-
itive control, the cut-off values were determined by adding the double standard deviation value
of CD63"CD164" basophils observed in patients' background tubes to the mean value [20].
Three individuals from the cohort of subjects allergic to hymenopteran venom were excluded
from the study because they fulfilled the relative exclusion criteria due to insufficient anti-IgE
stimulation of their basophils.

Experimental protocol

We defined basophils as SSC'*CD193*CD203c" cells. In addition we also quantified the num-
bers of CD454™*high cD203ct, CD454™ M8 CD203c* and CD193™ cells. Basophil activation
was estimated using flow cytometry by measuring increases in CD63 and CD164 on the cell
surface prior to and after ex vivo stimulation of cells with recombinant birch (Betula verrucosa)
pollen allergen 1, isoform a (Bet v 1a) (Biomay AG, Vienna, Austria), lyophilized venom
extracts of yellow jacket Pharmalgen Vespula spp. and honey bee Pharmalgen Apis mellifera
(both ALK Abelld, Horsholm, Denmark) and positive control (monoclonal mouse anti-human
IgE, clone E124.2.8; Immunotech, Marseille, France). As a negative control, the cells were incu-
bated in an equal volume of the buffer only. A detailed experimental protocol is provided in
Fig 1. The pimecrolimus concentration was experimentally optimized using seven subjects,
testing doses from 500 nMol to 50 uMol, considering the inhibition of CD63 expression on
~50% of basophils as the target value.

Data analyses

The data analysis was performed using CellQuest flow cytometry analysis software (BD Biosci-
ences, San Jose, CA) as described in Fig 2. In the first step, the basophil population was gated as
$SC°"CD193"CD203c". For the internal control, the following cell populations were gated to
ensure that the basophils were correctly identified: SSC'°¥CD45%™+high §5CloCD203¢",
SSCovCD45% ™ highcD203c*, $SCVCD193* and SSC°YCD203¢*CD193™. In the second step,
the percentage of CD63"CD164" cells was calculated by comparing the numbers of
CD63"CD164" cells to the total number of cells expressing the basophil identification markers
(Table 1). The cell ratios are shown without subtracting the background. The data are pre-
sented as means, standard deviations (SD), and ranges unless stated otherwise. The significance
of the obtained data was examined using paired ¢-tests. Bonferroni correction was applied to
reduce the chances of obtaining false-positive results (type I errors). The significance of corre-
lations between the pimecrolimus dose and CD63 externalization was analyzed using the linear
correlation coefficient r and Spearman’s D.

Results
Optimization of pimecrolimus concentrations

Preincubation of primary human basophils with pimecrolimus resulted in a dose-dependent
inhibition of basophil activation, revealed as down-regulated CD63 externalization. The inhibi-
tion of CD63 externalization on ~50% of basophils was obtained using 2.5 uMol pimecrolimus
(Fig 3); this concentration was thus used throughout the remainder of the study.

Non-stimulated basophils

Pre-treatment of non-stimulated and IL-3-primed basophils with 2.5 uMol pimecrolimus did
not affect the expression of activation markers. The SSC'°*CD193"CD203¢*CD63*CD164"
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Added 100 pl of pre-warmed incubation buffer to the cells, containing or not:

. Pimecrolimus (kindly provided by MEDA Pharma, Bad Homburg, Germany) at final concentration 2.5 nmolxml™,
. Anti-human IgE at 2 pgxml™

. Recombinant birch pollen allergen Bet v 1a at 10 and 100 ngxml™

e  Hymenopteran venoms at 0.1 and 1.0 pgxml™

v

The cells were incubated at 37°C for 20 min, then transferred to the ice and incubated for 5 min.

v

Added 10 pl of ice cold incubation buffer with the following fluorescently labelled antibodies:

. anti-CD45 (MEM-28) PerCP

e anti-CD63 (MEM-259) FITC

. anti-CD63 (MEM-259) PerCP

. anti-CD203c (NP4D6) PE (all EXBIO Praha, Prague, Czech Republic)
. anti-CD193 (5E8) PE (BD Pharmingen, San Diego, CA)

o anti-CD164 (67D2) FITC

. anti-CD203 (NP4D6) APC (both BioLegend, San Diego, CA)

Two panels of the antibodies were used:

o CD45, CD203c and CD63
. CD203c, CD193, CD63 and CD164

v

The test tubes were incubated for 20 min on ice (protected from light), and immediately analyzed by
flow cytometric analysis on FACS Calibur (BD Biosciences, San Jose, CA).

