Original Paper

International Archives of

ergy...
Immunology

Int Arch Allergy Immunol 2010;151:38-45
DOI: 10.1159/000232569

Received: December 20, 2008
Accepted after revision: March 25, 2009
Published online: August 6, 2009

Rupatadine Inhibits Proinflammatory

Mediator Secretion from Human Mast
Cells Triggered by Different Stimuli

Magdalini Vasiadi® €
Anthony Clemons?

Dimitris Kalogeromitros®

@Molecular Immunopharmacology and Drug Discovery Laboratory, Department of Pharmacology and
Experimental Therapeutics, and Departments of PObstetrics and Gynecology, “Internal Medicine and
dBiochemistry, Tufts University School of Medicine and Tufts Medical Center, Boston, Mass., USA; ¢Allergy Clinical
Research Center, Allergy Section, General Hospital Attikon, Athens University Medical School, Athens, Greece

Key Words
Cytokines - Inflammation - Mast cells - Rupatadine -
Urticaria

Abstract

Background: Mast cells are involved in allergy and inflam-
mation by secreting multiple mediators including histamine,
cytokines and platelet-activating factor. Certain histamine 1
receptor antagonists have been reported to inhibit hista-
mine secretion, but the effect on cytokine release from hu-
man mast cells triggered by allergic and other stimuli is not
well known. We investigated the ability of rupatadine, a po-
tent histamine 1 receptor antagonist that also blocks plate-
let-activating factor actions, to also inhibit mast cell media-
tor release. Methods: Rupatadine (1-50 M) was used before
stimulation by: (1) interleukin (IL)-1 to induce IL-6 from hu-
man leukemic mast cells (HMC-1 cells), (2) substance P for
histamine, IL-8 and vascular endothelial growth factor re-
lease from LAD2 cells, and (3) IgE/anti-IgE for cytokine re-
lease from human cord blood-derived cultured mast cells.
Mediators were measured in the supernatant fluid by ELISA
or by Milliplex microbead arrays. Results: Rupatadine (10-50
M) inhibited IL-6 release (80% at 50 M) from HMC-1 cells,

Duraisamy Kempuraj?
Bodi Zhang?® Caterina Chliva®
Adam Wolfberg® Michael House® Theoharis C. Theoharides® <€

© Free Author
Copy — for per
sonal use only

ANY DISTRIBUTION OF THIS
ARTICLE WITHOUT WRITTEN
CONSENT FROM S. KARGER
AG, BASEL IS A VIOLATION
OF THE COPYRIGHT.

Written permission fo distrib-
ute the PDF will be granted
against payment of a per-
mission fee, which is based
on the number of accesses
required. Please contact
permission@karger.ch

Michael Makris®

whether added 10 min or 24 h prior to stimulation. Rupata-
dine (10-50 pM for 10 min) inhibited IL-8 (80%), vascular en-
dothelial growth factor (73%) and histamine (88%) release
from LAD2 cells, as well as IL-6, IL-8, IL-10, IL-13 and tumor ne-
crosis factor release from human cord blood-derived cul-
tured mast cells. Conclusion: Rupatadine can inhibit hista-
mine and cytokine secretion from human mast cells in
response to allergic, immune and neuropeptide triggers.
These actions endow rupatadine with unique properties in
treating allergic inflammation, especially perennial rhinitis
and idiopathic urticaria. Copyright © 2009 S. Karger AG, Basel

Introduction

Mast cells are important effector cells in IgE-mediated
allergic reactions, but also in immunity [1, 2] and inflam-
matory processes [3] due to their ability to secrete numer-
ous vasoactive molecules and cytokines in response to a
variety of stimuli. For instance, mast cells can secrete his-
tamine, interleukin (IL)-6, IL-8, platelet-activating factor
(PAF), tumor necrosis factor (TNF), tryptase and vascu-
lar endothelial growth factor (VEGF) [4]. IL-6 partici-
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pates in inflammation and acute-phase reactions [5],
while IL-8 is a potent neutrophil chemotactic molecule
[6], and VEGF also has vasodilatory actions [7]. In view
of such findings, mast cells are now recognized to have a
more critical role in diseases that may also involve in-
flammation, such as in asthma [8], but also in skin dis-
eases [9].

Certain histamine 1 (H;) receptor antagonists have
been reported to have variable antiallergic effects [10, 11].
Rupatadine is a newer H; receptor antagonist [12, 13]
with the ability to also inhibit actions of PAF [14, 15]. Ru-
patadine appears to be more potent than other antihista-
mines in the treatment of allergic rhinitis [16, 17] and
chronic idiopathic urticaria [18-20]. We hypothesized
that this apparent superior action might be due to, in ad-
dition to blocking PAF actions, the ability of rupatadine
to inhibit the release of proinflammatory cytokines from
mast cells.

