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Background: Activation of the IgE receptor, FceRI, in mast

cells is the key mechanism initiating and propagating

pathophysiological responses in allergic rhinitis.

Objective: Identify and characterize a small molecule inhibitor

of IgE-dependent mast cell activation for the treatment of

allergic diseases.

Methods: A cell-based high-throughput screen for small

molecules that block IgE signaling was performed in cultured

human mast cells. A potent inhibitor, referred to as R112, was

selected and characterized by using biochemical and cell-based

assays. R112 effects on IgE-dependent degranulation and

cytokine production was measured in mast cells and basophils

and compared with other mast cell inhibitors.

Results: R112 inhibited degranulation induced by anti-IgE

cross-linking in mast cells (tryptase release, effective concentration

for 50% inhibition [EC50] 5 353 nmol/L) or basophils (histamine

release, EC50 5 280 nmol/L), and by allergen (dust mite) in

basophils (histamine release, EC50 5 490 nmol/L). R112 also

blocked leukotriene C4 production and all proinflammatory

cytokines tested. Subsequent molecular characterization indicated

that R112 is an ATP-competitive spleen tyrosine kinase (Syk)

inhibitor (inhibitory constant [Ki] 5 96 nmol/L). Its onset of action

was immediate, and the inhibition was reversible. Incubation of

mast cells with R112 showed that cytokine production in mast cells

was dependent on sustained activation of the FceRI-Lyn–spleen

tyrosine kinase pathway. Unlike other mast cell inhibitors, R112 was

able to completely inhibit all three IgE-induced mast cell functions:

degranulation, lipid mediator production, and cytokine production.

Conclusion: R112 potently, completely, and rapidly abrogated

all mast cell activation cascades triggered by IgE receptor

cross-linking.

Clinical implications: R112 and its analogues offer a new

modality in the treatment of allergic rhinitis. (J Allergy Clin

Immunol 2006;118:749-55.)
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IgE plays a central role in atopic diseases such as
allergic rhinitis.1 Allergens cross-link and activate IgE-
loaded FceRI receptors expressed on the cell surface of
mast cells and basophils, resulting in a rapid release of
preformed granule contents that include neutral proteases
(tryptases, chymases), proteoglycans (heparin, chondroitin
sulfate), and biogenic amines (histamine). This degranula-
tion is followed by synthesis and secretion of arachidonic
acid end-products such as leukotriene (LT) B4, LTC4, and
prostaglandin 2, and later by the synthesis and secretion of
chemokines and cytokines including TNF-a, IL-4, IL-5,
and IL-8.2-5 Together, the action of these and other medi-
ators and cellular factors result in early symptom expres-
sion and activation of the inflammatory cascade.3,4,6

Current therapeutic strategies for allergic rhinitis like
antihistamines and anticysteinyl leukotrienes antagonize
single mediators and provide effective but partial symptom
relief, whereas the more effective corticosteroid agents
inhibit multiple proinflammatory pathways.6 Given that
FceRI-dependent activation of human mast cells results in
substantial change in expression of more than 2400 genes,
including several incompletely characterized genes with
immunoregulatory potential,7 preventing mast cell and
basophil activation by antagonizing IgE-FceRI signaling
offers an attractive broad therapeutic approach.1,8

Here we describe the identification and characterization
of R112, a novel small molecule inhibitor of the IgE-
FceRI signaling pathway. We show that R112 is a potent,
fast, and reversible inhibitor of spleen tyrosine kinase
(Syk) kinase, and describe the effects of Syk inhibition
on production and release of multiple mediators and bio-
active factors. These data complement the recent report

Abbreviations used
CHMC: Cultured human mast cells

DMSO: Dimethyl sulfoxide

EC50: Effective concentration for 50% inhibition

ERK: Extracellular signal-regulated kinase
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LAT: Linker for activator of T cells

LRF: Leukocyte rich fraction

LT: Leukotriene

MT: Modified Tyrode’s
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indicating that R112, dosed intranasally, significantly
improved all nasal symptoms in volunteers with seasonal
allergic rhinitis in a phase II clinical study in a park
environment.9

METHODS

R112

The small molecule R112 was synthesized by the Department of

Chemistry of Rigel Pharmaceuticals, Inc. The structure of R112 is

shown in Fig 1. The discovery and structure-activity relationship

leading to R112 will be presented elsewhere (R. Singh, Manuscript

in preparation, May 2006).

