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Abstract

Background: Dasatinib is a multikinase inhibitor active
against several tyrosine kinases including ABL, KIT, Lyn and
Btk. Apart from its known antileukemic activity, the drug
produces several side effects including edemas and pleural
effusions, which are supposedly triggered by activated im-
mune cells. Effusion formation can be treated effectively by
glucocorticosteroids. We have recently shown that low con-
centrations of dasatinib (<0.1 M) promote IgE-dependent
secretion of histamine in basophils, especially in allergic in-
dividuals. In the current study, we asked whether glucocor-
ticosteroids inhibit dasatinib-induced activation of baso-
phils. Methods: Basophils were preincubated with dexa-
methasone, prednisolone and hydrocortisone for 24 h, and
were then exposed to an anti-IgE antibody (normal baso-
phils) or the allergens Bet v 1 and Phl p 5 (allergic patients)
with or without low concentrations of dasatinib (0.025 uMm).
After incubation, basophils were examined for histamine re-
lease and expression of CD63 and CD203c. Results: All three
glucocorticosteroids were found to counteract IgE-depen-

dent and dasatinib-enhanced histamine release in basophils
in nonallergic and allergic individuals. In addition, glucocor-
ticosteroids were found to inhibit anti-IgE-induced upreg-
ulation of CD63 and CD203c in the presence or absence
of dasatinib. The inhibitory effects of glucocorticosteroids
were dose-dependent (effective range: 1-10 M) and seen in
all donors examined. Conclusions: Glucocorticosteroids res-
cue IgE receptor cross-linked basophils from additional co-
stimulatory effects of low-dose dasatinib which may have
clinical implications in dasatinib-treated patients.

Copyright © 2012 S. Karger AG, Basel

Introduction

Dasatinib is a novel small molecule-type drug that in-
hibits a number of tyrosine kinases including PDGFR,
KIT, BCR/ABL, Lyn, and Btk [1-4]. Based on its strong
effect on BCR/ABL, dasatinib has been used to treat pa-
tients with imatinib-resistant chronic myeloid leukemia
(CML) [5]. Moreover, dasatinib inhibits the growth of
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neoplastic mast cells harboring imatinib-resistant mu-
tants of KIT [6-8]. However, a number of clinical trials
have shown that dasatinib also produces several side ef-
fects, including cytopenia and pleural as well as pericar-
dial effusions [5, 9-11]. Pleural effusions are especially
seen quite frequently in dasatinib-treated patients with
CML [10, 11], but are not seen in patients treated with
other BCR/ABL kinase inhibitors. Although various ki-
nase and nonkinase targets of dasatinib [12, 13] have been
implicated in dasatinib-related effusion formation, the
exact mechanisms underlying this drug side effect re-
main at present unknown. The observation that gluco-
corticosteroids can counteract the formation of pleural
effusions in dasatinib-treated patients [9-11, 14] suggests
that the activation of immune cells may be a pathogenet-
ic factor. We have recently shown that low concentrations
of dasatinib (<0.1 wM) promote IgE-mediated secretion
of histamine from human basophils, especially in allergic
individuals, whereas higher doses of dasatinib even block
histamine secretion [15]. We examined the effects of
three glucocorticosteroids on basophils exposed to aller-
gen or anti-IgE antibody and low concentrations of dasa-
tinib. The results of our study show that glucocorticoste-
roids effectively counteract low-dose dasatinib-induced
enhancement of IgE-mediated histamine release in hu-
man basophils.

Methods

Monoclonal Antibodies and Other Reagents

The anti-IgE monoclonal antibody (mAb) E124.2.8 (De2), the
FITC-labeled mAb CLB-granl12 (CD63), and the PE-conjugated
mAb 97A6 (CD203c) were purchased from Immunotech (Mar-
seille, France). Dasatinib was kindly provided by Dr. EY. Lee
(Bristol-Myers Squibb, New Brunswick, N.J., USA). The tyrosine
kinase inhibitors (TKIs) imatinib and nilotinib were kindly pro-
vided by Dr. E. Buchdunger and Dr. PW. Manley (Novartis Phar-
ma AG, Basel, Switzerland). INNO-406 was purchased from Sel-
leck Chemicals (Riverside, Calif., USA). Stock solutions of TKIs
and glucocorticosteroids were prepared by dissolving in dimeth-
yl sulfoxide (DMSO; Merck, Darmstadt, Germany). Recombi-
nant interleukin-3 (IL-3) was from Novartis, dexamethasone,
prednisolone and hydrocortisone from Sigma-Aldrich (St. Louis,
Mo., USA), and RPMI 1640 medium and fetal calf serum from
PAA Laboratories (Pasching, Austria). The recombinant aller-
gens rBet v 1 and rPhl p 5 were obtained from Biomay (Vienna,
Austria).