Therefore, we examined the effect of rupatadine on
human mast cell activation by 3 different triggers: (1) IL-
1, which stimulates the release of IL-6 from human leu-
kemic mast cells (HMC-1), (2) substance P (SP), which
stimulates LAD2 human mast cells, to release histamine
and cytokines, and (3) IgE/anti-IgE, which stimulates hu-
man umbilical cultured cord blood-derived mast cells
(hCBMCs) to release histamine, I1L-6, IL-8, IL-10, IL-13,
TNF and VEGE. The present results indicate that rupata-
dine inhibits human mast cell activation by allergic and
nonallergic triggers, effects that may explain its potent
actions in rhinitis and chronic idiopathic urticaria.

Materials and Methods

Rupatadine was provided by Uriach, Inc., Barcelona, Spain.
Rupatadine concentrations (1, 5, 10, 25 and 50 M) were prepared
from stock (107> M) made as follows: 5.3 mg of rupatadine was di-
luted with 0.1 N HCI (5 drops) and 8 ml of distilled water; pH was
adjusted to 5.0-5.5 with NaOH and the volume was adjusted to 10
ml. This stock solution was aliquoted and stored at -80°C. Work-
ing dilutions were prepared in distilled water immediately before
use.

Mast Cell Culture

HMC-1 [21] and LAD2 [22] cells were cultured for 5 and 14
days, respectively, as previously reported. Human umbilical cord
blood was collected at Tufts Medical Center, Boston, Mass., USA,
as approved by the Medical Center Human Investigation Review
Board. Cord blood was diluted with Dulbecco’s phosphate-buff-
ered saline (DPBS) from Gibco BRL (Life Technologies, Grand
Island, N.Y., USA) containing 2 mM ethylenediaminetetraacetic
acid (Sigma). Mononuclear cells were separated using Lympho-
cyte Separation Medium from Organon Teknika Corp., Durham,
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N.C., USA. CD34+ cells were isolated by positive selection of
CD34+/AC133+ cells by magnetic associated cell sorting using an
AC133+ cell isolation kit (Milltenyi Biotec, Auburn, Calif., USA),
as reported previously [23]. CD34+ cells were cultured in Iscove’s
Modified Dulbecco’s Medium (Gibco BRL) containing 100 ng/ml
recombinant human stem cell factor, 50 ng/ml IL-6 (Chemicon
International, Inc., Temecula, Calif., USA), 5% fetal bovine serum
(Biowhittaker, Walkesville, Md., USA), 5 X 107> M 2-mercapto-
ethanol, and 1% penicillin-streptomycin (Gibco BRL) for 4 weeks
except during the last week for the Milliplex microbead assays;
they were then cultured another 4 weeks in the same medium to
which IL-4 (20 ng/ml; Chemicon International, Inc.) was added
to increase maturation. During this culture period, the cells were
washed with DPBS every week and resuspended using fresh com-
plete culture medium. The purity of hCBMCs was evaluated by
immunocytochemical staining for tryptase as previously de-
scribed [23], and mast cell viability was determined by trypan
blue (0.3%) exclusion; hCBMCs cultured for over 8 weeks were
used in these experiments.

HMC-1 and LAD?2 Cell Stimulation

HMC-1 cells (10° cells/condition) were preincubated with ru-
patadine for 10 min at the concentrations indicated, before stim-
ulation with IL-1 (100 ng/ml) for 6 h at 37°C in 95%/5% CO, at-
mosphere, as most cytokines are synthesized de novo [24]. For the
time course experiments, rupatadine was added first at the doses
and times indicated, and the cells were incubated until they were
stimulated by the specific trigger. LAD2 cells (10° cells/condition
for IL-8 assay, 5 X 10* cells/condition for VEGF assay, 3 x 10*
cells/condition for histamine assay) were preincubated with rupa-
tadine for 10 min at the concentrations indicated, before stimula-
tion with SP (1 wM) for 24 h for IL-8 and VEGF release, and for 20
min for histamine release in human Tyrode’s buffer at 37°Cin a
shaking water bath. Control cells were treated with the same vol-
ume of culture medium/Tyrode’s buffer. IL-6, IL-8 and VEGF
were measured in the supernatant fluid by ELISA (Quantikine,
R&D Systems, Minneapolis, Minn., USA). Histamine levels in the
supernatant fluid and pellet were measured fluorometrically us-
ing an LS-50B Luminescence Spectrometer (Perkin Elmer, Nor-
walk, Conn., USA) as reported previously [25]. Histamine release
was expressed as percentage of the total cellular histamine con-
tent = [(histamine in supernatant)/(histamine in supernatant +
histamine in pellet)] X 100.

