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INTRODUCTION
Mast cells are multifunctional effector cells of the immune sys-
tem and play a crucial role in the allergic response. Activation 
of these cells induces the release of a wide collection of media-
tors that initiate the cascade of clinical symptoms associated 
with allergic rhinitis, such as itching, sneezing, rhinorrhea and 
nasal obstruction (1). First of all, there is the release of pre-
formed inflammatory mediators, such as histamine and tryp-
tase localized in specialized granules, and secondly there is 
the de novo synthesis and secretion of cytokines, chemokines, 
and eicosanoids (1,2). During the acute allergic reaction, there 
is mainly the release of preformed mediators such as histamine 
but also the release of newly formed leukotrienes (LTC4/D4/E4) 
and prostaglandin D2 (PGD2) 

(3).

The IgE/allergen – mediated stimulation through the cross-
linking of the high-affinity receptor for IgE (FcεRI) remains 
a very important step in the activation of the mast cell. The 
FcεRI expressed on mast cells and basophils is a tetrameric 
receptor comprised of the IgE-binding α chain, the signal-
amplifying β chain (4) and the two signal transducing γ chains 
(5). The transmission of the signals is dependent on the spe-
cific sequence of the immunoreceptor tyrosine-based activation 
motif (ITAM) present on the β and γ chains. After the phos-
phorylation of the ITAMs by the protein tyrosine kinase Lyn, 
there is the activation of spleen tyrosine kinase Syk through 
ITAM binding (6,7). Furthermore there is the activation of 
several adaptor proteins and transcriptional factors. The acti-
vation of FcεRI finally leads to degranulation, cytokine and 
eicosanoid production of mast cells.

	 Background: Mast cells are crucial effector cells in the allergic cascade. The cross-linking 
of the high affinity IgE receptor (FcεRI) activates mast cells and basophils. Spleen tyrosine 
kinase (Syk) is positioned upstream of the IgE receptor signal transducing pathway and may 
represent an important target for the treatment of nasal inflammatory diseases. 

	 Objective: We measured effects of a specific Syk inhibitor in the release of mast cell media-
tors in human cord blood-derived mast cells (CBDMCs) (in-vitro) and in human nasal tissue 
(ex-vivo). 

	 Methods: Surgical samples were collected from patients with nasal polyposis who under-
went sinus surgery. Tissue cubes of ± 0.9 mm3 were primed with myeloma IgE (1 µg/ml), 
preincubated with Syk inhibitor NVP-QAB205 in different concentrations and then stimu-
lated with tissue culture medium, anti-IgE 10 µg/ml and anti-IgE 30 µg/ml. Supernatants 
were analysed for concentrations of histamine, LTC4/LTD4/LTE4 and PGD2. CBDMCs 
were likewise pre-incubated with compound, prior to stimulation with anti-IgE at 10 µg/ml. 

	 Results: In CBDMCs, the Syk inhibitor prevented degranulation assessed by measurement 
of histamine release and the production of LTC4/LTD4/LTE4 and PGD2. Furthermore, the 
Syk inhibitor was similarly able to significantly inhibit the release of these granules and newly 
synthesized mediators by nasal polyp mast cells in a dose dependent manner. 

	 Conclusion: Although the critical role of Syk in the IgE receptor signal transduction pathway 
has been well documented in vitro, this study supports the importance of Syk in IgE receptor-
mediated degranulation of mast cells ex-vivo within nasal tissue. Thus, inhibition of Syk may 
represent an important therapeutic strategy for the treatment of upper airway disease with 
mast cell involvement, such as allergic rhinitis.
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Consequently, as Syk is positioned upstream in the cell signal-
ling pathway, therapies targeting Syk should block three mast 
cell functions: the release of preformed mediators such as his-
tamine, the production of lipid mediators such as leukotrienes 
and prostaglandins and the secretion of cytokines (8). 

We have demonstrated before (9) that nasal polyp tissue can be 
used for testing the early phase of an allergic reaction. As large 
amounts of nasal polyp tissue are easier to access than inferior 
turbinate tissue, and as nasal polyps and inferior turbinate tis-
sue react in the same concentration-dependent manner with the 
release of histamine, leukotrienes and PGD2 to IgE- dependent 
triggers, we here use mast cell stimulation of nasal polyp tissue 
to study the effect of Syk inhibition of the allergic early phase 
reaction.

