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Spleen tyrosine kinase (Syk) binds ITAM-bearing receptors in a wide variety of cell types. One such exam-
ple is the activation of mast cells, basophils and eosinophils via the stimulation of the FceRI receptor by
IgE/allergen complexes. The possible role of Syk in inflammatory signaling cascades has led to the devel-
opment of pharmacological agents designed to block the Syk catalytic domain as potential novel thera-
peutics. Whilst the enzymatic activity of Syk lends towards the design of small-molecule inhibitors,
other attention has focused on the possibility of targeting Syk expression using anti-sense oligonucleo-
tides as an alternate means of anti-inflammatory therapy. In this study, we compared the ability of multi-
ple optimized Syk siRNA sequences and small-molecule Syk inhibitors to block FceRI-mediated signal
transduction, degranulation and TNFa secretion in the basophilic cell line RBL-2H3. We also character-
ized the specificity of each siRNA sequence with regards to off-target induction of the interferon-induc-
ible gene IFIT1. We identified a single siRNA sequence, which displayed a favorable profile of efficient Syk
knockdown, blockage of FceRI-mediated signal transduction, degranulation and TNFa secretion and a
lack of IFIT1 induction. The effect of this siRNA was comparable to that of the Syk kinase domain inhib-
itors BAY61-3606 and R406. The identification of an active and specific Syk siRNA could be a basis for the
development of therapeutic Syk siRNAs against inflammatory diseases.

� 2009 Elsevier Inc. All rights reserved.
1. Introduction

Spleen tyrosine kinase (Syk) is expressed widely in the immune
system including in leukocytes, platelets and dendritic cells [1]. A
wide variety of cell surface receptors on immune system cells
and other cell types have been postulated to transduce signals
via the binding and activation of Syk [2–5]. For the most part these
include receptors bearing the immunoreceptor tyrosine-based
activation motif (ITAM) [2]. However, other non-ITAM-bearing
receptors such as those for IL-2, IL-15, erythropoietin and lipopoly-
saccharide (endotoxin/LPS) have also been postulated to signal via
the activation of Syk [6–9].

The FceRI receptor complex is expressed on mast cells, basophils
and eosinophils and signal transduction following the binding of
IgE/allergen leads to Syk binding and phosphorylation [3,10]. Syk
is then believed to mediate the direct phosphorylation several pro-
teins within an inflammatory complex including linker for activator
of T cells (LAT), SH2-domain-containing leukocyte protein-76 (SLP-
76) and Vav [3]. Following the assembly and activation of this com-
plex of proteins, activation of MAPKs, calcium-flux and PLCc1 and
ll rights reserved.
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PLCc2 phosphorylation lead to degranulation, lipid mediator and
cytokine synthesis. Syk has gathered a great deal of attention as a
potentially novel target for the treatment of allergic and other
inflammatory disorders [3,10,11]. In particular, several small-mol-
ecule inhibitors of the Syk kinase domain have shown efficacy both
human and animal models of allergic disease [12–16].

Recent advances in the use of small interfering RNA (siRNA)
technologies as a means of post-transcriptional gene silencing have
provided a potential alternative to the use of small-molecule inhib-
itors for the inhibition of disease targets [17–19]. In this study, we
designed a range of different Syk siRNA sequences and tested them
for their ability to knockdown Syk in the rat basophilic RBL-2H3
cell line. Syk siRNAs were also tested for their specificity by inves-
tigating the induction of an interferon response, as analyzed by the
expression of IFN-induced protein with tetratricopeptide repeats-1
(IFIT1/ISG56), which is a characteristic inflammatory response to
viral dsRNA [20]. Selected siRNAs displaying a combination of effi-
cient and specific knockdown of Syk were compared with the pre-
viously published Syk kinase inhibitors R406 [14], BAY61-3606
[15] and piceatannol [21] for their effect on FceRI signal transduc-
tion and basophilic degranulation. The identification of specific and
cellularly active Syk sequences in this study provides a basis for the
development of Syk siRNAs in more complex in vivo models of
inflammatory diseases.
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mailto:<xml_chg_old>sanderson@boehringer-ingelheim.com</xml_chg_old><xml_chg_new>michael.sanderson@boehringer-ingelheim.com</xml_chg_new>
http://www.sciencedirect.com/science/journal/00088749
http://www.elsevier.com/locate/ycimm