Sensitization and Stimulation of hCBMCs

hCBMCs were washed with DPBS and plain culture medium
once in each and resuspended in serum-free complete culture me-
dium. Cells (10° cells/ml) were then incubated with human my-
eloma-IgE (2 pg/ml; Chemicon International, Inc.) at 37°C for
48 h in 24-well Falcon cell culture plates (Becton Dickinson,
Franklin Lakes, N.J., USA). These sensitized hCBMCs (1.8 X 10°
cells/condition) were incubated with rupatadine for 10 min at the
concentrations indicated, before stimulation with anti-human
IgE (10 wg/ml) for 24 h; supernatant fluid was then collected and
analyzed for several mediators using Milliplex microbead arrays
(Millipore, Billerica, Mass., USA).

HMC-1 and LAD2 cells do not respond to stimulation by IgE/
anti-IgE while LAD2 cells do not produce IL-6; hence, IL-1 stim-
ulation was used only with HMC-1 cells.

Int Arch Allergy Immunol 2010;151:38-45 39
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Fig. 1. Dose response of the inhibitory effect of rupatadine on IL-
6 release from HMC-1 cells. HMC-1 cells were preincubated with
rupatadine (Rup) for 10 min at 1, 5, 10, 25 and 50 M and stimu-
lated with IL-1 (100 ng/ml, for 6 h). Control mast cells were treat-
ed with culture medium only for 6 h. After the incubation period,
the supernatant solution was collected and IL-6 was assayed by
ELISA. Results were analyzed using the unpaired equal, 2-tailed,
Student’s t test (n = 11). Spontaneous release was below the level
of detection. * p<0.05, significance of comparisons between con-
ditions and samples treated with the trigger alone, as shown by
the corresponding brackets.

Statistics

Cytokine results are presented as actual amounts released
since most cytokines are de novo synthesized and are not stored
in the granules; in contrast, histamine results are presented as
percent net release, since histamine is stored in the granules and
can be measured in the cell pellet. Results from all samples testing
inhibition were individually compared with the corresponding
stimulated samples using the Student’s t test, as indicated in the
legends, except for human results that were compared using the
nonparametric Mann-Whitney U test. Data are represented as the
mean £ SD. The level of statistical significance was set at p <
0.05.

Results

Effect of Rupatadine on IL-1 Stimulation of HMC-1

Cells

We had previously shown that IL-1 can stimulate
HMC-1 cells to release only IL-6. Therefore, we tested the
effect of rupatadine on IL-1 stimulation of HMC-1 cells.

40 Int Arch Allergy Immunol 2010;151:38-45

Fig. 2. Time course of the inhibitory effect of rupatadine on IL-6
release from HMC-1 cells. HMC-1 cells were preincubated with
rupatadine (RUP) at 10 and 25 pM for 10 min, 1, 6, 12 and 24 h
and stimulated with IL-1 (at 100 ng/ml, for 6 h). Control mast cells
were treated with culture medium only for 6 h. After the incuba-
tion period, the supernatant solution was collected and IL-6 was
assayed by ELISA. Results were analyzed using the paired equal,
2-tailed, Student’s t test (n = 3). * p < 0.05, significance of com-
parisons between the results of the same concentration at differ-
ent times of preincubation and 10 min of preincubation, as shown
by the corresponding brackets.

Rupatadine at 1, 5, 10, 25 and 50 M added 10 min prior
to IL-1 reduced IL-6 release from HMC-1 cells by 8, 20,
22,54 and 77%, respectively (fig. 1). A preincubation time
course showed that there was no difference whether ru-
patadine (10 M) was added 10 min or 24 h prior to stim-
ulation, but there was better inhibition when 25 M was
used for 60 min prior to stimulation (fig. 2). Spontaneous
release and loss of cell viability were negligible at these
rupatadine concentrations.