Human mast cell culture

On the basis of the method by Saito et al,10 human mast cells were

derived from cord blood CD341 progenitor cells as described in this

article’s supplementary text in the Online Repository at www.

jacionline.org.

Human mast cell sensitization
and stimulation

Cultured human mast cells (CHMCs) were primed for 5 days with

50 to 100 ng/mL IgE k myeloma (Cortex Biochem, San Leandro,

Calif) and 50 to 100 ng/mL IL-4 (Peprotech Inc, Rocky Hill, NJ) in

mast cell (MC) culture medium (200 ng/mL human interleukin-6

FIG 1. Representative EC50 curves showing the activity of R112 in

CHMC and primary human basophils stimulated with anti-IgE,

dust mite, or ionomycin. A, R112 inhibition of tryptase release by

stimulated CHMC. The graph represents an average of more than

30 assays. B and C, R112 inhibition of histamine release by primary

human basophils stimulated with anti-IgE or dust mite. D, R112 in-

hibition of LTC4 release by CHMC. E, R112 inhibition of cytokine

production by CHMC. F, Chemical structure of R112.
(IL-6) [Peprotech Inc] and 200 ng/mL stem cell factor (SCF)

[Peprotech Inc] in StemPro-34 SFM culture medium [Invitrogen,

Carlsbad, Calif]) at a cell density of 350,000 cells/mL in a humidified

atmosphere of 5% CO2 in air at 37�C. Before stimulation, cells were

washed in either Modified Tyrode’s (MT) buffer (137 mmol/L NaCl,

2.7 mmol/L KCl, 1.8 mmol/L CaCL2, 1.0 mmol/L MgCl2, 5.6 mmol/L

glucose, 20 mmol/L HEPES, 0.1% BSA; pH 7.4) or MC culture

medium and stimulated with either 0.25 to 2 mg/mL anti-IgE

(Bethyl Laboratories, Montgomery, Tex), or 2 mmol/L ionomycin

(VWR International, San Francisco, Calif). For tryptase measure-

ment, ;1500 cells per well were stimulated for 30 minutes in MT

buffer. For leukotriene C4 (LTC4) and cytokine production,

100,000 cells per well were stimulated for 1 hour in MT buffer or

for 7 hours in MC culture medium.

Tryptase, LTC4, and cytokine assays

The tryptase released in the supernatants of stimulated mast cells

was quantified by cleavage of 10 to 50 mmol/L of synthetic

fluorescent peptide substrate Z-Ala-Lys-Arg-AMC.2TFA (Enzyme

Systems Products, Livermore, Calif) in tryptase buffer (0.1 mol/L

HEPES, 10 wt/vol% glycerol, 10 mmol/L heparin sodium salt,

0.01% NaN3; pH 7.5) for 30 minutes at room temperature. The lumi-

nescent readout was measured at 355 nm emission 460 nm excitation

wavelength. LTC4 (Cayman Chemical, Ann Arbor, Mich) and cyto-

kines (Upstate Biotechnology/Chemicon, Lake Placid, NY) were

measured by using Luminex (Luminex Corp., Austin, Tex) multiplex

technology according to the manufacturer’s instructions. The amount

of mediators released was determined with appropriate standard

curves.

Primary basophil assay

Basophil activity was measured in leukocyte rich fraction (LRF)

from dextran sedimented heparinized whole blood (GE Healthcare,

Chicago, Ill). LRF was washed with PBS and resuspended in MT

buffer containing 0.5% dimethylsulfoxide (DMSO) to its original

volume. LRF was mixed with R112 or budesonide to a volume of

100 mL and incubated for 1 or 20 hours followed by a 30-minute stim-

ulation with 0.005 to 5 mg/mL anti-IgE (Bethyl Laboratories).