M.P. Sanderson et al. / Cellular Immunology 262 (2010) 28–34 29
2. Materials and methods

2.1. Reagents and siRNAs

Individual Duplex siRNAs were purchased from Thermo Fisher
Scientific (Lafayette, CO) and Applied Biosystems/Ambion (Austin,
TX). Antibodies to Syk (SYK-01), PLCc1 (1F1), b-actin (C4) and
LAT (FL-233) were purchased from Santa Cruz Biotechnology (Hei-
delberg, Germany). Antibodies to phospho-PLCc1 (Tyr783), phos-
pho-Zap70 (Tyr319)/Syk (Tyr352), Phospho-Erk (Thr202/Tyr204)
and p44/42 MAP Kinase were obtained from Cell Signaling Tech-
nology (Danvers, MA). The SLP-76 (Tyr128), SLP-76, and high affin-
ity IgE receptor (FceRI) (BC4) antibodies were from BD Biosciences
(San Jose, CA). The phospho-LAT (Tyr226) and phosphotyrosine
(4G10) antibodies were purchased from Millipore (Billerica, MA).
The mouse anti-DNP IgE antibody (clone TIB142) was a kind gift
from Dr. Takeshi Kono (Nippon Boehringer Ingelheim Co., LTD, To-
kyo). Bovine serum albumin-2,4-dinitrophenyl (DNP-BSA) was
purchased from Invitrogen (Karlsruhe, Germany). Piceatannol
was purchased from Merck (Darmstadt, Germany).
2.2. Culture and treatment of RBL-2H3 cells with pharmacological
agents

RBL-2H3 cells (ATCC: CRL-2256) were routinely cultured in
minimum essential medium (MEM) supplemented with 10% fetal
calf serum (FCS). For the treatment of cells with pharmacological
agents for later analysis of proteins by Western blotting, 5 � 105

cells were seeded into 24-well plates and cultured overnight. Cells
were then washed once with phosphate buffered saline (PBS) and
then incubated for 30 min in MEM without FBS plus either inhibi-
tors or the vehicle dimethyl sulfoxide (DMSO). Cells were then
activated for 10 min by the addition of the anti-FceRI (BC4) anti-
body (0.02 lg/ml). Cells were then washed once with ice-cold
PBS and lysed at 4 �C for 30 min in Lysis Buffer (150 mM NaCl,
20 mM Tris, pH 7.5, 1% NP40, 5 mM EDTA, 50 mM NaF, 20 lM
Na3VO4) supplemented with Halt Protease Inhibitor Cocktail and
Halt Phosphatase Inhibitor Cocktail (both from Thermo Fisher Sci-
entific, Rockford, IL). Lysates were then cleared by centrifugation
and prepared for Western blotting by the addition of NuPAGE�

Sample Reducing Agent and LDS Sample Buffer (both from
Invitrogen).
2.3. Transfection of RBL-2H3 and MEF cells with siRNAs

The Nucleofector L Kit (#VCA-1005) (Lonza Cologne AG, Ger-
many) was used for electroporation of RBL-2H3 cells with siRNAs.
1 � 106 cells were electroporated in cuvettes in Nucleofector L
Solution with 420 nM of each siRNA using a Nucleofector� Device
(Lonza, #AAD-1001) with program L-029. Cells were then diluted
in 6 well plates with MEM/10% FCS to give a final siRNA concentra-
tion of 20 nM. Cells were cultivated for a further 2 days prior to
application in cellular assays or for the analysis of Syk mRNA levels
by TaqMan PCR as described in the following section.