Effect of Rupatadine on SP Stimulation of LAD2 Cells

We then investigated the effect of rupatadine on LAD2
cells stimulated by SP. Rupatadine at 10, 25 and 50 uM
added 10 min prior to SP (10 M) inhibited IL-8 release
from LAD2 cells by 40, 48 and 80%, respectively (fig. 3).
We also compared the effect of rupatadine added togeth-
er with or 10 and 60 min prior to SP. Rupatadine inhib-
ited IL-8 release by 50% at 50 wM even when added to-
gether with SP (fig. 4). Although adding rupatadine 10

Vasiadi et al.
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Fig. 3. Dose response of the inhibitory effect of rupatadine on IL-
8 release from LAD2 cells. LAD2 cells were preincubated with
rupatadine (Rup) at 10 (n = 4), 25 (n = 15) and 50 pM (n = 9) for
10 min and were subsequently stimulated with SP (10 wMm) for
24 h. Spontaneous release was below the level of detection. Re-
sults were analyzed using the unpaired equal, 2-tailed, Student’s
t test (for the comparison between SP and 10 or 25 wM rupatadine
+ SP, for each time of preincubation) and the unpaired unequal,
2-tailed, Student’s t test for the rest. * p < 0.05, significance of
comparisons between conditions and samples treated with the
trigger alone, as shown by the corresponding brackets.

min prior to the trigger further reduced IL-8 release at all
concentrations tested (fig. 4), there was no difference be-
tween 10- or 60-min preincubation.

Rupatadine at 5, 10 and 50 M for 10 min prior to SP
inhibited VEGF release by 18, 32 and 73%, respectively
(fig. 5); histamine release was inhibited by 7, 13 and 88%,
respectively (fig. 6).

Effect of Rupatadine on IgE/Anti-IgE Stimulation of

hCBMCs

We then investigated the effect of rupatadine on stim-
ulation of hCBMCs by IgE/anti-IgE. Rupatadine at 10 and
25 wM was added 10 min prior to stimulation with anti-
IgE (10 pg/ml). Supernatant fluid was collected and ana-
lyzed for histamine fluorometrically, as well as for 37
molecules [IL-1a, IL-1B, IL-1ra, IL-2, IL-3, IL-4, IL-5, IL-
6,1L-7,1L-8,IL-9,1L-10, IL-12p40, IL-12p70, IL-13, IL-15,

Rupatadine Inhibits Human Mast Cell
Activation

Fig. 4. Time course of the inhibitory effect of rupatadine on IL-8
release from LAD?2 cells. LAD2 cells were preincubated with ru-
patadine (Rup) at 10, 25 and 50 uM for 0 min, 10 min and 1 h and
were subsequently stimulated with SP (1 uM, for 24 h) 10 (n = 4),
25 (n=15) and 50 puM (n = 9). IL-8 was measured in the superna-
tant fluid by ELISA. Results were analyzed using the paired equal,
2-tailed, Student’s t test. Spontaneous release was below the level
of detection. * p < 0.05, significance of comparisons between the
results of the same concentration at different times of preincuba-
tion and 10 min of preincubation, as shown by the corresponding
brackets.

IL-17, IL-18, IL-23, VEGF, TNF-a, TNF-f3, stem cell fac-
tor, interferon-y, monocyte chemoattractant protein 1,
macrophage inflammatory protein (MIP)-1, MIP-1a,
MIP-23, matrix metalloproteinase (MMP)-2, MMP-3,
MMP-9, brain-derived neurotrophic factor, eotaxin, fac-
tor VII, granulocyte macrophage colony-stimulating fac-
tor, intercellular adhesion molecule 1, RANTES, inter-
feron-y and epidermal growth factor] using Milliplex mi-
crobead arrays.

IgE/anti-IgE stimulation significantly increased only
IL-6 (fig. 7a), IL-8 (fig. 7b), IL-10 (fig. 7c), IL-13 (fig. 7d)
and TNF release (fig. 7e); VEGF results were too variable.
Rupatadine at 25 wM reduced IL-6 release from 715 *
65.8 pg/ml after anti-IgE to 364 * 36.4 pg/ml (69% inhi-
bition, p = 0.0012), IL-8 release from 5,120 * 934.9 to
2,012 £ 29.4 pg/ml (63% inhibition, p = 0.0045), IL-10
release from 86 * 16.8to 30 £ 4.9 pg/ml (34% inhibition,

Int Arch Allergy Immunol 2010;151:38-45 41
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Fig. 5. Dose response of the inhibitory effect of rupatadine on
VEGEF release from LAD2 cells. LAD2 cells were preincubated
with rupatadine (Rup) at 5, 10 and 50 M for 10 min and stimu-
lated with SP (at 10 pM, n = 6) for 24 h. VEGF was measured in
the supernatant fluid by ELISA. Results were analyzed by the un-
paired equal, 2-tailed, Student’s t test. * p < 0.05, significance of
comparisons between conditions and samples treated with the
trigger alone, as shown by the corresponding brackets.

p=0.005),IL-13 release from 188 * 3.3t048 * 3.4 pg/ml
(79% inhibition, p = 0.00000001), and TNF release from
107 £ 15.3t0 56 * 4.5 pg/ml (55% inhibition, p =0.0055),
as shown in figure 7.