The essential role of Syk has been proven in Syk-deficient 
murine mast cells, which are defective in receptor-induced 
degranulation, cytokine synthesis and intracellular signalling-
pathway activation (10). Piceatannol, originally described as 
a Syk-selective inhibitor has been found to prevent mast cell 
degranulation in chopped lung fragments in guinea pigs (11) 
and in human lung mast cells (12). Nowadays, the more selective 
third-generation Syk inhibitors are used, resulting in more con-
fident interpretation of results. One study demonstrated inhibi-
tion of histamine release in human basophils and cultured 
CD-34+ mast cells, and showed inhibition of activation of 
human bronchial mast cells, assessed as less bronchial smooth 
muscle contraction in human isolated bronchial preparations. 
In this study a third-generation specific Syk inhibitor (NVP-
QAB205) was used (13).

Syk may represent an important target for the treatment of 
allergic rhinitis (14). Since there is currently no data supporting 
this hypothesis, the aim of this study was to investigate the 
ability of NVP-QAB205 to inhibit the release of acute phase 
mediators in nasal polyp tissue after the stimulation of the high 
affinity IgE receptor. 

MATERIALS AND METHODS
Patients
Nasal polyp samples of 8 patients were collected at the 
Department of Otorhinolaryngology, Ghent University 
Hospital. The ethical committee of the Ghent University 
Hospital approved the study and informed consent was 
obtained from all subjects prior to inclusion in the study. None 
of the subjects used any intranasal corticosteroids within 1 
week prior to surgery, nor took any oral and/or intramuscu-
lar corticosteroids within 4 weeks prior to surgery, nor anti-
histamines or anti-leukotrienes within 4 days prior to surgery, 
nor oral and intranasal decongestants or intranasal anticholin-
ergics within 2 days prior to surgery. For the female subjects 
there was no current pregnancy or lactation.
Samples were collected during functional endoscopic sinus 
surgery from 8 patients (median age 38.5 years, ranging from 
20 to 54 years old, 4 female and 4 male patients). Nasal poly-

posis was diagnosed based on symptoms, clinical examination, 
nasal endoscopy, and sinus computed tomography (CT) scan 
according to the EP3OS guidelines (15). 
The atopic status of all patients was evaluated by using skin 
prick tests with a standard panel of inhalant allergens. The 
reaction to a skin prick test was considered positive if the 
wheal area caused by the allergen was greater than 7 mm2 
(diameter > 3 mm). Negative and positive controls (10 mg/ml 
histamine solution) were also included with each skin prick 
test. In the nasal polyp group, there were 2 patients with an 
atopic status. None of the patients had asthma or aspirin intol-
erance in history.
The nasal tissue collected during surgery was immediately 
transported to the laboratory for the ex-vivo stimulations.

Syk inhibitor NVP-QAB205 
The Syk inhibitor used in these studies (NVP-QAB205) was a 
kind gift from GlaxoSmithKline (Stevenage, United Kingdom) 
and its characteristics have been published (16). In isolated 
enzyme assays, this compound has an IC50 of 0.01 µM; hence 
at the concentrations tested here, it is a selective inhibitory 
tool.

Mechanical disruption and stimulations of human nasal tissue
Human nasal mucosa and submucosa was cut thoroughly 
in tissue culture medium consisting of RPMI 1640 (Sigma-
Aldrich, Bornem, Belgium), containing 2 mM L-Glutamine 
(Invitrogen, Merelbeke, Belgium), antibiotics (50 IU/ml pen-
icillin and 50 µg/ml streptomycin) (Invitrogen) and 0.1%  
Bovine Serum Albumin (BSA), (Sigma). The tissue was passed 
through a mesh to achieve comparable fragments. The tissue 
fragments (± 0.9 mm3) were weighed and resuspended as 0.04 g 
tissue/ 1 ml tissue culture medium. 
Tissue was preincubated for 1 hour at 37°C, 5% CO2 with  
1 µg/ml human myeloma IgE (Calbiochem, VWR Internatio
nal, Leuven, Belgium) and washed, tissue fragments were 
resuspended in the appropriate amount of culture medium, 
and 0.5 ml of the fragment suspension was dispensed per well 
in a 48-well plate (BD Falcon). The fragment suspensions 
were stimulated with either culture medium, or the Syk inhibi-
tor NVP-QAB205 at concentrations of 10-8 M, 10-7 M, 10-6 M 
and 10-5 M for 1 hour. The DMSO concentration was kept 
constant at 0.1%. Following incubation with the inhibitor, the 
fragments were stimulated with either tissue culture medium 
(negative control), or ε-chain specific anti-human IgE antibody 
(Dako Belgium NV, Heverlee, Belgium) at 10 or 30 µg/ml for 
30 minutes. All stimulations were done in duplicate. 
Supernatants were separated by centrifugation and stored 
immediately at -20°C until analysis of histamine, LTC4/D4/E4 
and PGD2. 