[ Staining and flow cytometry ] [ Activation ] [ Pre-incubation ] L

Fig 1. Experimental protocol used for the ex vivo analysis of the pimecrolimus action on basophil activation.

doi:10.1371/journal.pone.0142953.g001
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Fig 2. Flowchart diagram of the flow cytometry data analysis.

doi:10.1371/journal.pone.0142953.9002
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Table 1. Basophil identification and activation markers used in this study.

CD63 (LAMP-3)

CD164 (MUC-
24)

CD45 (LCA)
CD203c
(E-NPP3)

CD193 (CCR3)

Basophil activation marker. Type Il lysosomal glycoprotein from the tetraspanin transmembrane family, exposed on the cytoplasmic
membrane of human basophils upon activation. It is also present on the surface of activated platelets, monocytes, macrophages, and
some non-hematopoietic lineages. In resting basophils, CD63 is limited to the membrane of intracytoplasmatic granules and is barely
expressed on the outer cell membrane in both healthy individuals and allergic patients. As a result of the fusion of the granule and the
outer cell membrane, CD63 is exposed at high density on IgE- or allergen-activated cells [21].

Basophil activation marker. Heavily N- and O-glycosylated transmembrane sialomucin exposed on the cytoplasmic membrane of
human basophils upon activation. It is also present on the surface of other cells of the hematopoietic lineage, including the CD34*
myeloid and erythroid progenitors, on some non-hematopoietic lineages and transformed cells [22].

Type | membrane glycoprotein considered a marker of hematopoietic cells, except erythrocytes and platelets.

Basophil identification marker. Transmembrane ectoenzyme with ATPase and ATP pyrophosphatase activity, expressed on basophils
and mast cells (at relatively low levels in some resting basophils and upregulated upon activation). It is also expressed on some non-
hematopoietic cell types [23, 24].

Basophil identification marker. G protein-coupled seven transmembrane receptor for eotaxins, RANTES and MCPs. CD193 also
serves also as a co-receptor for HIV-1 and HIV-2. CD193 is expressed on human basophils, eosinophils, mast cells, mononuclear
cells, platelets, T2-like lymphocytes, hematopoietic progenitors and keratinocytes.

doi:10.1371/journal.pone.0142953.t001

cells were nearly absent both prior to and after the incubation with pimecrolimus in leukocytes
obtained from healthy volunteers (Fig 4; paired t-test p>0.05).

Stimulation with anti-IgE

Pimecrolimus inhibited the activation of basophils stimulated with anti-IgE. The total number
of basophils (SSC'°¥CD203¢*CD193", or defined by other combinations of markers) activated
with anti-IgE did not change (Fig 5, S1-S3 Figs), but the basophil activation markers were sig-
nificantly down-regulated in response to pre-incubation with pimecrolimus (paired ¢-test
p<0.001 for each combination; Fig 4B, S4-S8 Figs). In response to pimecrolimus treatment,
the frequency of anti-IgE-activated CD63"CD164" basophils decreased from 22.0+10.8% to
10.3£6.1% in healthy subjects, from 33.1£13.5% to 16.0£6.7% in pollen allergics, and from 29.9
+10.5% to 14.8+9.5% in venom allergics. The extent of the pimecrolimus-induced response to
anti-IgE treatment was similar for all three cohorts (decrease of CD63"CD164" basophils by
53.0%, 51.4% and 50.6% in controls, pollen and venom allergics, respectively).

Stimulation with birch pollen allergen

Pimecrolimus inhibited the activation of basophils stimulated with the recombinant birch pol-
len antigen Bet v 1a. Pimecrolimus induced a significant increase in the externalization of both
CD203c and CD193 on the surface of cells isolated from birch pollen allergics (but not healthy
controls) following stimulation with high doses of allergen (100 ng*ml ™), leading to a 10-14%
increase in the frequency of SSC'°*CD203c¢*CD193*, SSC°*CD203¢" and SSC'*CD193" cells
(paired t-test p<<0.001 for each combination). A similar trend was detected in cells from birch
pollen allergics stimulated with low doses of allergen (10 ng*ml™"; decrease by 2-5%, paired t-
test p = 0.05, >0.05, <0.01, respectively), but was absent in cells isolated from healthy subjects
stimulated with pollen allergen at both doses tested (Fig 5C and 5D, S1-S3 Figs).