Histamine release was measured by ELISA according to the manufac-

turer’s description (Beckman Coulter, Brea, Calif).

Western blot

Cultured human mast cells were sensitized for 5 days as described.

Cells were then preincubated at 1 3 106 cells/mL with DMSO vehicle

or R112 at different concentrations for 40 minutes, and stimulated

with 2 mg/mL antihuman IgE for 5 minutes. The cells were spun

down, washed in PBS, and resuspended in Tris-Glycine SDS

Sample Buffer (Invitrogen, Carlsbad, Calif). Western blots were per-

formed according to standard protocol by using 8% Tris-Glycine gels

(Invitrogen), Immobilon P membrane (Millipore, Chicago, Ill), and

ECL Western Blot detection reagent (GE Healthcare). Primary anti-

bodies were purchased from Cell Signaling Technologies (Beverly,

Mass). Membranes were reprobed with antibodies recognizing vari-

ous other proteins to verify equal amount of protein in each lane

(data not shown).

In vitro fluorescence polarization kinase
assay and Ki determination

The fluorescence polarization reactions were performed as de-

scribed elsewhere (see the Online Repository at www.jacionline.org).

For Ki determination, duplicate 200 mL reactions were set up at 8 dif-

ferent ATP concentrations from 200 mmol/L (2-fold serial dilutions)

in the presence of either DMSO or R112 at 5 mmol/L, 2.5 mmol/L,

1.25 mmol/L, 0.625 mmol/L, or 0.3125 mmol/L. At different time
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points, 20 mL of each reaction was removed and quenched to stop the

reaction.

For each concentration of R112, the rate of reaction at each

concentration of ATP was determined and plotted against the ATP

concentration to determine the apparent Michaelis constant (Km) and

Vmax (maximal rate). Finally, the apparent Km (or apparent Km/Vmax)

was plotted against the inhibitor concentration to determine the Ki.

All data analysis was performed by using Prism and Prism enzyme

kinetics programs (GraphPad Software, Inc, San Diego, Calif).

Data analysis

All inhibitory and effective concentrations for 50% inhibition

(IC50 and EC50) values in biochemical and cell based assays were

determined by using GraphPad Prism 3.0 software and Prism

Enzyme programs (GraphPad Software, Inc). Results are presented

as the averages 6 SDs.

RESULTS

R112 inhibits IgE-mediated mast cell
activation pathways

To identify mast cell activation inhibitors, we first
developed a method to obtain as many as 1 3 109 primary
human mast cells in culture from cord blood CD341 pro-
genitor cells (see this article’s Methods and Fig E1 in the
Online Repository at www.jacionline.org for CHMC
characterization). A high-throughput screen was then per-
formed to identify small molecule compounds that in-
hibited anti-IgE–mediated tryptase release from CHMC.
In parallel, a counterscreen using ionomycin-induced
degranulation was performed to select for molecules
that act upstream of calcium mobilization in the IgE
pathway.11,12

Medicinal chemistry of initial hits from the screen
resulted in the identification of R112 as a potent mast
cell inhibitor. R112 caused a dose-dependent inhibition
of anti-IgE–mediated tryptase release (EC50 5 0.353 6

0.117 mmol/L) but showed no activity on ionomycin-trig-
gered tryptase release (Fig 1, A). Likewise, R112 inhibited
anti-IgE–mediated histamine release by basophils isolated
from human blood (EC50 5 0.28 mmol/L, Fig 1, B), and
importantly, histamine release by basophils stimulated
with dust mite, a more physiological stimulus of IgE-
FceRI signaling (EC50 5 0.49 mmol/L; Fig 1, C).

R112 also inhibited in CHMC the secretion of LTC4
(EC50 5 0.115 6 0.021 mmol/L; Fig 1, D) and of several
proinflammatory cytokines including TNF-a (EC50 5

2.01 6 0.97 mmol/L), GM-CSF (EC50 5 1.58 6 0.87
mmol/L), and IL-8 (EC50 5 1.75 6 0.88 mmol/L; Fig 1, E).