DharmaFECT 2 siRNA Transfection Reagent (#T-2002-01) (Ther-
mo Fisher Scientific) was used for the transfection of mouse
embryonic fibroblast (MEF) cells for the analysis of the induction
of the interferon (IFN)-inducible gene IFIT1. MEF cells were rou-
tinely cultured in DMEM/10% FCS and seeded at a concentration
of 4.2 � 105 in 6-well plates and grown overnight until they
reached 90% confluence. Cells were then transfected with 20 nM
of each siRNA mixed with DharmaFECT 2 siRNA Transfection Re-
agent. Following 24 h of culture, mRNA was analyzed by TaqMan
PCR.
2.4. Gene expression analysis

For quantitative analysis of gene expression total RNA was iso-
lated from cell culture lysates according to the RNeasy protocol
(Qiagen, Hilden, Germany). The purified total RNA was stored at
�20 �C. The gene expression levels were determined by TaqMan�

analysis in a 7900HT Sequence Detection System (Applied Biosys-
tems Inc., Foster City, CA) using the TaqMan� EZ RT-PCR reagent kit
(Applied Biosystems) for reverse transcription and PCR amplifica-
tion in ABI PRISM 384-well optical reaction plates (Applied Biosys-
tems). For the detection of the respective transcripts, the following
primers and probes were used: Syk_rat (Applied Biosystems, #
Rn00562684_m1), Syk_mouse (Applied Biosystems, # Mm0
0441649_m1), RNA PolII_rat: forward primer: 50-GCAGGCGAG
AGCGTTGAG-30, reverse primer: 50-CATTGGTATAAT CAAAACG-
GAACTTC-30, probe: 50-FAM-CTGGCTACACTTAAGCC TTCTAATAAA
GC-TAMRA-30, RNA PolII_mouse: forward primer: 50-GCCAAAGA
CTCCTTCACTCACT GT-30, reverse primer: 50-TTCCAAGCGGCAAA-
GAATGT-30, probe: 50-FAM-TGGCTCT TTCAGCATCTCGTGCAGATT-
TAMRA-30 and Ifit_mouse: forward primer: 50-GGCAGG TTTCTGA
GGAGTTCTG-30, reverse primer: 50-CATCAGCATTCTCTCCCATGGT-
30, probe: 50-FAM-AAAACCCAGAGAACAGCTACCACCTTTACAGC-
TAMRA-30. Relative quantities of expression levels were deter-
mined by comparison of ct-values with a dilution series of a stan-
dard total RNA sample and normalized for the 18S rRNA quantity.
For the presentation of the expression levels, normalized relative
quantities of a transcript were divided by the mean value of the
respective control group and displayed as%-control values.

2.5. Western blot analysis of proteins

Cell lysates were loaded onto NuPAGE� 4–12% Bis–Tris gels
(Invitrogen) and transferred to Immobilon-P Transfer Membranes
(Millipore, Billerica, MA) by wet blotting. After blocking with
blocking buffer (5% non-fat milk in TBS), membranes were incu-
bated under gentle agitation with the respective primary antibod-
ies diluted in blocking buffer for 1 h at room temperature.
Membranes were then washed four times for 10 min with TBS-T
(TBS with 0.05% Tween 20) and then incubated with peroxidase-
conjugated secondary antibodies (Jackson ImmunoResearch Eur-
ope Ltd., Suffolk, UK) at a dilution of 1/5000 in blocking buffer
(Jackson ImmunoResearch Europe Ltd, Suffolk, UK). Membranes
were then washed again in TBS-T as described above and then
Western blots developed using the Enhanced Chemiluminescence
(ECL) reagents (PerkinElmer, Waltham, MA) according to the man-
ufacturer’s instructions. Membranes were in some cases stripped
with Restore Western Blot Stripping Buffer (Thermo Fisher Scien-
tific) and then analyzed with additional antibodies.