Basophil activation markers were significantly down-regulated in pollen allergen-activated
cells in response to pre-incubation with pimecrolimus (paired ¢-test p < 0.001 for each combi-
nation; Fig 4C and 4D, S4-S8 Figs). In response to pimecrolimus treatment, the frequency of
CD637CD164" basophils stimulated with high-dose pollen allergen decreased from 54.9
+16.1% to 26.1£11.7% in birch pollen allergics, and from 0.8+0.5% to 0.5+0.4% in healthy sub-
jects, and the frequency of CD63"CD164" basophils stimulated with low-dose pollen allergen
decreased from 33.3+19.8% to 15.5+9.6% in birch pollen allergics, and from 0.5+0.5% to 0.3
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Fig 3. Inhibition of CD63 externalization on the surface of primary human basophils activated (A) or not (B) following treatment with 0.5-50 pMol
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doi:10.1371/journal.pone.0142953.g003
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basophils (gated as SSC'°YCD193*CD203c*) is shown. The IL-3-primed basophils were pre-treated or not with 2.5 yMol pimecrolimus and analyzed prior to
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and 0.1 yg*ml™* (F). The Tukey box plots are shown, the mean values are presented as lines, and the 5™ and 95™ percentiles are displayed as symbols. The
significance was examined by the paired t-tests with Bonferroni correction at n = 18 and is indicated as *** (por<0.001 = pyncorr<0.000056), **
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doi:10.1371/journal.pone.0142953.g004
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Fig 5. Effects of pimecrolimus treatment on the externalization of CD193 and CD203c. The frequency [%] of SSC'°*CD203¢*CD193* cells among the
total leukocytes is shown. The IL-3-primed basophils were pre-treated or not with 2.5 pMol pimecrolimus and analyzed prior to (A) and after activation with
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Tukey box plots are shown, the mean values are presented as lines, and the 5" and 95" percentiles are displayed as symbols. The significance was
examined by the paired t-tests with Bonferroni correction at n = 18 and is indicated as *** (pcor<0.001 = Puncorr<0.000056), ** (Pcorr<0.01 = Puncorr<0.00056),
* (pcorr<0-05 = puncorr<0-0028) andn.s. (pcorr>o-05 = puncorr<0-0028)-

doi:10.1371/journal.pone.0142953.9005
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10.3% in healthy subjects. The extent of the pimecrolimus-induced response in birch pollen
allergics was similar after treatment with both doses of pollen allergen tested (52.4% and 53.5%
decrease of CD63"CD164" basophils, respectively).

Stimulation with hymenopteran venom extract

Pimecrolimus inhibited the activation of basophils stimulated with yellow jacket and honey
bee venom extracts. Pimecrolimus treatment increased the externalization of both CD203c¢ and
CD193 on the surface of cells isolated from hymenopteran venom allergics (but not healthy
controls) following stimulation with high doses of venom (1.0 pg*ml™"), leading to a 4.3-6.6%
increase in the frequency of SSC'°YCD203c*CD193", SSC"CD203c* and SSC'°VCD193™ cells
(borderline significance—paired t-test p = 0.02, = 0.08 and = 0.02, respectively). We did not
observe a similar trend using lower doses of the venom (0.1 pg*ml’'; paired t-test p > 0.05
each), and this effect was also absent in cells isolated from healthy subjects stimulated with
hymenopteran venom at any dose (Fig 5E and 5F, S1-S3 Figs).

Basophil activation markers were significantly down-regulated in hymenopteran venom-
activated cells in response to pre-incubation with pimecrolimus (paired ¢-test p < 0.001 for
each combination; Fig 4E and 4F, S4-S8 Figs). In response to pimecrolimus treatment, the fre-
quency of CD63"CD164" basophils stimulated with high-dose hymenopteran venom
decreased from 44.4+20.7% to 22.9+13.8% in hymenoptera venom allergics, and from
1.3£1.4% to 0.6+0.5% in healthy subjects, and the frequency of CD63"CD164" basophils stim-
ulated with low-dose hymenopteran venom decreased from 22.8+16.5% to 8.3+7.8% in hyme-
noptera venom allergics, and from 0.8+0.5% to 0.5+0.4% in healthy subjects. The extent of
pimecrolimus-induced response to hymenopteran venom extract treatment of hymenopteran
venom allergics was similar after treatment with both, high and low doses of hymenopteran
venom extract (48.5% and 63.5% decrease of CD63"CD164" basophils, respectively).

Discussion

Calcineurin inhibitors are monitored by FDA. Following topical pimecrolimus treatment,
there were reported 10 postmarketing cancer cases: skin cancers, lymphomas and granuloma-
tous lymphadenitis [25], suggesting photocarcinogenicity as a causative factor. However, three
independent studies showed no difference between the pimecrolimus-treated and control mice
treated with UV or simulated solar radiation [26-28]. In addition, the risk of lymphoma fol-
lowing exposure to topical calcineurin inhibitors was not increased in atopic dermatitis
patients [29]. Thus, a decade ago, EMEA has argued that the available data on possible risk of
carcinogenesis are inconclusive, and requested further long-term safety profiles to provide a
definitive answer. Recent consensus recommendations conclude that these restrictions are no
longer justified and recommend that regulatory authorities should remove the respective pas-
sages [30].