Thus, consistent with Syk playing an essential role in
the three major inflammatory cascades regulated by IgE
receptor signaling, R112 completely inhibits degranula-
tion, production of arachidonic acid metabolites, and
production of cytokine and chemokines. Interestingly, as
shown by the EC50 values, the R112 concentrations
needed to inhibit 50% of the production and/or release
of the different mediators do not always correlate with
inhibiting 50% of Syk kinase activity. Differences in EC50

values indicate that the readouts, although completely
dependent on Syk, measure endpoints of downstream
signaling cascades with different complexities, which
integrate multiple components such as signal amplifica-
tions, regulatory feedback loops, and accumulation of end
products. Other Syk inhibitors, including R112 analogues,
show the same tendencies in EC50 shifts.13

Mechanism of action of R112

Because R112 did not inhibit ionomycin-induced de-
granulation, we systematically tested R112 effects on sig-
naling events upstream of calcium mobilization. Current
understanding12,14-16 indicates that on receptor cross-
linking, Lyn phosphorylates the immunoreceptor tyrosine-
based activation motifs (ITAMs) on the Fc receptor g

(FcRg) subunit of the FceRI receptor complex. Syk kinase
then binds the diphosphorylated ITAM on FcRg and be-
comes activated by phosphorylation. Syk subsequently
phosphorylates a variety of substrates, including scaffold-
ing proteins Vav, linker for activator of T cells (LAT), and
SLP-76, that orchestrate a multitude of divergent down-
stream signaling events. The formation of signaling com-
plexes results in the activation of phospholipase Cg

(PLCg), which mediates calcium mobilization and protein
kinase C (PKC) activation, resulting in degranulation and
cytokine gene transcription. The production of lipid medi-
ators and cytokines is in addition regulated by the
activated mitogen-activated protein kinases, including
extracellular signal-regulated kinase (ERK), c-Jun N-
terminal kinase (JNK), and p38.

To identify the mechanism of R112 action, we exam-
ined the sequential activation of Lyn and Syk kinases.
Phosphorylation of Syk on tyrosine 352 (Y352) is depen-
dent on Src-family kinases, most likely Lyn, the first
kinase to be activated.17,18 Activated Syk then directly
phosphorylates the adaptor molecule LAT on tyrosine
191 (Y191).19 As shown in Fig 2, A, the control compound
PP2, a general Src-family kinase inhibitor,20 potently in-
hibited phosphorylation of Syk (Y352) and all subsequent
phosphorylation events in the signaling cascade. R112,
however, did not inhibit phosphorylation of the Lyn target
Syk (Y352), but inhibited the phosphorylation of the Syk

FIG 2. R112 inhibits Syk kinase activity. A, Western blots using phos-

pho-specific antibodies on anti-IgE stimulated CHMC. P-Syk(Y352)

phosphorylation indicates Lyn activity and P-LAT(Y191) phospho-

rylation indicates Syk activity. In the model, a, b, and g designate

the IgE receptor chains. B, Ki determination of R112 on recombinant

Syk protein.
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TABLE I. R112 effects in different cell-based assays

Cell type Stimulation Receptor type Readout EC50 (mmol/L) 6 SD

Mast cell, CHMC Anti-IgE ITAM (FceRI) Degranulation (tryptase) 0.353 6 0.117

Primary human T cell anti-CD3/anti-CD28 ITAM (TCR/CD28) (IL-2) production 3.4 6 0.4

Jurkat T cell line C305 (a-TCR) ITAM (TCR) CD69 upregulation 3.3 6 0.9

Jurkat T cell line Phorbol 12-myristate

13-acetate

Enzyme (PKC) CD69 upregulation 32.5

Primary human T cell IL-2 Cytokine (IL-2R) Cell proliferation 2.3 6 0.13

A549 epithelial line IFN-g Cytokine (IFNR) CD54 upregulation 30

A549 epithelial line IL-1 Cytokine (IL-1R) CD54 upregulation >30

A549 epithelial line TNF Cytokine (TNFR) CD54 upregulation >30

A549 epithelial line Serum General cell growth Cell proliferation >10

H1299 lung cancer line Serum General cell growth Cell proliferation >10

Mast cell, CHMC Ionomycin Intracellular protein Degranulation (tryptase) >10

TCR, T-cell receptor; PMA, phorbol 12-myristate 13-acetate; IL-1R, interleukin-1 receptor.
target LAT (Y191), indicating that Syk kinase is the
primary target of R112.