Enrichment of Human Blood Basophils

Peripheral blood was obtained from 12 healthy individuals
and 8 patients allergic to Bet v 1 and/or Phl p 5 [16]. Informed
consent was obtained in each case. The study was approved by the
institutional review board (Medical University of Vienna) and
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conducted in accordance with the declaration of Helsinki. Periph-
eral blood was collected in heparin-containing tubes. Basophils
were enriched by dextran sedimentation (histamine release ex-
periments) or were recovered together with mononuclear cells
(MNCs) after centrifugation over Ficoll (surface staining experi-
ments). The percentage of basophils in dextran preparations
ranged from 0.1 to 1.5%, and the percentage of basophils in MNC
preparations ranged from 0.3 to 2%. Cell viability was always
>90% as assessed by the trypan blue exclusion test.

Histamine Release Assay

The histamine release assay was performed on dextran-en-
riched basophils (healthy donors, n = 10; allergic donors, n = 8)
essentially as described [15, 17]. Before challenged with TKIs and
anti-IgE, cells were preincubated in control medium or in medi-
um containing dexamethasone, prednisolone or hydrocortisone
(0.001-10 M) at 37°C for 24 h following published protocols [18,
19]. After incubation, cells (3 X 10°/ml) were incubated in me-
dium in the presence or absence of TKIs (dasatinib, imatinib,
nilotinib, INNO-406, each 0.025 or 1 wM) for 30 min at 37°C,
washed and thereafter incubated with various concentrations of
anti-IgE antibody E124.2.8 (0.001-10 wg/ml) or allergen (0.001-
1 wg/ml) in histamine release buffer at 37°C for another 30 min.
Cells were then centrifuged at 4°C, and the cell-free supernatants
and total suspensions recovered and analyzed for histamine con-
tent by radioimmunoassay (RIA, Immunotech). Histamine re-
lease was calculated as the percent of total (cellular + extracel-
lular) histamine. In a separate set of experiments, various con-
centrations of TKIs (0.001-1 M) were applied to establish
dose-response relationships. In these experiments, cells were ex-
posed to one concentration of anti-IgE (1 pg/ml) or allergen (0.1
pg/ml) to induce histamine liberation. Histamine release was ex-
pressed as a percentage of total histamine. All experiments were
performed in triplicate.

Antibody Staining and Flow Cytometry

To examine the effects of anti-IgE, allergens or drugs on the
expression of activation-linked cell surface antigens on basophils,
flow cytometry experiments were performed. MNCs were prein-
cubated with RPMI 1640 medium plus 0.5 ng/ml IL-3 in the ab-
sence or presence of glucocorticosteroids (dexamethasone, hy-
drocortisone and prednisolone, each 10 M) at 37°C for 24 h. Loss
of viability (and apoptosis) of basophils during incubation with
glucocorticosteroids was excluded by morphology, trypan blue
exclusion and staining for active caspase 3 (not shown). Cells were
incubated with dasatinib (0.001-1 wM) for 15 min at 37°C, washed
and then incubated with anti-IgE mAb E124.2.8 (1 ng/ml) at
37°C for 15 min. Cells were then washed in phosphate-buffered
saline supplemented with EDTA (20 mM) and stained with the
PE-labeled CD203c mAb 97A6 and the FITC-labeled CD63 mAb
CLB-granl2 as reported [15]. The expression of cell surface
antigens was quantified by multicolor flow cytometry on a
FACScan or FACSCalibur (Becton Dickinson Biosciences, San
Jose, Calif., USA) [15, 20]. Basophils were identified as CD203c-
positive cells. Anti-IgE-induced upregulation of CD63 or CD203¢
on basophils was calculated from mean fluorescence intensities
(MFI) obtained with stimulated (MFI;,,) and unstimulated
(MFIeontror) cells, and was expressed as a stimulation index (SI)
calculated as MFIg;, : MFI qni01 [20].
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Fig. 1. Effects of tyrosine kinase inhibitors \ Dasatinib (um) \ Imatinib ()
on IgE-dependent histamine release in ba- a Anti-IgE (1 ug/ml) b Anti-IgE (1 ug/ml)
sophils. Dextran-enriched basophils from
healthy individuals were exposed to vari-
ous concentrations of dasatinib (a), ima- 3 359 3 100 7
tinib (b), nilotinib (c), and INNO-406 (d) g 307 ¢ 80
at 37°C for 30 min. Then, cells were stimu- 3 5(5): 3 60
lated with anti-IgE (1 wg/ml) in histamine 5 15 f b
release buffer for another 30 min. Hista- £ 104 £ 407
mine was quantified in cell lysates and su- S 5 £ 204
pernatants by RIA. Histamine release is T o4 T o
expressed as the percentage of total hista- eSS N MO
mine. Results represent the mean * SD e e © ©
from triplicates in 1 representative donor. \ Nilotinib (W) \ INNO-406 ()
Almost identical results were obtained in c Anti-IgE (1 pg/ml) d Anti-IgE (1 pg/ml)
2 other donors.