Current therapeutic approaches in allergy and anaphylaxis prefer to target basophil media-
tors, considering histamine antagonists as the most commonly used compounds. Alternative
approaches are represented by the direct inhibition of basophil activation and the subsequent
release of basophil mediators using corticosteroids, systemically administered cyclosporin A,
and topically administered tacrolimus. In the present study, we provided the first evidence that
pimecrolimus can also be used to inhibit the activation of basophils isolated from patients aller-
gic to birch pollen and patients hypersensitive to bee or wasp venoms. Using the BAT test, we
showed that pimecrolimus inhibits the activation of basophils mediated through a broad spec-
trum of stimuli, including the activation of basophils mediated through recombinant birch pol-
len allergen, bee or wasp venom extracts, and an artificial anti-IgE stimulus as a positive

PLOS ONE | DOI:10.1371/journal.pone.0142953 November 12,2015 10/14



@’PLOS ‘ ONE

Pimecrolimus as the Basophil Activation Inhibitor

control. There has only been one previous study concerning the action of pimecrolimus on
basophils. Zuberbier et al. [19] showed that pimecrolimus induces both histamine and tryptase
release in response to anti-IgE treatment. This effect is of particular importance, because tryp-
tase can further amplify the signal through the release of active IL-1f3 and IL-8 from human
endothelial cells, attracting neutrophils and eosinophils, cleaving C3 to the anaphylatoxin C3a
and enhancing bronchial hyperreactivity to histamine [19, 31].

Interestingly, pimecrolimus induced reproducible increases in the number of SSC'*¥ white
blood cells exposing CD193 and CD203c¢ (including the double-positive SSC'*CD193*
CD203c" cells) after stimulation with high doses of allergen or venoms (Fig 5, S1-S3 Figs).
Although this observation contradicts the claims of stable CD193 expression on the cell mem-
brane of all basophils [23], and this effect is consistent with the CD193 down-regulation on
activated basophils claimed by [32-34]. We did not observe the increased externalization of
CD193 and CD203c in pimecrolimus-treated cells activated with low-dose allergen, venom or
anti-IgE and non-activated cells (Fig 5, S1-S3 Figs).

At a 2.5 mMol concentration, pimecrolimus down-regulated the exposure of basophil acti-
vation markers to approximately half of the levels observed on pimecrolimus-untreated cells
activated with any of the stimuli tested. We observed the strongest response to pimecrolimus
in cells activated with low-dose hymenopteran venom (63.5% of cells inhibited) and the weak-
est response in cells activated with high-dose hymenopteran venom (48.5%). The mean
response to 2.5 mMol pimecrolimus reached 52.4% and 53.5% in cells treated with high/low
dose of birch pollen allergen, respectively, and 50.6-53.0% in cells treated with anti-IgE isolated
from the three cohorts tested. Although the individual response rate was subject to strong vari-
ation, importantly, pimecrolimus treatment lowered the number of activated basophils in all
subjects in response to any of the stimuli tested (without exception).

There is limited information available on the quantification of the inhibition of basophil
activation using BAT tests in contrast with the quantification of the activation itself [34]. We
are only aware of the analysis of the cyclosporin A-mediated inhibition of CD203c¢ exposure on
basophils by Hauswirth et al. [35]. Herein, we have shown that pimecrolimus effectively inhib-
ited the membrane exposure of BAT markers in all research subjects, independently of the acti-
vator used. The BAT test revealed that the previously reported pimecrolimus-mediated
inhibition of basophils [19] is not mediated through the partial inhibition of the response of all
the basophils present. The 2.5 mMol pimecrolimus treatment affected the activation of only a
part (approximately a half) of the pool of basophils in each research subject, whereas the
remaining basophils were still sensitive to the activators. The frequency of pimecrolimus-
responding cells was concentration-dependent. The only moderate effects of corticosteroids on
type I allergic symptoms, adverse effects of long-term treatment with corticosteroids, and the
more pronounced effects of treatment with pimecrolimus compared with dexamethasone and
cyclosporin A highlight the potential of pimecrolimus for the treatment of immediate and late-
type allergic diseases.