Cord blood-derived mast cell culture and activation assay
Cord blood-derived mast cells were differentiated from CD34+ 
progenitor cells (AllCells, Berkeley, CA, USA), by cultur-
ing with stem cell factor (SCF), IL-6 and IL-10 essentially as 
described by Ochi et al. (17). 
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The medium used was RPMI 1640 (Sigma) containing 
10% heat inactivated CELLect Fetal Bovine Serum (MP 
Biomedicals), 1% (0.1 mM) non-essential amino acids, 2 mM 
L-Glutamine, 100 U/ml Penicillin, 100 µg/ml Streptamycin,  
10 µg/ml Gentamicin, 200 nM 2-mercaptoethanol (all from 
InVitrogen), and 100 ng/ml SCF, 50 ng/ml IL-6, and 10 ng/ml 
IL-10 (all from Peprotech) for 12 weeks. 
For inhibitor assays (n = 4), cells were plated at 5 x 104 cells/
well in V-bottom 96-well tissue culture plates (Corning), and 
primed for 6 days 37°C, 5% CO2 in complete medium contain-
ing 10 ng/ml IL-4 (Peprotech) and 2 µg/ml IgE (1 µg/ml kappa, 
1 µg/ml lambda;  Biodesign, AMS Biotechnology). Cells were 
then washed in assay buffer (RPMI containing additives as 
above but with only 4% FCS) and resuspended in 90 µl of 
assay buffer per well. The Syk inhibitor was added in 10 µl of 
medium to give final concentrations ranging between 10-9 M 
and 3 x 10-7 M, and incubated for 30 minutes at 37°C, 5% CO2. 
Anti-IgE antibody (Sigma) was then added in 10 µl to give a 
final concentration of 10 µg/ml and the plate was incubated for 
a further 30 minutes. The plate was then centrifuged at 1500 
rpm in a bench centrifuge for 5 minutes to pellet cells, and 
supernatants were transferred to a new plate, and centrifuged 
again that the supernatants were cell-free. 

Determination of mediator concentrations in supernatants
Commercially available enzyme-linked immunosorbent assay 
(ELISA) kits were used to measure concentrations of histamine 
(IBL, Germany), LTC4/D4/E4 (Oxford Biomedical Research, 
Nuclilab BV, Ede, The Netherlands) and PGD2 (Cayman 
Chemicals, Ann Arbor, MI, USA). 

Statistical analysis
Statistical analysis was performed using the Wilcoxon test (for 

paired comparisons). P values of less than 0.05 were considered 
as statistically significant. 

RESULTS
Effect of Syk inhibitor on mediator release from CBDMCs
Pre-incubation for 30 minutes with inhibitor resulted in sig-
nificant inhibition of the release of histamine (Figure 1A, IC50 
27.5 nM), leukotrienes (Figure 1B, IC50 22.5 nM) and PGD2 
(Figure 1C, IC50 26.6 nM) in response to IgE receptor cross-
linking induced by anti-IgE antibody. Here, the inhibitory 
potencies of the Syk inhibitor on the different mediators were 
similar. These efficacies correlated well with the activity of the 
inhibitor in in vitro kinase assays. 

Effect of Syk inhibitor on mediator release from human nasal tis-
sue
Stimulation of nasal polyp tissue (n = 8) with anti-IgE  
(10 µg/ml and 30 µg/ml) resulted in a dose-dependent release of 
histamine, cysteïnyl leukotrienes and PGD2 (Table 1).