Statistical Evaluation of Data

To determine the significance of differences in histamine se-
cretion and surface antigen expression in basophils after preincu-
bation with glucocorticosteroids, dasatinib, anti-IgE or control
medium, standard statistical tests including Student’s t test were
applied. Results were considered significantly different when the
p value was <0.05.

Results

Low Concentrations of Dasatinib Promote

IgE-Dependent Histamine Release in Human Blood

Basophils

Confirming previous results [15], low concentrations
of dasatinib were found to promote allergen-induced his-
tamine release and anti-IgE-induced histamine release
from human blood basophils (fig. 1a). By contrast, at
higher concentrations (>0.1 wM), dasatinib suppressed
IgE-dependent secretion of histamine (fig. 1a). The other
TKIs tested, namely imatinib, nilotinib and INNO-406,
did not promote IgE-mediated histamine secretion in ba-
sophils at low or high concentrations (fig. 1b—d). Neither
dasatinib nor the other TKIs tested (0.001-1.0 M) were
found to induce histamine release in basophils in the ab-
sence of anti-IgE (not shown).

Corticoids Rescue Basophils from
Dasatinib Effects

Glucocorticosteroids Counteract Dasatinib-Induced

Enhancement of IgE-Mediated Histamine Release in

Blood Basophils

A number of previous studies have shown that gluco-
corticosteroids inhibit IgE-dependent secretion of hista-
mine in human basophils [18, 19]. In the present study,
we were able to confirm these observations using dexa-
methasone, hydrocortisone and prednisolone, as well as
basophils obtained from normal donors or patients aller-
gic to Bet v 1 or Phl p 5 (fig. 2). In addition, we were able
to show that all 3 glucocorticosteroids tested also coun-
teract histamine secretion from basophils preincubated
with low concentrations of dasatinib (0.025 wM) and then
triggered with anti-IgE or allergen (fig. 2a, b). Glucocor-
ticosteroid effects on histamine secretion in anti-IgE- or
allergen-exposed basophils and in dasatinib-preincubat-
ed basophils challenged with anti-IgE or allergen were
dose dependent (fig. 3a) and observed at all dasatinib
concentrations tested (fig. 3b). The solvent control
(DMSO, 1:1,000) did not modulate histamine release in
basophils (not shown).
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Fig. 2. Glucocorticosteroids inhibit IgE-dependent histamine re-
lease in dasatinib-exposed basophils. a Dextran-enriched baso-
phils obtained from healthy donors were preincubated in control
medium with DMSO (1:1,000) or medium containing glucocorti-
coids for 24 h. Thereafter, cells were incubated in control medium
or medium containing dasatinib (0.025 M) at 37°C for 30 min.
Then, cells were incubated with 1 wg/ml anti-IgE. Histamine was
quantified in cell lysates and supernatants by RIA. In the left pan-
el, histamine release is expressed as the percentage of total hista-
mine and results represent the mean * SD from triplicates in 1
donor. In the right panel, results are expressed as the percentage
of anti-IgE-induced release in each donor (= 100%) and represent
the mean * SD of 7 donors. b Dextran-enriched basophils ob-