2.6. b-Hexosaminidase assay

The release of b-hexosaminidase enzyme activity from RBL-2H3
cells was used as a quantifiable readout for degranulation [22]. One
day following transfection of cells with siRNAs, media was re-
placed by MEM/10% FCS containing 1 lg/ml of the mouse anti-
DNP IgE antibody (clone TIB142) and the cells then cultured for a
further 24 h. The following day, cells were washed twice with
PBS and then cultured for 30 min in sterile filtered Tyrode’s Buffer
(135 mM NaCl, 5 mM KCl, 1.8 mM CaCl2, 1.0 mM MgCl2, 5.6 mM
Glucose, 20 mM HEPES, 1 mg/ml BSA, pH 7.4). For testing of the ef-
fects of pharmacological agents on degranulation, non-transfected
cells were treated for 30 min with Tyrode’s Buffer plus inhibitors.
Cells were then activated by the addition of DNP-BSA (100 ng/
ml) in Tyrode’s Buffer for 60 min. Supernatants were collected
and cleared by centrifugation prior to analysis using the b-hexosa-
minidase assay as follows. 50 ll of supernatants were combined
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Fig. 2. Identification of active siRNAs against rat Syk. (A) RBL-2H3 cells were
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cells, (2) cells transfected with GAPDH siRNA, (3) cells electroporated in the absence
of siRNAs. Syk mRNA levels were measured 2 days after transfection by TaqMan
PCR. Expression of Syk was normalized to levels of RNA polymerase II mRNA and
then expressed as the percentage expression compared to that in untreated cells.
Error bars represent the standard deviation of the mean for triplicate determina-
tions from three separate experiments. A paired Student’s t-test was used to
compare the statistical significance of the difference between data points. With the
exception of Syk siRNA D, each Syk siRNA significantly reduced Syk mRNA
expression relative to the GAPDH siRNA control with a p-value of less than 0.05.
The percentage knockdown of Syk mRNA compared to untreated cells is also
presented. (B) Total cell lysates were analyzed for levels of Syk protein by Western
blot. Levels of b-Actin were examined to control for protein loading. Note that two
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with 50 ll of substrate solution (4 mM 4-nitrophenyl N-acetyl-b-D-
glucosaminide in McIlvaine’s Buffer, pH 4.5) in 96-well plates and
incubated for 30 min at 37 �C. Reactions were then terminated by
the addition of 150 ll of 0.2 M Glycine, pH 10.7. Absorbance was
measured at 405 nm.

2.7. TNFa and histamine measurements

Following transfection with siRNAs, cells were incubated as de-
scribed above with the mouse anti-DNP IgE antibody. The follow-
ing day, cells were washed and then cultured for 6 h in MEM/10%
FCS plus DNP-BSA (100 ng/ml). Supernatants were then cleared
by centrifugation and analyzed for levels of rat TNFa using the
rat TNFa Immunoassay (R&D Systems, Minneapolis, MN) and
histamine using a specific enzyme immunoassay (EIA) (IMMUNO-
TECH, Czech Republic), according to the manufacture’s
instructions.

3. Results

3.1. Design of siRNAs against Syk

Ten siRNA sequences (A–J) were designed against Syk with the
aim of knocking down Syk in the rat RBL-2H3 cell line (Fig. 1).
Sequences were based on the RefSeq information for human
(NM_003177), mouse (NM_011518) and rat (NM_012758) Syk
mRNAs. Sequences A–F had 100% homology with rat Syk alone,
whereas sequences G–J were pan siRNAs with complete homology
to the rat, mouse and human Syk transcripts.

3.2. Identification of active siRNAs against rat Syk

RBL-2H3 cells were transfected with each siRNA as described in
Section 2. Syk mRNA levels were determined using TaqMan PCR
(Fig. 2A). Syk levels were normalized to RNA Polymerase II in each
sample. An siRNA against GAPDH, as well as cells electroporated in
the absence of siRNAs were used as negative controls. These two
controls led to a minor decrease in Syk mRNA levels compared to
untreated cells. Sequence A was the most potent siRNA with re-
gards to Syk mRNA knockdown. Meanwhile sequence D, was the
least potent. Whole cell protein extracts were also analyzed for
Syk expression by Western blotting with a specific antibody
siRNA Species specificity Se neuq
UCACCtaRA

UAUGGtaRB

UGUCGtaRC

ACGUUtaRD

UCAUAtaRE

AACUGtaRF

G Rat, Mouse, Human CCUCA

H Rat, Mouse, Human GCCUG

I Rat, Mouse, Human GUCAU

J Rat, Mouse, Human GUGCU

Fig. 1. Species specificity and sequence of each siRNA against Syk. The sequence of the S
mRNA (RefSeq_dna: NM_012758). The species specificity indicates that this siRNA has 10
sequence, 30UTR; 30 untranslated region, bp; base pair number.
(Fig. 2B). As a control, levels of b-actin were also examined to en-
sure equal loading of cellular proteins for each sample. Syk protein
levels were reduced in a manner consistent with the potency of
each siRNA towards Syk mRNA levels, with sequence A displaying
the most potent knockdown of Syk protein.
ANRm tar ni noitacoLec
325-505 :pb SDCAGAGAGCUAUCACA