Supporting Information

S1 Fig. Effects of pimecrolimus treatment on the externalization of CD203c. The frequency
[%] of SSC'°CD203¢-PE" cells among the total leukocytes is shown. The IL-3-primed basophils
were pre-treated or not with 2.5 uMol pimecrolimus and analyzed prior to (A) and after activa-
tion with anti-IgE (B), birch pollen allergen Bet v 1a at 100 ng*ml™ (C) and 10 ng*ml* (D), and
hymenopteran venom at 1.0 ug*ml™ (E) and 0.1 pg*ml™ (F). The Tukey box plots are shown,
the mean values are presented as lines, and the 5 and 95™ percentiles are displayed as symbols.
(PDF)
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S2 Fig. Effects of pimecrolimus treatment on the externalization of CD203c. The frequency
[%] of SSC'°"CD203¢-APC" cells among the total leukocytes is shown. The IL-3-primed baso-
phils were pre-treated or not with 2.5 uMol pimecrolimus and analyzed prior to (A) and after
activation with anti-IgE (B), birch pollen allergen Bet v 1a at 100 ng*ml ™ (C) and 10 ng*ml™
(D), and hymenopteran venom at 1.0 ug*ml™ (E) and 0.1 ug*ml™" (F). The Tukey box plots are
shown, the mean values are presented as lines, and the 5 and 95" percentiles are displayed as
symbols.

(PDF)

S3 Fig. Effects of pimecrolimus treatment on the externalization of CD193. The frequency
[%] of SSC'*"CD193-PE" cells among the total leukocytes is shown. The IL-3-primed basophils
were pre-treated or not with 2.5 uMol pimecrolimus and analyzed prior to (A) and after activa-
tion with anti-IgE (B), birch pollen allergen Bet v 1a at 100 ng* ml™ (C) and 10 ng"ml'1 (D), and
hymenopteran venom at 1.0 pg*ml* (E) and 0.1 pug*ml™" (F). The Tukey box plots are shown,
the mean values are presented as lines, and the 5™ and 95" percentiles are displayed as symbols.
(PDF)

S4 Fig. Effects of pimecrolimus treatment on the externalization of CD63. The frequency
[%] of CD63-FITC" cells among the total basophils (gated as SSC°"CD203¢-PE") is shown.
The IL-3-primed basophils were pre-treated or not with 2.5 uMol pimecrolimus and analyzed
prior to (A) and after activation with anti-IgE (B), birch pollen allergen Bet v 1a at 100 ng*ml’1
(C) and 10 ng*ml™" (D), and hymenopteran venom at 1.0 pug*ml™ (E) and 0.1 pg*ml™* (F). The
Tukey box plots are shown, the mean values are presented as lines, and the 5™ and 95 percen-
tiles are displayed as symbols.

(PDF)

S5 Fig. Effects of pimecrolimus treatment on the externalization of CD63. The frequency
[%] of CD63-PerCP" cells among the total basophils (gated as SSC°"CD203c-APC") is shown.
The IL-3-primed basophils were pre-treated or not with 2.5 uMol pimecrolimus and analyzed
prior to (A) and after activation with anti-IgE (B), birch pollen allergen Bet v 1a at 100 ng*ml’1
(C)and 10 ng*ml'1 (D), and hymenopteran venom at 1.0 pg*ml'1 (E) and 0.1 },Lg"ml'1 (F). The
Tukey box plots are shown, the mean values are presented as lines, and the 5™ and 95 percen-
tiles are displayed as symbols.

(PDF)

S6 Fig. Effects of pimecrolimus treatment on the externalization of CD63. The frequency
[%] of CD63-PerCP" cells among the total basophils (gated as SSC°“CD193-PE") is shown.
The IL-3-primed basophils were pre-treated or not with 2.5 uMol pimecrolimus and analyzed
prior to (A) and after activation with anti-IgE (B), birch pollen allergen Bet v 1a at 100 ng*ml'1
(C) and 10 ng*ml™ (D), and hymenopteran venom at 1.0 ug*ml™" (E) and 0.1 ug*ml™" (F). The
Tukey box plots are shown, the mean values are presented as lines, and the 5™ and 95 percen-
tiles are displayed as symbols.

(PDF)

S7 Fig. Effects of pimecrolimus treatment on the externalization of CD164. The frequency
[%] of CD164-FITC" cells among the total basophils (gated as SSC'*"CD203c-APC") is shown.
The IL-3-primed basophils were pre-treated or not with 2.5 uMol pimecrolimus and analyzed
prior to (A) and after activation with anti-IgE (B), birch pollen allergen Bet v 1a at 100 ng*ml™
(C) and 10 ng*ml™ (D), and hymenopteran venom at 1.0 ug*ml™ (E) and 0.1 ug*ml ™" (F). The
Tukey box plots are shown, the mean values are presented as lines, and the 5" and 95" percen-
tiles are displayed as symbols.