Effect of Syk inhibitor on histamine release
Increasing concentrations of Syk inhibitor (10–8 M, 10–7 M,  
10–6 M and 10–5 M) significantly inhibited the release of his-
tamine induced by 10 µg/ml anti-IgE (p < 0.02, p < 0.01, p < 
0.02 and p < 0.02, respectively) (IC50 13.6 nM). Also the nasal 
polyp tissue stimulated with 30 µg/ml anti-IgE and preincu-
bated with the Syk inhibitor, showed a significant decrease of 
histamine release, except for 10-8 M Syk inhibitor (p < 0.01, p 
< 0.01 and p <0.01, respectively) (IC50 13.6 nM) (Table 1 and 
Figure 2 A). 
					         
Effect of Syk inhibitor on LTC4/D4/E4 release
In nasal polyps increasing concentrations of Syk inhibitor 

Table 1. Overview of the effect of increasing concentrations of the Syk inhibitor on anti-IgE-induced release of histamine (ng/ml), LTC4/LTD4/LTE4 (ng/
ml) and PGD2 (pg/ml) in the nasal polyp group (n = 8). Data are expressed as mean ± SD.

Stimulus	 release	  +10–8 M syk inh	 +10–7 M syk inh	 +10–6 M syk inh	 +10–5 M syk inh

Histamine (ng/ml)
Baseline	  24.4 +/– 11.9	 23.8 +/– 11.9	 22.2 +/– 12.3	 21.1 +/– 11.6	 22.8 +/– 11.6 
	 Anti–IgE 10µg/ml	 42.3 +/– 16.8	 37.0 +/– 16.7	 32.2 +/– 14	 28.1 +/– 14.3	 29.7 +/– 13.4
	 p-value*		  0.0156	 0.0078	 0.0156	 0.0156
	 Anti-IgE 30µg/ml	 63.0 +/– 20.6	 51.6 +/– 24	 39.2 +/– 15.3	 36.4 +/–12.0	 39.5 +/– 16.4 
	 p-value*		  0.1484	 0.0078	 0.0078	 0.0078

LTC4/LTD4/LTE4 (ng/ml)
	 Baseline	 0.08 +/– 0.04	 0.07 +/– 0.03	 0.07 +/– 0.04	 0.06 +/– 0.03	 0.07 +/– 0.04
	 Anti-IgE 10 µg/ml	 0.69 +/– 0.59	 0.53 +/– 0.46	 0.16 +/– 0.14	 0.08 +/– 0.02	 0.08 +/– 0.06
	  p-value*		  0.0391	 0.0078	 0.0078	 0.0078
	 Anti-IgE 30 µg/ml	 0.92 +/– 0.55	 0.66 +/– 0.63	 0.17 +/– 0.16	 0.07 +/– 0.04	 0.08 +/– 0.05
	 p-value*		   0.0234	 0.0078	 0.0078	 0.0078

PGD2 (pg/ml)
	 Baseline	 168.0 +/– 163.6	 169.3 +/– 105.6	 150.4 +/– 96.1	 91.1 +/– 70.9	 113.3 +/– 52.2 
	 Anti-IgE 10 µg/ml	 2662.3 +/– 1793.3	 1805.9 +/– 1170.7	 1200.5 +/– 918.7	  454.2 +/– 284.2	    422.4 +/– 291.6
	 P-value*		  0.0078	 0.0078	 0.0078	 0.0078
	 Anti-IgE 30 µg/ml	 5205.5 +/– 3575.5	  3631.4 +/– 2543.6	 2118.5 +/– 1566.9	 1022.4 +/– 192.3	  775.6 +/– 306.7
	 p-value*		   0.0078	 0.0078	 0.0078	 0.0078
* versus Anti-IgE stimulation (Statistical analysis; Wilcoxon-test)
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gave significant increasing inhibition of LTC4/D4/E4 release 
compared to anti-IgE 10µg/ml stimulation alone (p < 0.05, p 
< 0.01, p < 0.01 and p < 0.01, respectively) (IC50 5,7 nM) and 
compared to anti-IgE 30 µg/ml stimulation alone (p < 0.05, p < 
0.01, p < 0.01 and p < 0.01, respectively) (IC50 3,9 nM) (Table 
1 and Figure 2 B). 