Discussion

In the present paper, we investigated stimulation of
human mast cells by different triggers. HMC-1 mast cells
were stimulated by IL-1, which we had previously shown
to release only IL-6 [24]; HMC-1 cells were also used be-
cause they grow rapidly in culture allowing us to carry
out both dose-response and time-course experiments.
We did not use IL-1 stimulation with LAD2 cells because
these cells do not secrete IL-6. Instead, we stimulated
LAD2 cells with the neuropeptide SP 3], to which HMC-
1 cells do not respond, and measured the most abundant
mediators produced, histamine, IL-8 and VEGEF. Final-
ly, we stimulated primary cultured human mast cells

42 Int Arch Allergy Immunol 2010;151:38-45

Fig. 6. Dose response of the inhibitory effect of rupatadine on his-
tamine release from LAD2 cells. LAD2 cells were preincubated
with rupatadine (Rup) at 5, 10 and 50 M for 10 min and stimu-
lated with SP (at 10 M, n = 9) for 20 min. Histamine in the su-
pernatant and pellet was measured fluorometrically. Spontane-
ous release was below the level of detection. Results are presented
as percent net release, and data were analyzed by the unpaired
equal, 2-tailed, Student’s t test. * p < 0.05, significance of com-
parisons between conditions and samples treated with the trigger
alone, as shown by the corresponding brackets.

(hCBMC:s), which grow slowly and are not as plentiful,
with IgE/anti-IgE and measured a number of mediators.
It is obvious from the above that the same stimuli could
not be compared in all these types of human mast cells.
The present results indicate that rupatadine can inhibit
the secretion of histamine and the proinflammatory me-
diators IL-6, IL-8, IL-10, IL-13, TNF and VEGF from hu-
man mast cells, stimulated by allergic and other trig-
gers.

The inhibitory action of rupatadine did not exhibit a
classic dose-response curve, as it was limited to within 1
log (5-50 wM). The ICs for the inhibitory effect of rupa-
tadine on human mast cell secretion was about 25 uM,
within the range previously reported for rupatadine’s in-
hibition of histamine and TNF release from canine skin
mast cells [26]. This concentration is 250-1,000 times
higher than the concentration required for H; receptor
antagonism depending on the assays used [12]. Even
though rupatadine is marketed as 10 mg/day, it is in-
creasingly used by clinicians at 20 mg/day for chronic

Vasiadi et al.
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idiopathic urticaria [18]. The rupatadine plasma con-
centration achieved with a single 20 mg/day in humans is
Cax = 4.3 pg/1 [27]. Assuming this C,, and the molecu-
lar weight of rupatadine (fumarate salt) to be 415.96, the
plasma concentration is approximately 0.01 wM. Primary

Rupatadine Inhibits Human Mast Cell
Activation

mast cells in the nose or skin may be more sensitive to the
action of rupatadine than cultured mast cells, to be tested
in the future with ex vivo treatment of nasal polyp or skin
biopsies from patients. In addition, much higher rupata-
dine local concentrations could be achieved after instilla-

Int Arch Allergy Immunol 2010;151:38-45 43



tion into the nasal mucosa of a topical rupatadine solution.
For instance, topical application into a nostril of 150 pl of
1 mg/ml rupatadine solution (feasible) means 150 g ru-
patadine that could produce a local concentration closer
to the values used in this study. Other H, receptor antago-
nists had previously been shown to inhibit mast cell gran-
ule-stored mediators in similar concentrations to what we
report here for rupatadine [10, 11]. For instance, azelastine
resulted in a maximal inhibition of tryptase (55%) and
histamine (41%) release [28], as well as of IL-6 (83%) re-
lease from hCBMCs at 24 uM [25]. Azelastine also inhib-
ited IL-6,IL-8 and TNF release from hCBMCs stimulated
by IgE/anti-IgE [29]. More recently, the H; receptor an-
tagonists [30] epinastine (40 wM) and azelastine (200 M)
reduced IL-8 release by almost 30%, epinastine and olopa-
tadine reduced IL-10 release by 30-50%, while epinastine
and olopatadine reduced TNF release by about 30% [30].
However, as we also observed with rupatadine, there was
no clear dose-response effect [30], and the extent of inhibi-
tion also varied considerably, with epinastine showing the
strongest inhibition of IL-8 and IL-10, while azelastine
was the most potent inhibitor for TNF. In contrast, rupa-
tadine inhibited the release of all these cytokines (IL-8,
IL-10, TNF) at 25-50 M. However, no comparative stud-
ies with other antihistamines were performed.