(PDF)
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S8 Fig. Effects of pimecrolimus treatment on the externalization of CD164. The frequency
[%] of CD164-FITC" cells among the total basophils (gated as SSC°“CD193-PE") is shown.
The IL-3-primed basophils were pre-treated or not with 2.5 uMol pimecrolimus and analyzed
prior to (A) and after activation with anti-IgE (B), birch pollen allergen Bet v 1a at 100 ng*ml'1
(C) and 10 ng*ml™" (D), and hymenopteran venom at 1.0 pug*ml™ (E) and 0.1 pg*ml™* (F). The
Tukey box plots are shown, the mean values are presented as lines, and the 5" and 95" percen-
tiles are displayed as symbols.

(PDF)

Acknowledgments

We thank the voluntary blood donors that participated in this study, and MEDA Pharma
GmbH & Co. KG for providing the tested compound.

Author Contributions

Conceived and designed the experiments: PH PK. Performed the experiments: KR. Analyzed
the data: PH. Contributed reagents/materials/analysis tools: PH KR PK. Wrote the paper: PH.

References

1. Arbes SJ, Gergen PJ, Elliott L, Zeldin DC. Prevalences of positive skin test responses to 10 common
allergens in the US population: Results from the Third National health and Nutrition Examination Sur-
vey. J Allergy Clin Immunol 2005; 116: 377-383. PMID: 16083793

2. GuptaR, Sheikh A, Strachan DP, Anderson HR. Burden of allergic disease in the UK: secondary analy-
ses of national databases. Clin Exp Allergy 2004; 34: 520-526. PMID: 15080802

3. Department of Health. Prescription statistics. Available: http://webarchive.nationalarchives.gov.uk/
20040117115633/http:/www.doh.gov.uk/prescriptionstatistics/index.htm. Accessed 7 April 2015.

4. D'Amato G, Cecchil, Bonini S, Nunes C, Annesi-Maesano |, Behrendt H, et al. Allergenic pollen and
pollen allergy in Europe. Allergy 2007; 62: 976-990. PMID: 17521313

5. Eriksson NE, Holmen A. Skin prick test with standardized extracts of inhalant allergens in 7099 adult
patients with asthma or rhinitis cross-sensitizations and relationship to age, sex, month of birth and
year of testing. J Investig Allergol Clin Immunol 1996; 6: 36—46. PMID: 8833167

6. Fernandez J, Blanca M, Soriano V, Sanchez J, Juarez C. Epidemiological study of the prevalence of
allergic reactions to Hymenoptera in a rural population in the Mediterranean area. Clin Exp Allergy
1999; 29: 1069-1074. PMID: 10457110

7. Settipane GA, Boyd GK. Prevalence of bee sting allergy in 4,992 boy scouts. Acta Allergol 1970; 25:
286-291. PMID: 5536234

8. Bilo BM, Rueff F, Mosbech H, Bonifazi F, Oude-Elberink JNG, EAACI Interest Group on Insect Venom
Hypersensitivity. Diagnosis of Hymenoptera venom allergy. Allergy 2005; 60: 1339—1349.

9. Golden DB, Marsh DG, Kagey-Sobotka A, Freidhoff L, Szklo M, Valentine MD, et al. Epidemiology of
insect venom sensitivity. JAMA 1989; 262: 240-244. PMID: 2739018

10. Herbert FA, Salkie ML. Sensitivity to hymenoptera in adult males. Ann Allergy 1982; 48: 12—13. PMID:
7055341

11. Moneret-Vautrin DA, Morisset M, Flabbee J, Beaudouin E, Kanny G. Epidemiology of life-threatening
and lethal anaphylaxis: a review. Allergy 2005; 60: 443—-451. PMID: 15727574

12. Weissenbacher S, Traidl-Hoffmann C, Eyerich K, Katzer K, Braeutigam M, Loeffler H, et al. Modulation
of atopy patch test and skin prick test by pretreatment with 1% pimecrolimus cream. Int Arch Allergy
Immunol 2006; 140: 239-244. PMID: 16691030

13. Kalthoff ES, Chung J, Musser P, Stuetz A. Pimecrolimus does not affect the differentiation, maturation
and function of human monocyte-derived dendritic cells, in contrast to corticosteroids. Clin Exp Immu-
nol 2003; 133: 350-359. PMID: 12930360

14. MaZ, Tovar JP, Kwong KY, Paek D. Pimecrolimus induces apoptosis of mast cells in a murine model
of cutaneous mastocytosis. Int Arch Allergy Immunol 2010; 153: 413-418. doi: 10.1159/000316353
PMID: 20559008