Effect of Syk inhibitor on PGD2 release
Furthermore, in nasal polyps the release of PGD2 was almost 
completely blocked after preincubation with increasing con-
centrations of Syk inhibitor (p < 0.01, p < 0.01, p < 0.01 and 
p < 0.01) in comparison with the release after stimulation with 
anti-IgE 10 µg/ml alone (IC50 80 nM). Also the nasal polyp 
tissue stimulated with 30 µg/ml anti-IgE showed a significant 

dose-dependent decrease of PGD2 release (p < 0.01, p < 0.01, 
p < 0.01 and p < 0.01, respectively) (IC50 88 nM) (Table 1 and 
Figure 2 C). 

DISCUSSION 
The involvement of mast cells in upper airway disease such as 
allergic rhinitis is well established, but the current treatment 
modalities, such as anti-histamines, anti-leukotrienes, and 
intranasal corticosteroids, are aimed at preventing the activity 
of single mediators, whereas the mast cell, upon activation by 
allergen, is able to produce a large number of inflammatory 
mediators whose activities will be unaffected by such drugs. 
There is therefore scope to improve on current treatments. 
One such approach to improve upper airway disease therapies 
could be the discovery of potent and efficacious mast cell sta-
bilisers, which would effectively block the production of both 
early mediators (e.g. histamine, cysteinyl-leukotrienes, PGD2) 
and cytokines, which should relieve both immediate symptoms 
experienced on exposure to IgE-dependent triggers, but also 
halt the subsequent recruitment of inflammatory cells into the 
nasal mucosa. An understanding of the signalling pathways 
initiated upon cross-linking of the high affinity IgE recep-
tor has helped identify potential future drug targets, and an 
example of one such protein is the tyrosine kinase Syk which 
appears to be critical for mast cell function.

To evaluate the mast cell stabilisation potential of novel 
molecules such as Syk inhibitor NVP-QAB205, inhibition of 
mediator release of mast cells was here studied in cord blood 
derived mast cells and in nasal polyps. Our group recently 
developed a human nasal mucosal stimulation model with 
anti-IgE stimulations that mimics the allergic acute phase 
reaction (9). Stimulations with anti-IgE on IgE-primed nasal 
tissue fragments lead to a dose-dependent release of hista-
mine, leukotrienes and PGD2 both in inferior turbinates and 
nasal polyps. In view of the mediators and the time course 
after stimulation, those outcome measures are specific for a 
mast cell response. As inferior nasal turbinate tissue in allergic 
rhinitis, nasal polyp tissue is characterized by the presence of 
effector cells such as mast cells and eosinophils, both typical 
for allergic inflammation (18). As nasal polyps and inferior tur-
binate tissue react in the same concentration-dependent man-
ner to IgE-dependent triggers, and nasal polyp tissue is easily 
provided by surgical procedures performed to remove disease, 
nasal polyp tissue was used in this pharmacological profiling 
setting (9). 

Syk is not only expressed in mast cells (19,20) and basophils (21), 
but also in eosinophils (22), neutrophils (23), macrophages (24), 
dendritic cells (25) and B-cells (26). Syk has an essential role in 
immunoreceptor signalling. Allergen-specific IgE binds to the 
surface of mast cells and basophils through high affinity Fc 
receptors for IgE. Following subsequent allergen exposure, 
activation of mast cells and basophils through crosslinking of 
the tetrameric FcεRI occurs and causes degranulation and de 

Figure 1. Percent inhibition of mediator release after anti-IgE  

(10 µg/ml) stimulation and increasing NVP-QAB205 concentrations 

in cord blood derived mast cells. A) Inhibition of histamine release.  

B) Inhibition of LTC4/D4/E4 release. C) Inhibition of PGD2 release. 

Results are expressed as mean ± SEM. 
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novo synthesis and release of mediators, all important in the 
allergic inflammation cascade. Receptor crosslinking results 
in the recruitment and the activation of cytoplasmatic kinase 
Lyn. Lyn causes tyrosine phosphorylation of ITAM in the 
cytoplasmatic domains of β- and γ-chains. Phosphorylated 
ITAM in the γ-chains serve as binding sites for Syk SH2 
domains. As a result of its binding to ITAM, Syk becomes 
activated (7,10,27). Activated Syk regulates multiple intracellular 
signalling pathways. Some important downstream targets of 
Syk in mast cells include phospholipase Cγ (PLCγ), which 
may lead to mast cell degranulation, and the mitogen-activat-
ed protein kinase (MAPK) pathway which in turn may lead to 
leukotrienes and prostaglandine production (8).