Mast cell activation by IgE has traditionally relied on
the measurement of preformed mast cell mediators, such
as histamine, which is stored in the secretory granules
[31-33]. It is now recognized that human mast cells pro-
duce a number of cytokines, most of which are newly syn-
thesized upon activation [34]. However, there is consider-
able heterogeneity on the cytokine content of various hu-
man cell types [34-37], making it necessary to measure
different mediators from different types of mast cells in
different pathophysiological settings. Moreover, mast
cells can secrete cytokines selectively, without degranula-
tion [38]. In particular, we had shown that IL-1 can stim-
ulate selective release of IL-6 [24], while corticotropin-
releasing hormone can release VEGF selectively without
degranulation [39].

The mechanism of the inhibitory action of rupatadine
is not known at present. The H, receptor is not likely to
be involved as rupatadine can effectively antagonize this
receptor at <0.1 nM, while >10 wM are required for mast
cell inhibition. Moreover, pretreatment of mast cells with
diphenhydramine (50 wMm), which totally blocks the H;
receptor, could not prevent the ability of rupatadine to
inhibit mast cells (results not shown). Rupatadine may
inhibit intracellular calcium ion elevations and/or nucle-
ar factor-kB activation, as previously shown for azelas-

44 Int Arch Allergy Immunol 2010;151:38-45

tine [29]. The ability of rupatadine to antagonize PAF
may also somehow contribute to mast cell inhibition, es-
pecially if PAF is secreted from mast cells and has an au-
tocrine stimulatory action.

Conclusion

Rupatadine is a potent H, receptor antagonist with ad-
ditional anti-PAF and mast cell secretion blocking ef-
fects. These properties could be particularly useful in the
treatment of allergic inflammation present in a variety of
airway and skin diseases, such as perennial rhinitis and
chronic idiopathic urticaria, both of which are fairly re-
sistant to common H; receptor antagonists. However, the
present studies did not use primary mast cells from the
respective tissues and, therefore, cannot be directly ex-
trapolated to the clinical settings.

Acknowledgments

We thank Uriach, Inc., Barcelona, Spain, for providing rupa-
tadine and for partially funding this study, as well as Amgen, Inc.,
Thousand Oaks, Calif., USA, for their generous gift of recombi-
nant human stem cell factor. We also thank Millipore Inc., Bil-
lerica, Mass., USA, for performing the Luminex microbead array
analysis, as well as Dr. Butterfield (Mayo Clinic, Rochester, Minn.,
USA) for providing the HMC-1 cells, and Drs. D. Metcalfe and
A.S. Kirshenbaum (NIH, Bethesda, Md., USA) for providing the
LAD2 mast cells. We also thank the personnel of the Maternal-
Fetal Division of Tufts Medical Center for collecting the umbilical
cord blood used in these studies.

Disclosure

US patents No. 6624148, 6689748, 6984667,7115278,10/811825
and EPO 136577 (awarded to T.C.T.) cover the use of methods and
compositions of mast cell blockers, including the combination of
H, receptor antagonists (and rupatadine specifically) together
with flavonoids and proteoglycans in allergic and inflammatory
diseases.

» 1 Galli SJ, Nakae S, Tsai M: Mast cells in the
development of adaptive immune responses.
Nat Immunol 2005;6:135-142.

»2 Mekori YA, Metcalfe DD: Mast cells in in-
nate immunity. Immunol Rev2000;173:131-
140.

»3 Theoharides TC, Kalogeromitros D: The
critical role of mast cell in allergy and in-
flammation. Ann NY Acad Sci 2006;1088:
78-99.

References

Vasiadi et al.



>4

»s5

»6

»7

>3

»9

»10

»11

»12

13

> 14

»15

» 16

»17

Boesiger ], Tsai M, Maurer M, Yarnaguchi M,
Brown LF, Claffey KP, Dvorak HF, Galli SJ:
Mast cells can secrete vascular permeability
factor/vascular endothelial cell growth fac-
tor and exhibit enhanced release after im-
munoglobulin E-dependent upregulation of
Fce receptor I expression. ] Exp Med 1998;
188:1135-1145.

Papanicolaou D, Wilder RL, Manolagas SC,
Chrousos G: The pathophysiologic roles of
interleukin-6 in human disease. Ann Intern
Med 1998;128:127-137.

Salamon P, Shoham NG, Gavrieli R, Wolach
B, Mekori YA: Human mast cells release in-
terleukin-8 and induce neutrophil chemo-
taxis on contact with activated T cells. Al-
lergy 2005;60:1316-1319.

Grutzkau A, Kruger-Krasagakes S, Baumeis-
ter H, Schwarz C, Kogel H, Welker P, Lippert
U, Henz BM, Moller A: Synthesis, storage
and release of vascular endothelial growth
factor/vascular permeability factor (VEGF/
VPF) by human mast cells: implications for
the biological significance of VEGF206. Mol
Biol Cell 1998;9:875-884.