PLOS ONE | DOI:10.1371/journal.pone.0142953 November 12,2015 13/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0142953.s008
http://www.ncbi.nlm.nih.gov/pubmed/16083793
http://www.ncbi.nlm.nih.gov/pubmed/15080802
http://webarchive.nationalarchives.gov.uk/
http:/www.doh.gov.uk/prescriptionstatistics/index.htm
http://www.ncbi.nlm.nih.gov/pubmed/17521313
http://www.ncbi.nlm.nih.gov/pubmed/8833167
http://www.ncbi.nlm.nih.gov/pubmed/10457110
http://www.ncbi.nlm.nih.gov/pubmed/5536234
http://www.ncbi.nlm.nih.gov/pubmed/2739018
http://www.ncbi.nlm.nih.gov/pubmed/7055341
http://www.ncbi.nlm.nih.gov/pubmed/15727574
http://www.ncbi.nlm.nih.gov/pubmed/16691030
http://www.ncbi.nlm.nih.gov/pubmed/12930360
http://dx.doi.org/10.1159/000316353
http://www.ncbi.nlm.nih.gov/pubmed/20559008

@’PLOS ‘ ONE

Pimecrolimus as the Basophil Activation Inhibitor

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Grattan CE, O'Donnell BF, Francis DM, Niimi N, Barlow RJ, Seed PT, et al. Randomized double-blind
study of cyclosporin in chronic 'idiopathic’ urticaria. Br J Dermatol 2000; 143: 365-372. PMID:
10951147

Hultsch T, Muller KD, Meingassner JG, Grassberger M, Schopf RE, Knop J. Ascomycin macrolactam
derivative SDZ ASM 981 inhibits the release of granule-associated mediators and of newly synthesized
cytokines in RBL 2H3 mast cells in an immunophilin-dependent manner. Arch Dermatol Res 1998; 290:
501-507. PMID: 9808344

Grassberger M, Baumruker T, Enz A, Hiestand P, Hultsch T, Kalthoff F, et al. A novel anti-inflammatory
drug, SDZ ASM 981, for the treatment of skin diseases: in vitro pharmacology. Br J Dermatol 1999;
141:264-273. PMID: 10468798

Stuetz A, Grassberger M, Meingassner JG. Pimecrolimus (Elidel, SDZ ASM 981)—preclinical pharma-
cologic profile and skin selectivity. Semin Cutan Med Surg 2001; 20: 233-241. PMID: 11770910

Zuberbier T, Chong S-U, Grunow K, Guhl S, Welker P, Grassberger M, et al. The ascomycin macrolac-
tam pimecrolimus (Elidel, SDZ ASM 981) is a potent inhibitor of mediator release from human dermal
mast cells and peripheral blood basophils. J Allergy Clin Immunol 2001; 108: 275-280. PMID:
11496246

Wolanczyk-Medrala A, Barg W, Liebhart J, Panaszek B, Nadobna G, Litwa M, et al. Validation of basophil
CD164 upregulation for pollen allergy diagnosis. Arch Immunol Ther Exp (Warsz) 2010; 58: 459—465.

Knol EF, Mul RP, Jansen H, Calafat J, Roos D. Monitoring human basophil activation via CD63 mono-
clonal antibody 435. J Allergy Clin Immunol 1991; 88: 328—338. PMID: 1716273

Wolanczyk-Medrala A, Barg W, Medrala W. CD164 as a basophil activation marker. Curr Pharm Des
2011; 17: 3786-3796. PMID: 22103850

Hausmann OV, Gentinetta T, Fux M, Ducrest S, Pichler WJ, Dahinden CA. Robust expression of CCR3
as a single basophil selection marker in flow cytometry. Allergy 2011; 66: 85-91. doi: 10.1111/j.1398-
9995.2010.02431.x PMID: 20608915

Sturm GJ, Kranzelbinder B, Sturm EM, Heinemann A, Groselj-Strele A, Aberer W. The basophil activa-
tion test in the diagnosis of allergy: Technical issues and critical factors. Allergy 2009; 64: 1319—-1326.
doi: 10.1111/j.1398-9995.2009.02004.x PMID: 19243362

Sakai M, Miyake H, Tashiro S, Okumura Y, Kido H. Inhibitory effect of FK506 and cyclosporin A on the
growth and invasion of human liver cancer cells. J Med Invest 2004; 51: 63—-69. PMID: 15000258

Novartis Pharma GmbH. Elidel. Available: http://www.accessdata.fda.gov/drugsatfda_docs/label/2004/
21302s005Ibl.pdf. Accessed 7 April 2015.