There is a growing body of literature of the importance of 
Syk in the development of allergic inflammation in the lower 
airways. In animal asthma models, aerosolized Syk anti-
sense oligonucleotides (ASO) inhibited many of the central 
components (f.e. the level of eosinophils, tumour necrosis 
factor) of allergic asthma (28), and a Syk-selective tyrosine 
kinase inhibitor prevented mast cell degranulation and airway 
hyperresponsiveness (11,29). In human lung mast cells piceatan-
nol prevented histamine release (12). Piceatannol was origi-
nally described as a Syk-specific inhibitor but it inhibits other 
kinases as well (30) and applied at concentrations inhibiting 
IgE-induced mediator release from basophils, it doesn’t act on 
Syk (31).

Syk inhibitor NVP-QAB205 is considered selective for its 
respective kinase as it doesn’t inhibit other signaling steps 
thought to be downstream of Syk kinase such as Ras-Erk 
pathway elements. It is known to have an IC50 of 40 nM in 
human basophils and inhibition of Syk activity has no influ-
ence on either loss from the cell surface or degradation of the 
IgE receptor. Furthermore, it inhibits histamine release in 
cultured mast cells and it inhibits bronchial smooth muscle 
contraction (13,32).
Supplementary with the limited findings of Syk inhibition in 
the human bronchial biopsies, this study reports the potency 
of NVP-QAB205 to inhibit the release of acute phase media-
tors in human nasal tissue. The inhibitor was able to com-
pletely and potently inhibit mediator release from cord blood 
derived mast cells, thus enabling a comparison of its effect in 
nasal tissue fragments.

In nasal polyps, the Syk inhibitor significantly inhibited the 
release of histamine, LTC4/D4/E4 and PGD2. The IC50 values 
(13 nM for histamine, about 4.8 nM for leukotrienes and 80 
nM for PGD2) were comparable to the IC50 value of hista-
mine in human basophils. In CBDMCs, the potencies of the 
Syk inhibitor on the different mediators are similar (pLTs = 
histamine = PGD2) however in nasal polyps they are differ-
ent (pLTs > histamine > PGD2); probably due to the more 
complex physiological and disease-relevant system in human 
tissue. These are all mast cell products that may be detected 
immediately after exposure to allergens, causing typical symp-
toms such as rhinorrhea, sneezing, itching and nasal obstruc-
tion (1). Furthermore, through the release of various inflam-
matory mediators, mast cells may contribute to the induction 
of eosinophilic inflammation and to the formation and pro-
gression of nasal polyps (33). In nasal fluids from patients with 
nasal polyps, histamine levels are significantly higher than 
those observed in patients without nasal polyps (34). In nasal 
polyps, preincubation with the Syk inhibitor gave a 100% 
inhibition of the cysLTs production after anti-IgE stimulation 
and there was an almost total (± 80%) inhibition of PGD2 
production. There was also a significant decrease of histamine 
release; however the highest inhibition here was around 60%. 

Figure 2. Percent inhibition of mediator release after anti-IgE 10µg/

ml ( n ) and anti-IgE 30 µg/ml (-s-) stimulation and increasing NVP-

QAB205 concentrations in nasal polyp tissue. A) Inhibition of hista-

mine release. B) Inhibition of LTC4/D4/E4 release. C) Inhibition of 

PGD2 release. Results are expressed as mean ± SEM. 
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The inhibition of the release of these mediators seemed to be 
dose-dependent.
A clinical study, where another specific Syk inhibitor (R112) 
was applied, demonstrated the reduction of symptoms in 
seasonal allergic rhinitis patients (35). Our results suggest that 
this could be due to the inhibition of histamine, cysLTs and 
PGD2.

SUMMARY 
Syk activation is an important upstream event in the path-
ways activated through FcεRI and may therefore control the 
synthesis and release of a whole range of mediators of both 
the early and late allergic responses. This study demonstrates 
that Syk inhibition may prevent the degranulation of and the 
de novo synthesis in mast cells and in human nasal tissue. In 
future, specific Syk inhibitors might provide a new therapeutic 
possibility in the treatment of upper airway disease with mast 
cell involvement such as allergic rhinitis.
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