379-559 :pb SDCCUACGCUAUCACAU

8403-0303 :pb RTU’3AUGGUGCACUGGAA

0973-2773 :pb RTU’3 AAUCGGCUUGGAAU

5463-7263 :pb RTU’3AACGGCAGACGAGA

298-478 :pb SDCAAAAGGCAACCAGA

UCAGGGAAUAUGUG        CDS bp: 697-715

CUGCACGAAGGGAA CDS bp: 936-954

GCAGCAGCUGGACA CDS bp: 1570-1588

AAUGAAAACUACUA CDS bp: 1862-1880

yk siRNAs A–J is shown along with the specific of location homology to the rat Syk
0% homology with the given mRNA for either rat, mouse or human Syk. CDS; coding
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3.3. Induction of the interferon-responsive gene IFIT1 by active Syk
siRNAs

Induction of interferon (IFN) expression by double stranded
RNA (dsRNA) comprises a first line of cellular defense against viral
infection [20]. Viral dsRNA activates a range of cellular pathways
including the dsRNA recognition protein PKR [23], toll-like recep-
tor 3 (TLR3) [24] and the 20-50-oligoadenylate-dependent ribonu-
clease L (RNase L) [25,26] leading to inhibition of cellular
translation and the expression of stress response genes including
IFNs. Following IFN signaling, a wave of other genes are expressed
including the IFN-stimulated genes (ISG), which function to block
viral replication [20,27]. Activation of the IFN response has also
been demonstrated in siRNA transfected cells and this complicates
the therapeutic potential of these molecules [28,29]. In particular,
Syk is considered a major target for inflammatory disorders and an
induction of inflammatory mediators due to an anti-viral cellular
response would be an unacceptable side-effect when designing
Syk siRNA therapeutics.

The expression of IFN-induced protein with tetratricopeptide
repeats-1 (IFIT1/ISG56) was analyzed in mouse embryonic fibro-
blast (MEF) cells transfected with a selection of active Syk siRNAs
(A, B, C, G, H, I and J) in order to determine if these siRNAs activated
anti-viral cellular pathways. MEF cells have previously been shown
to express interferon-responsive genes in response to siRNAs and
therefore represent a valid experimental system [28,30]. Syk siR-
NAs C, H and I increased the expression of IFIT1 by twofold sugges-
tive of an activation of the IFN response (Fig. 3). The GAPDH siRNA
as well as Syk siRNAs A, B, G and J were without effect on IFIT1
expression.
3.4. Knockdown of Syk reduces FceRI-mediated signal transduction in
a manner similar to Syk kinase inhibitors

The ability of a selection of active Syk siRNAs (A, G and J) to
block FceRI-mediated signal transduction was examined in RBL-
2H3 cells. Crosslinking of the FceRI receptor in these cells led to
a rapid phosphorylation Syk at tyrosine 346 (Fig. 4A). In addition,
the Syk substrates LAT (tyrosine 226) and SLP-76 (tyrosine 128)
as well as the associated protein PLCc1 (tyrosine 783) and down-
stream protein Erk (threonine 202/tyrosine 204) were also
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Fig. 3. Expression of IFIT1 in response to siRNA transfection. MEF cells were
transfected with Syk siRNAs A, B, C, G, H, I and J and the control siRNA against
GAPDH and the expression of IFIT1 determined 2 days later using TaqMan PCR.
IFIT1 expression was normalized to levels of RNA polymerase II mRNA and then
expressed as the percentage expression compared to that in cell treated with the
transfection reagent alone. Error bars represent the standard deviation of the mean
for duplicate determinations from two separate experiments. A paired Student’s t-
test was used to compare the statistical significance of the difference between data
points. With the exception of Syk siRNAs C and H (marked with an asterisk), no
significant increase in IFIT1 expression relative to the GAPDH siRNA control was
observed with a p-value of less than 0.05.
phosphorylated. A general activation of protein tyrosine phosphor-
ylation with predominant signals at 100, 70–75 and 55 kDa was
also observed in response to FceRI receptor crosslinking. Consistent
with results presented above (Fig. 2), Syk siRNA A was the most po-
tent in reducing levels of Syk protein. Sequences J and H were
respectively less potent than sequence A. The phosphorylation of
LAT, SLP-76, PLCc1 and Erk was decreased by Syk siRNAs in a man-
ner that directly correlated with their effects on Syk expression.
Interestingly, whilst the tyrosine phosphorylation of proteins at
100 and 70–75 kDa was reduced by Syk siRNAs, the phosphoryla-
tion of the 55 kDa protein was slightly enhanced. This suggests
that the phosphorylation of this unidentified 55 kDa protein could
be negatively regulated by Syk in response to FceRI receptor cross-
linking. The total levels of LAT, SLP-76, PLCc1, Erk and b-actin were
not affected by the Syk siRNAs indicating that the observed reduc-
tion in their respective phospho-forms was due to a decrease in
their phosphorylation and not a decrease in their stability or
expression.