Glucocorticosteroids Counteract IgE-Dependent

Upregulation of the Expression of CD63 and CD203c¢

in Blood Basophils in the Presence or Absence of

Dasatinib

CD63 and CD203c are well established activation an-
tigens expressed on basophils. Notably, exposure to anti-
IgE or allergen is followed by an increased expression of
CD63 and CD203c [20-22]. In this study, we confirmed
that low concentrations of dasatinib enhanced the anti-
IgE- or allergen-induced upregulation of the expression
of CD63 and CD203c on basophils (fig. 4). In addition, we
were able to show that dexamethasone, hydrocortisone
and prednisolone inhibit the anti-IgE-induced or aller-
gen-induced upregulation of CD63 and CD203c on baso-
phils in the presence or absence of low concentrations of
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tained from patients allergic to Phl p 5 (left panel) or Bet v 1 (mid-
dle panel) were preincubated in control medium (with DMSO) or
glucocorticoids for 24 h. Thereafter, cells were incubated in con-
trol medium or medium containing dasatinib (0.025 pMm) at 37°C
for 30 min. Then, cells were incubated with or without recombi-
nant Phl p 5 (0.1 pg/ml) or Bet v 1 (0.1 pg/ml) for 30 min. In the
left and middle panel, histamine release is expressed as the per-
centage of total histamine and results represent the mean = SD
from triplicates in 2 representative donors. In the right panel, re-
sults are expressed as the percentage of allergen-induced release
in each donor (= 100%) and represent the mean * SD of 3 donors.
*p < 0.05. DX = Dexamethasone; HC = hydrocortisone; PD =
prednisolone.

dasatinib (0.025 wM; fig. 4). However, even at high con-
centrations, the effects of the glucocorticosteroids on the
upregulation of CD63 and CD203c were less pronounced
when compared to the effects on IgE-dependent hista-
mine release.

Discussion

Dasatinib is a multikinase inhibitor used to treat pa-
tients with imatinib-resistant or intolerant CML [1, 5]. At
high concentrations, this BCR/ABL kinase blocker exhib-
its anti-inflammatory and immunosuppressive effects.
Drug side effects include edema formation and pleural as
well as pericardial effusions, which are specific for this

Herrmann/Blatt/Ghanim/Kneidinger/
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Fig. 3. Dose-dependent effects of dasatinib and dexamethasone
on basophil histamine release. a Dextran-enriched normal baso-
phils were preincubated in control medium or in medium con-
taining various concentrations of dexamethasone for 24 h. There-
after, cells were incubated in the absence or presence of dasatinib
(0.025 wM) at 37°C for 30 min, and were then exposed to anti-IgE
(1 wg/ml) in histamine release buffer for 30 min. Total and re-
leased histamine was quantified by RIA. Histamine release is ex-
pressed as the percentage of total histamine and represents the
mean * SD of triplicates in one representative experiment.

BCR/ABL kinase inhibitor [5, 9, 11]. In most patients, ef-
fusion formation can be kept under control using diuret-
ics and short-term glucocorticosteroids [5, 9, 10]. The ex-
act mechanism of action of glucocorticosteroids in these
patients remains unknown. We have recently shown that
dasatinib, atlow concentrations, can promote IgE-depen-
dent secretion of histamine in basophils [15]. We here
show that glucocorticosteroids counteract activation and
histamine release in IgE receptor cross-linked basophils
even when cells were exposed to low concentrations of
dasatinib.

A number of previous studies have shown that gluco-
corticosteroids inhibit IgE-dependent histamine release
in human basophils [18, 19]. Since it has been described
that basophils need to be incubated with glucocorticoste-
roids for 24 h to suppress histamine release [18, 19], there-
by contrasting the rapid suppression of interleukin-4 re-
lease [23], we selected a 24-hour incubation period in our
experiments. In these experiments, we were able to con-
firm this drug effect and show that even in basophils ex-
posed to low concentrations of dasatinib, glucocortico-
steroids can counteract IgE-dependent histamine release.
In most allergic donors, glucocorticosteroids exhibited a
strong effect with almost complete inhibition of hista-

Corticoids Rescue Basophils from
Dasatinib Effects

b Dextran-enriched basophils from 3 healthy donors were prein-
cubated in control medium or in medium containing dexametha-
sone (1 wM) for 24 h. Thereafter, cells were incubated with or with-
out various concentrations of dasatinib (as indicated) for 30 min.
Then, cells were incubated with anti-IgE (1 pg/ml) in histamine
release buffer for another 30 min. Released histamine was ex-
pressed as the percentage of histamine released after anti-IgE
stimulation (control + anti-IgE). Results show the mean * SD of
3 donors. * p < 0.05 compared to the control (at the same concen-
tration of dasatinib).

mine secretion. However, in a few donors, glucocortico-
steroids were unable to completely block histamine secre-
tion in basophils exposed to anti-IgE or allergen in the
presence of low concentrations of dasatinib. These data
suggest that dasatinib-mediated activation of blood baso-
phils may sometimes involve glucocorticosteroid-inde-
pendent mechanisms and targets.