Lerche CM, Philipsen PA, Poulsen T, Wulf HC. Topical pimecrolimus and tacrolimus do not accelerate
photocarcinogenesis in hairless mice after UVA or simulated solar radiation. Exp Dermatol 2009; 18:
246-251. doi: 10.1111/1.1600-0625.2008.00812.x PMID: 19183401

Doelker L, Tran C, Gkomouzas A, Grand D, Sorg O, Saurat JH, et al. Production and clearance of cyclo-
butane dipyrimidine dimers in UV-irradiated skin pretreated with 1% pimecrolimus or 0.1% triamcinolone
acetonide creams in normal and atopic patients. Exp Dermatol 2006; 15: 342—-346. PMID: 16630073

Arellano FM, Wentworth CE, Arana A, Fernandez C, Paul CF. Risk of lymphoma following exposure to
calcineurin inhibitors and topical steroids in patients with atopic dermatitis. J Invest Dermatol 2007;
127:808-816. PMID: 17096020

Luger T, Boguniewicz M, Carr W, Cork M, Deleuran M, Eichenfield L, et al. Pimecrolimus in atopic der-
matitis: Consensus on safety and the need to allow use in infants. Pediatr Allergy Immunol 2015; 26:
306-315. doi: 10.1111/pai.12331 PMID: 25557211

Compton SJ, Cairns JA, Holgate ST, Walls AF. The role of mast cell tryptase in regulating endothelial

cell proliferation, cytokine release, and adhesion molecule expression: tryptase induces expression of
mRNA for IL-1B3 and IL-8 and stimulates the selective release of IL-8 from human umbilical vein endo-
thelial cells. J Immunol 1998; 161: 1939-1946. PMID: 9712064

Monneret G. CCRS3 for basophil activation test: A necessary but insufficient step. Clin Exp Allergy 2010;
40: 953. doi: 10.1111/j.1365-2222.2010.03516.x PMID: 20557552

Chirumbolo S, Ortolani R, Vella A. CCRS3 as a single selection marker compared to CD123/HLADR to
isolate basophils in flow cytometry: some comments. Cytometry A 2011; 79: 102—106. doi: 10.1002/
cyto.a.21008 PMID: 21265004

Chirumbolo S. Basophil activation test in allergy: Time for an update? Int Arch Allergy Immunol 2012;
158: 99—-114. doi: 10.1159/000331312 PMID: 22269476

Hauswirth AW, Natter S, Ghannadan M, Majlesi Y, Schernthaner GH, Sperr WR, et al. Recombinant
allergens promote expression of CD203c on basophils in sensitized individuals. J Allergy Clin Immunol
2002; 110: 102—-109. PMID: 12110828

PLOS ONE | DOI:10.1371/journal.pone.0142953 November 12,2015 14/14


http://www.ncbi.nlm.nih.gov/pubmed/10951147
http://www.ncbi.nlm.nih.gov/pubmed/9808344
http://www.ncbi.nlm.nih.gov/pubmed/10468798
http://www.ncbi.nlm.nih.gov/pubmed/11770910
http://www.ncbi.nlm.nih.gov/pubmed/11496246
http://www.ncbi.nlm.nih.gov/pubmed/1716273
http://www.ncbi.nlm.nih.gov/pubmed/22103850
http://dx.doi.org/10.1111/j.1398-9995.2010.02431.x
http://dx.doi.org/10.1111/j.1398-9995.2010.02431.x
http://www.ncbi.nlm.nih.gov/pubmed/20608915
http://dx.doi.org/10.1111/j.1398-9995.2009.02004.x
http://www.ncbi.nlm.nih.gov/pubmed/19243362
http://www.ncbi.nlm.nih.gov/pubmed/15000258
http://www.accessdata.fda.gov/drugsatfda_docs/label/2004/21302s005lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2004/21302s005lbl.pdf
http://dx.doi.org/10.1111/j.1600-0625.2008.00812.x
http://www.ncbi.nlm.nih.gov/pubmed/19183401
http://www.ncbi.nlm.nih.gov/pubmed/16630073
http://www.ncbi.nlm.nih.gov/pubmed/17096020
http://dx.doi.org/10.1111/pai.12331
http://www.ncbi.nlm.nih.gov/pubmed/25557211
http://www.ncbi.nlm.nih.gov/pubmed/9712064
http://dx.doi.org/10.1111/j.1365-2222.2010.03516.x
http://www.ncbi.nlm.nih.gov/pubmed/20557552
http://dx.doi.org/10.1002/cyto.a.21008
http://dx.doi.org/10.1002/cyto.a.21008
http://www.ncbi.nlm.nih.gov/pubmed/21265004
http://dx.doi.org/10.1159/000331312
http://www.ncbi.nlm.nih.gov/pubmed/22269476
http://www.ncbi.nlm.nih.gov/pubmed/12110828