As expected, most phosphorylation events downstream
of Syk12,14 were inhibited with similar potency by R112
(Fig 2, A), including those of p38 and JNK (data not
shown). The weaker inhibition of ERK phosphorylation,
which is the most downstream phosphorylation tested,
correlates with the less potent inhibition of cytokine pro-
duction and may be a result of the integration of the signal
transduction leading to their activation. In accordance with
this notion, PP2 shows the same tendency with respect to
inhibition of ERK phosphorylation. The inhibition of the
Syk signaling cascade was equally potent in murine bone
marrow–derived mast cells and Ramos B-cells stimulated
through the B-cell receptor (data not shown).

To confirm that Syk was the cellular target of R112,
in vitro kinase assays were performed by using purified
Syk protein. R112 inhibited Syk kinase activity with an
IC50 of 226 nmol/L. Moreover, R112 was shown to be an
ATP-competitive inhibitor of Syk kinase with a Ki of
96 nmol/L (Fig 2, B). Also consistent with Syk being
R112’s primary target, screening of more than a thousand
R112 analogues demonstrated a very close positive cor-
relation between inhibition of IgE-mediated mast cell

FIG 3. R112 inhibition is rapid and reversible. A, R112 was added to

CHMC for 60 or 30 minutes before, simultaneously with, or 10 min-

utes after the stimulation with anti-IgE. B, CHMCs were preincu-

bated for 30 minutes with DMSO or 5 mmol/L R112. One aliquot

of R112-treated cells was washed 5 times with MT buffer before

all aliquots were stimulated with anti-IgE.
degranulation and inhibition of in vitro Syk kinase activity
(data not shown).

Selectivity of R112

We performed in vitro kinase assays against a panel of
25 kinases, in which Syk and Src family kinases were
inhibited most potently. However, we have found that
in vitro kinase assays do not always correlate with the
corresponding activity inside cells. For example, R112
inhibited the Lyn kinase in vitro assay with an IC50 of
0.3 mmol/L; however, as mentioned previously, in
CHMCs, R112 did not inhibit the phosphorylation of
Syk (Y352), and therefore most likely did not inhibit
Lyn activity (Fig 2, A). Additional discrepancies were ob-
tained with lymphocyte-specific tyrosine kinase (Lck) and
epidermal growth factor receptor (EGFR) (see this
article’s Table E1 in the Online Repository at www.jaci-
online.org). Rather than establishing clear correlations be-
tween in vitro and in-cell kinase activity for multiple
kinases, we used the in vitro kinase data to help us select
cell-based assays in which different and multiple kinases
were involved (Table I). The results indicate that T-cell
activation, which is dependent on the kinase activity of
Lck and zeta-chain–associated protein kinase (Zap70)
(the closest homologue of Syk),17 was inhibited at roughly
10-fold higher concentrations of R112. Furthermore,
almost no inhibitory activity by R112 was observed on
IFN-g, IL-1b, and TNF-a signaling as assessed by inter-
cellular adhesion molecule 1 (CD54) upregulation in the
human epithelial cell line A549, nor did R112 show any
effect on cell proliferation in A549 or the H1299 lung can-
cer cell line. Moreover, 10 mmol/L of R112 did not inhibit
epidermal growth factor (EGF)-induced activation of the
mitogen-activated protein kinase pathway (ERK phospho-
rylation) in normal human dermal fibroblasts), SCF-
induced ERK phosphorylation in bone marrow-derived
mast cells (BMMC), or peptidoglycan-induced IL-8 pro-
duction in CHMCs (data not shown). Taken together,
the cellular, biochemical, and phosphorylation pathway
analyses suggest that R112 is a biologically selective
inhibitor of Syk kinase activity.
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FIG 4. Sustained Syk activity is required in anti-IgE induced cytokine production in CHMC. A, Cytokine produc-