Kay AB: Allergy and allergic diseases: first of
two parts. N Engl ] Med 2001;344:30-37.
Paus R, Theoharides TC, Arck PC: Neuroim-
munoendocrine circuitry of the ‘brain-skin
connection’. Trends Immunol 2006;27:32-39.
Estelle F, Simons R: The antiallergic effects
of antihistamines (H,-receptor antagonists).
J Allergy Clin Immunol 1992;90:705-715.
Keam SJ, Plosker GL: Rupatadine: a review of
its use in the management of allergic disor-
ders. Drugs 2007;67:457-474.

Merlos M, Giral M, Balsa D, Ferrando R,
Queralt M, Puigdemont A, Garcia-Rafanell
J, Forn J: Rupatadine, a new potent, orally ac-
tive dual antagonist of histamine and plate-
let-activating factor (PAF). ] Pharmacol Exp
Ther 1997;280:114-121.

Katiyar S, Prakash S: Pharmacological pro-
file, efficacy and safety of rupatadine in al-
lergic rhinitis. Prim Care Respir ] 2008;8-12.
DOI: 10.3132/pcrj.2008.00043.

Picado C: Rupatadine: pharmacological pro-
file and its use in the treatment of allergic
disorders. Expert Opin Pharmacother 2006;
7:1989-2001.

Izquierdo I, Merlos M, Garcia-Rafanell J: Ru-
patadine: a new selective histamine H; recep-
tor and platelet-activating factor (PAF) an-
tagonist. A review of pharmacological profile
and clinical management of allergic rhinitis.
Drugs Today (Barc) 2003;39:451-468.
Stuebner P, Horak F, Zieglmayer R, Arnaiz
E, Leuratti C, Perez I, Izquierdo I: Effects of
rupatadine vs placebo on allergen-induced
symptoms in patients exposed to aeroaller-
gens in the Vienna Challenge Chamber. Ann
Allergy Asthma Immunol 2006;96:37-44.
Fantin S, Maspero J, Bisbal C, Agache I, Do-
nado E, Borja J, Mola O, Izquierdo I: A 12-
week placebo-controlled study of rupatadine
10 mg once daily compared with cetirizine 10
mg once daily, in the treatment of persistent
allergic rhinitis. Allergy 2008;63:924-931.

Rupatadine Inhibits Human Mast Cell
Activation

»18

»19

»20

»21

»22

»23

»24

»25

»26

»27

Dubertret L, Zalupca L, Cristodoulo T, Be-
nea V, Medina I, Fantin S, Lahfa M, Perez I,
Izquierdo I, Arnaiz E: Once-daily rupata-
dine improves the symptoms of chronic
idiopathic urticaria: a randomised, double-
blind, placebo-controlled study. Eur J Der-
matol 2007;17:223-228.

Martinez-Cocera C, De Molina M, Marti-
Guadano E, Pola J, Conde J, Borja J, Perez I,
Arnaiz E, Izquierdo I: Rupatadine 10 mg and
cetirizine 10 mg in seasonal allergic rhinitis:
arandomised, double-blind parallel study. J
Investig Allergol Clin Immunol 2005;15:22—
29.

Mullol J, Bousquet J, Bachert C, Canonica
WG, Gimenez-Arnau A, Kowalski ML, Mar-
ti-Guadano E, Maurer M, Picado C, Scad-
ding G, Van Cauwenberge P: Rupatadine in
allergic rhinitis and chronic urticaria. Al-
lergy 2008;63(suppl 87):5-28.

Butterfield JH, Weiler D, Dewald G, Gleich
GJ: Establishment of an immature mast cell
line from a patient with mast cell leukemia.
Leuk Res 1988;12:345-355.

Kirshenbaum AS, Akin C, Wu Y, Rottem M,
Goff JP, Beaven MA, Rao VK, Metcalfe DD:
Characterization of novel stem cell factor re-
sponsive human mast cell lines LAD 1 and 2
established from a patient with mast cell sar-
coma/leukemia; activation following aggre-
gation of FcepsilonRI or FcgammaRI. Leuk
Res 2003;27:677-682.

Kempuraj D, Saito H, Kaneko A, Fukagawa
K, Nakayama M, Toru H, Tomikawa M,
Tachimoto H, Ebisawa M, Akasawa A, Mi-
yagi T, Kimura H, Nakajima T, Tsuji K, Na-
kahata T: Characterization of mast cell-com-
mitted progenitors present in human
umbilical cord blood. Blood 1999;93:3338-
3346.