We used the small-molecule inhibitors of the Syk kinase do-
main BAY61-3606, R406 and piceatannol to investigate if a similar
inhibition of FceRI signaling could be observed with Syk inhibitors
and Syk siRNAs. The FceRI-induced phosphorylation of LAT, SLP-76,
PLCc1, Erk and proteins at 100, 70–75 and 55 kDa were dose-
dependently inhibited by the BAY61-3606 and R406 compounds
(Fig. 4B). Interestingly, in contrast to the effects of Syk siRNAs,
the phosphorylation of the 55 kDa protein decreased with
BAY61-3606 and R406. This may represent a discrepancy in the
mechanism of action of these two inhibitory approaches. The phos-
phorylation of Syk at tyrosine 346 was unaffected by these inhibi-
tors suggesting that although it is activated following FceRI
crosslinking, that it is not a substrate for Syk autocatalytic activity.
When used at 20 lM, piceatannol led to a minor decrease in the
phosphorylation of LAT, SLP-76, PLCc1, Erk and the 100, 70–75
and 55 kDa proteins, yet the inhibitor was without effect at the
lower concentrations of 10 and 1 lM.
3.5. Syk siRNAs and inhibitors block degranulation and TNFa
expression

The activation of mast cells and basophils via IgE complexes
leads to degranulation and secretion of cytokines. We tested the
ability of Syk siRNAs A, G and J and the Syk inhibitors to block these
cellular responses in RBL-2H3 cells. All three Syk siRNAs potently
blocked the release of b-hexosaminidase from activated RBL-2H3
cells (Fig. 5A). Sequence G was shown above to knockdown Syk
protein to a lesser extent than siRNAs A and J. Consistent with this,
the release of b-hexosaminidase was inhibited to a lesser extent.
The BAY61-3606 and R406 Syk inhibitors also blocked b-hexosa-
minidase release (Fig. 5B). Interestingly, although 10 and 1 lM
piceatannol was shown above to have no impact on FceRI signal
transduction, these concentrations effectively blocked b-hexosa-
minidase release. This indicates that although piceatannol has no
impact on Syk-mediated signal transduction, it exerts unrelated
anti-inflammatory effects in activated RBL-2H3 cells. Each Syk siR-
NA and inhibitor also blocked the release of TNFa and histamine by
RBL-2H3 cells activated via FceRI-crosslinking (Table 1).
4. Discussion

Syk is widely expressed in the immune system where it is
implicated in the transmission of signals via Fc receptors and other
cell surface proteins [1]. This has led to Syk gaining a great deal of
interest as a potential therapeutic target for the treatment of
inflammatory diseases such as asthma [3], rheumatoid arthritis
(RA) [31] and lupus [32]. Meanwhile, recent reports have sug-
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activated by overnight incubation in the mouse anti-DNP IgE antibody followed by
addition of DNP-BSA. b-Hexosaminidase activity was measure in culture superna-
tants as described in Section 2. Error bars represent the standard deviation of the
mean for quadruplicate determinations. A paired Student’s t-test was used to
compare the statistical significance of the difference between data points. All
treatments with Syk siRNAs and inhibitors led to a significantly reduced secretion of
b-hexosaminidase compared to the control with a p-value of less than 0.05.

Table 1
Syk Knockdown and kinase inhibitors block TNFa expression and degranulation of
histamine. RBL-2H3 cells were treated with the small-molecule inhibitors and siRNAs
prior to activation of the FceRI receptor with IgE and DNP-albumin as described in
Section 2. The percentage release of TNFa and histamine compared to IgE/DNP alone
is presented. For reference, the IgE/DNP positive control resulted in the release of
30 pg/ml TNFa and 21.3 nM histamine. Results are typical of two identical
experiments.