A number of previous studies suggest that IgE receptor
cross-linking on basophils is accompanied by upregula-
tion of various cell surface antigens, including CD63 and
CD203c [15, 20-22]. However, to date little is known
about mechanisms underlying the upregulation of such
activation antigens following IgE receptor cross-linking,
or about the effects of various anti-inflammatory drugs.
We have recently shown that high concentrations of
dasatinib (1 wM) block IgE-dependent upregulation of
CD63 and CD203c [15]. In the present study, we have
shown that low concentrations of dasatinib promote IgE-
dependent upregulation of CD63 and CD203c on baso-
phils. In addition, we were able to show that the three
glucocorticosteroids applied counteract the upregulation
of CD63, and, less effectively, the upregulation of CD203¢
on IgE receptor cross-linked basophils in the absence or
presence of low concentrations of dasatinib. An interest-
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ing observation was that higher concentrations of gluco-
corticosteroids were required to suppress anti-IgE-in-
duced or anti-IgE plus dasatinib-induced upregulation of
CD63 on basophils when compared to the glucocorticoid
concentrations required to suppress histamine release.
This observation points to the fact that IgE receptor-de-
pendent histamine release and IgE receptor-dependent
upregulation of CD63 are based on two different mecha-
nisms, which confirms recently published results [24].
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The mechanism and biochemical basis of dasatinib-
induced enhancement of histamine release in IgE recep-
tor cross-linked basophils remain at present unknown.
One possibility may be that some of the dasatinib targets
counteract IgE-dependent reactions in basophils. One
candidate for an inhibitory signaling molecule might be
Lyn, a signal transduction molecule that binds to dasa-
tinib [15] and has been implicated as a dual regulator of
secretory responses in basophils and mast cells [25, 26].

Herrmann/Blatt/Ghanim/Kneidinger/
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Notably, depending on the cell type and culture condi-
tion, Lyn has been discussed as an enhancer or blocker of
histamine release [25, 26]. In addition, it has been de-
scribed that other Src inhibitors, such as PP1 and PP2,
also enhance IgE-mediated histamine secretion in baso-
phils in a small window of concentrations lower than
those that inhibited IgE-dependent histamine release
from basophils [27].

To test the hypothesis that Lyn may be a relevant target
responsible for the dasatinib-induced upregulation of
histamine release in basophils, we applied a second Lyn
inhibitor, INNO-406 [28]. However, under the experi-
mental conditions applied, INNO-406 did not promote
histamine secretion and the same was found with the
other TKIs tested. These data suggest that other dasatinib
targets apart from Lyn are responsible for the enhance-
ment of histamine release. Notably, it has been described
that dasatinib is able to bind to a large number of kinase
and nonkinase targets in CML cells and basophils [12, 13,
15].

The pathogenesis of effusion formation, especially
pleural effusions, in patients receiving dasatinib remains
uncertain. The frequency of effusion formation may be
lower when the drug is administered at 100 mg once dai-
ly compared to 70 mg twice daily [29], although effusion
formation may still occur [30]. Other studies have sug-
gested that activated immune cells contribute to effusion
formation occurring in dasatinib-treated patients [31].
The exact type of immune cells and mechanisms involved
remain unknown. An attractive hypothesis would be that
basophils and mast cells contribute to effusion formation
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through the release of histamine and other vasoactive
mediators, especially when cells are (pre)activated by an
allergen or other stimuli. Indeed, several of these patients
may develop pleural effusions during or shortly after
an inflammatory (e.g. respiratory infection) or allergic
event. Whereas diuretics alone show only limited effects
on pleural effusions in these patients, it has been de-
scribed that administration of glucocorticosteroids usu-
allyleads to a rapid improvement in most of these patients
(10, 14]. Another question is whether such low concentra-
tions of dasatinib that caused the upregulation of IgE-
dependent mediator release are expected to occur in vivo.
Since dasatinib has a very short half-life (less than 3 h) in
vivo [32], one can indeed expect that dasatinib levels in
biological fluids are below 0.1 nM for most of the daytime
in these patients.

In summary, our data show that glucocorticosteroids
effectively counteract basophil activation provoked by
IgE receptor cross-linking in the presence of dasatinib.
This observation may have clinical implications and may
explain why glucocorticosteroids are beneficial in pa-
tients who develop pleural effusions during dasatinib
treatment.
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