Kandere-Grzybowska K, Letourneau R,
Kempuraj D, Donelan J, Poplawski S, Bou-
cher W, Athanassiou A, Theoharides TC:
IL-1 induces vesicular secretion of IL-6
without degranulation from human mast
cells. ] Immunol 2003;171:4830-4836.
Kempuraj D, Huang M, Kandere K, Boucher
W, Leutourneau R, Jeudy S, Fitzgerald K,
Spear K, Athanasiou A, Theoharides TC: Az-
elastine is more potent than olopatadine in
inhibiting interleukin-6 and tryptase release
from human umbilical cord blood-derived
cultured mast cells. Ann Allergy Asthma
Immunol 2002;88:501-506.

Queralt M, Brazis P, Merlos M, de Mora F,
Puigdemont A: In vitro inhibitory effect of
rupatadine on histamine and TNF-alpha re-
lease from dispersed canine skin mast cells
and the human mast cell line HMC-1. In-
flamm Res 2000;49:355-360.

Solans A, Carbo ML, Pena J, Nadl T, Iz-
quierdo I, Merlos M: Influence of food on
the bioavailability of rupatadine tablets in
healthy volunteers; a single-dose, random-
ized, open-label, two-way crossover study.
Clin Ther 2007;29:900-908.

»28

»29

»30

»31

»32

»33

>34

»35

»36

»37

»33

» 39

Lytinas M, Kempuraj D, Huang M, Kandere
K, Boucher W, Letourneau R, Jeudy S,
Fitzgerald K, Spear K, Athanasiou A, Theo-
harides TC: Azelastine’s inhibition of hista-
mine and tryptase release from human um-
bilical cord blood-derived cultured mast
cells, as well as rat skin mast cell-induced
vascular permeability: comparison with
olopatadine. Allergy Asthma Proc 2002;23:
45-51.

Kempuraj D, Huang M, Kandere-Grzybows-
ka K, Basu S, Boucher W, Letourneau R,
Athanasiou A, Theoharides TC: Azelastine
inhibits secretion of IL-6, TNF-a and IL-8 as
well as NF-kB activation and intracellular
calcium ion levels in normal human mast
cells. Int Arch Allergy Immunol 2003;132:
231-239.

Galatowicz G, Ajayi Y, Stern ME, Calder VL:
Ocular anti-allergic compounds selectively
inhibit human mast cell cytokines in vitro
and conjunctival cell infiltration in vivo.
Clin Exp Allergy 2007;37:1648-1656.
Siraganian RP: Mast cell signal transduction
from the high-affinity IgE receptor. Curr
Opin Immunol 2003;15:639-646.

Blank U, Rivera J: The ins and outs of IgE-
dependent mast-cell exocytosis. Trends Im-
munol 2004;25:266-273.

Kraft S, Rana S, Jouvin MH, Kinet JP: The
role of the FcepsilonRI beta-chain in allergic
diseases. Int Arch Allergy Immunol 2004;
135:62-72.

Grabbe J, Welker P, Moller A, Dippel E, Ash-
man LK, Czarnetzki BM: Comparative cyto-
kine release from human monocytes, mono-
cyte-derived immature mast cells and a
human mast cell line (HMC-1). ] Invest Der-
matol 1994;103:504-508.

Bradding P, Okayama Y, Howarth PH,
Church MK, Holgate ST: Heterogeneity of
human mast cells based on cytokine content.
J Immunol 1995;155:297-307.
Kriiger-Krasagakes S, Moller AM, Kolde G,
Lippert U, Weber M, Henz BM: Production
of inteuleukin-6 by human mast cells and
basophilic cells. ] Invest Dermatol 1996;106:
75-79.

Gibbs BF, Wierecky J, Welker P, Henz BM,
Wolff HH, Grabbe J: Human skin mast cell
rapidly release preformed and newly gener-
ated TNF-alpha and IL-8 following stimula-
tion with anti-IgE and other secretagogues.
Exp Dermatol 2001;10:312-320.
Theoharides TC, Kempuraj D, Tagen M,
Conti P, Kalogeromitros D: Differential re-
lease of mast cell mediators and the patho-
genesis of inflammation. Immunol Rev2007;
217:65-78.

Cao J, Papadopoulou N, Kempuraj D, Bou-
cher WS, Sugimoto K, Cetrulo CL, Theoha-
rides TC: Human mast cells express cortico-
tropin-releasing hormone (CRH) receptors
and CRH leads to selective secretion of vas-
cular endothelial growth factor. ] Immunol
2005;174:7665-7675.

Int Arch Allergy Immunol 2010;151:38-45

45


http://dx.doi.org/10.3132%2Fpcrj.2008.00043