tion kinetics by anti-IgE induced CHMC. All cytokines measured behave similarly; GM-CSF is shown as a rep-

resentative. B, The FceR pathway stays activated for at least 7 hours. C, R112 inhibition of cytokine production

is long-lasting. D, Cytokine production is halted as soon as R112 is added. E, Inhibition of cytokine production

by R112 is reversible.
B
a
si

c
a
n
d

cl
in

ic
a
li

m
m

u
n
o
lo

g
y

Inhibition by R112 is fast and reversible

We tested the onset of action of R112 in inhibiting
CHMC activation. Addition of R112 sixty or thirty
minutes before or concomitant with anti-IgE antibody
induction inhibited tryptase release at equal potencies (Fig
3, A). Thus, the results indicate that R112 is highly perme-
able and rapidly contacts the target site to inhibit FceR sig-
naling. As expected, addition of R112 ten minutes after
stimulation did not inhibit tryptase release, consistent
with the fact that the majority of degranulation happens
within 10 to 30 minutes after stimulation.21,22

Consistent with R112 being a competitive inhibitor, its
activity in cells was rapidly reversible. When CHMCs
were preincubated with R112 at 5 mmol/L, a complete
inhibition was observed. This inhibition was completely
abrogated after the cells were washed 5 times before stim-
ulation (Fig 3, B). Taken together, these results show that
R112 is a rapid and reversible inhibitor of FceR-mediated
mast cell degranulation.

R112 inhibition of induced and ongoing
cytokine production

Unlike mediators like tryptase or histamine, which are
preformed and released by degranulation, most mast cell–
derived cytokines are newly transcribed and translated on
stimulation, and thus accumulate over a period of several
hours.4,5,23 To investigate Syk inhibition of cytokine pro-
duction, we tested R112 effects on GM-CSF production
by CHMCs by using concentrations of R112 of 3 to 10
mmol/L to ensure complete inhibition of Syk. Results
with the production of other cytokines were comparable.
On the basis of time courses of cytokine release (Fig 4,
A), we chose to measure the effect of R112 inhibition at
7 hours after stimulation, a time point when all of the cy-
tokines had accumulated to a measurable level but produc-
tion was still actively ongoing. On the molecular level, the
Syk pathway remained activated for at least 7 hours after
stimulation, as seen by the phosphorylation of the signal-
ing proteins (Fig 4, B). The kinetics of phosphorylation is
unusually sustained and may relate to the method by
which the cells were derived. R112 completely inhibited
this sustained phosphorylation of all signaling compo-
nents downstream of Syk.

To evaluate R112 duration of action, CHMC stimula-
tion time was extended. R112 inhibition of cytokine
production was sustained over a period of at least 48
hours (Fig 4, C). Next, we examined R112 effects on on-
going mast cell activation. Interestingly, cytokine produc-
tion could be substantially inhibited even when R112 was
added 1 hour after stimulation (Fig 4, D). When R112 was
added 2 to 6 hours after stimulation, the cytokine that
could be measured corresponded to the amount of cyto-
kine that had already been produced before addition of
R112 (Fig 4, D; compare with time course in Fig 4, A).
Similarly, when R112 was washed out 2 hours or 5 hours
after stimulation, and cytokine was measured 5 hours or 2
hours later, respectively; the cytokine measured correlated
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to the amount produced in a comparable time without
inhibition (Fig 4, E). Together, this indicates that cytokine
production is stopped when the Syk inhibitor is added and,
conversely, that cytokine production resumes once the
Syk inhibitor is removed with the stimulus still present.
Thus, sustained activation of the Syk pathway is required
to sustain cytokine production. The results also indicate
that R112 can block allergen-induced cytokine production
even in cells that have already degranulated.