TNFa (% control) Histamine (% control)

No Treatment 0 0
IgE/DNP 100 100
BAY61-3606 1 lM 0 0
BAY61-3606 0.1 lM 0 0
R406 1 lM 0 0
R406 0.1 lM 9 0
Piceatannol 20 lM 23 13
Piceatannol 1 lM 29 79
siRNA A 0 0
siRNA G 28 12
siRNA J 34 21
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gested that Syk may represent a novel therapeutic target for the
treatment of B and T cell lymphomas [33,34]. Current approaches
towards Syk inhibition include the use of small molecule kinase
domain inhibitors and in particular the R406 compound has shown
efficacy in animal and human models of RA [16,32] and immune
thrombocytopenic purpura (ITP) [35].
A novel approach towards Syk inhibition could be realized in
the blockage of Syk expression using techniques such as anti-sense
oligonucleotides or RNAi. These approaches potentially enable the
reduction of gene expression as a means of target modulation as an
alternative to the action of small-molecule inhibitors for which
there are only a limited number of ‘druggable’ targets. Aerolized
Syk anti-sense oligonucleotides have been show to reduce Syk
expression in alveolar macrophages and also blocked IgG/anti-
gen-complex induced nitric oxide and TNFa release, pulmonary
infiltration of inflammatory cells and allergic contraction of the
trachea [36–38]. These studies highlight the potential efficacy of
targeting Syk expression levels as a novel therapeutic principle in
airway inflammatory diseases. Yet the potency of different siRNAa
towards Syk knockdown and also the specificity of these sequences
have not been directly investigated.

In this study, we designed a range of different Syk siRNA se-
quences and tested their ability to knockdown Syk in the rat baso-
philic RBL-2H3 cell line. Syk siRNAs A–C and E–J all knocked down
Syk mRNA and protein expression and each tested siRNA was also
able to block FceRI-induced signal transduction, degranulation and
TNFa release in a manner similar to the Syk inhibitors BAY61-3606
and R406. Interestingly, the commonly used and published Syk
inhibitor piceatannol was shown to block RBL-2H3 cell degranula-
tion and TNFa release at concentrations which did not affect Syk-
mediated signal transduction. This highlights the Syk-independent
anti-inflammatory properties of this compound that must be con-
sidered in future studies. The blockage of FceRI signaling by each
siRNA was directly proportional to their effect on Syk expression.
These results not only suggest a fundamental role of Syk in FceRI
signaling, but also demonstrate the efficacy of the siRNA approach
in the targeting of FceRI-dependent allergic responses.

The clinical potential of siRNAs is somewhat limited by compli-
cations associated with activation of cellular anti-viral interferon-
inducible genes and unanticipated off-target effects on other
mRNAs. Syk siRNA A was a unique sequence in that it displayed
the most potent knockdown of Syk expression and reduction of
FceRI-activated signaling and cellular responses, coupled with a
lack of effect on the cellular IFN response. Furthermore, Affymet-
rics analysis of the effect of Syk siRNA A on the global expression
of rat mRNAs in RBL-2H3 cells revealed no off-target regulatory ef-
fects (data not shown). The identification of this sequence and its
desirable in vitro profile, raises the possibility of this sequence
becoming a candidate for progress into Syk-dependent diseases
models in vivo. Other limiting factors for potential siRNA therapeu-
tics include complications regarding the efficient delivery to spe-
cific target cells and the maintenance of siRNA in vivo stability.
Airway delivery of siRNAs via inhalation has the advantage of
potentially limiting systemic distribution of the molecules, whilst
locally targeting airway cells and their genes [39–41]. Airway siR-
NAs have already demonstrated efficient local knockdown of tar-
gets including heme oxygenase-1 [42], glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) [43] as well as the blockage
of the replication and pathogenicity influenza virus A [44], respira-
tory syncytial virus (RSV) [45,46] and SARS coronavirus (SCV) [47].
Future studies are warranted to clarify the potential of inhaled Syk
siRNAs in models of airway inflammatory cells in vivo.
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