DISCUSSION

Allergic conditions such as allergic rhinitis are largely
the manifestation of the effects of allergen-dependent
activation of IgE-loaded FceRI receptors on mast cells
and basophils.3,4,6 The Syk kinase plays an essential role
in this IgE-dependent activation. Blocking Syk activity
would therefore inhibit the production and release of mul-
tiple mediators and likely impart broad beneficial effects
because each of these mediators play distinct but overlap-
ping roles in the inflammatory response.8

Here, we characterized the small molecule R112 as a
biologically selective and potent ATP-competitive inhib-
itor of Syk kinase activity with a Ki of 96 nmol/L (Fig 2).
Consistent with Syk’s central role in IgE-dependent mast
cell activation, R112 blocked the release and production
of the three main types of mast cell bioactive mediators:
preformed mediators such as tryptase and histamine,
lipid metabolites such as leukotrienes, and proinflamma-
tory factors including chemokines and cytokines (Fig 1).
R112 has recently been studied in volunteers with sea-
sonal allergic rhinitis in a phase II clinical trial, showing
a significant reduction in clinical symptoms (23% relative
to placebo; P 5 .0005).9 One notable outcome was the
broad range of individual symptoms significantly im-
proved by R112. Among others, these included stuffy,
itchy, and runny nose; sneezes; cough; and headache.9 It
is likely that R112’s wide-ranging effects are related to
its comprehensive block of mast cell and basophil media-
tor release and production.

In addition, R112 effects might also be mediated via
other cell types regulated by Syk activity.8 FceRI receptor
expression has been observed in other cell types including
dendritic cells, neutrophils, and eosinophils, although their
functional significance in allergic responses is still un-
clear.24 Moreover, Syk plays a central role in the signaling
from all activating Fc receptors, including FceRI, FcgRI,
FcgRIIA, and FcgRIIIA, which populate the cell surface
of most immune cells such as granulocytes, monocytes,
macrophages, and dendritic cells.8,25 Consequently,
R112 has the potential to inhibit both IgE-mediated and
IgG-mediated response, as was observed in the R112 inhi-
bition of FcgRI-dependent mast cell activation (Table I).
Finally, some selected integrins and the B-cell receptor
are also known to signal through Syk. Thus, Syk inhibition
offers broad anti-inflammatory activity potential.

Another notable R112 feature revealed by the clinical
trial was its rapid onset of effect: rhinitis symptoms were
significantly relieved within 30 to 45 minutes after dos-
ing.9 This observation correlates with the results of our
cell-based assays. As expected from an ATP-competitive
kinase inhibitor, we found that R112 onset of action was
immediate (Fig 3, A). In addition, R112 inhibition was rap-
idly reversible (Fig 3, B), suggesting that R112 can be used
to modulate mast cell responses by controlling its concen-
tration at the site of action.

Importantly, our data show that the expression of
proinflammatory cytokines in mast cells depends on
continuous and sustained Syk signaling, and that R112
can inhibit this cytokine expression even after early
responses such as degranulation have already occurred
(see R112 added 1 hour after stimulation; Fig 4, D).
Moreover, reflecting its rapid onset of action, R112 is
also able to block ongoing cytokine production (see
R112 added 2-5 hours after stimulation; Fig 4, D). Thus,
R112 not only can prevent mast cell activation but also
has the potential to inhibit an ongoing inflammatory
signaling response. When assessed relative to other mast
cell inhibitors, including steroids, only the Syk kinase
inhibitor R112 was able to block potently, quickly, and
completely the release of all allergen-induced mediators
and cellular factors produced by mast cells and basophils
(see this article’s Table E2 and Fig E2 in the Online
Repository at www.jacionline.org). Taken together, the
R112 activity profile is consistent with its rapid onset of
action and broad symptom relief observed in seasonal al-
lergic rhinitis volunteers in a 2-day phase II clinical trial.

In a recent 7-day trial of R112 versus placebo and
beclomethasone spray, R112 was indistinguishable from
placebo (data not shown). We believe this to be a result of
the short pharmacodynamic effect of the local R112
concentration (at least 4 hours in the first trial), which
was not sufficient when R112 was dosed 2 times per day
in the 7-day trial. To relieve chronic symptoms, future
development candidates should possess longer duration of
action than R112.

In summary, we present here the molecular and cellular
characterization of the Syk kinase inhibitor R112. Syk
inhibition represents an attractive new modality in the
treatment of allergic inflammation.
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