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Curcumin, a constituent of curry, suppresses
IgE-mediated allergic response and mast cell

activation at the level of Syk
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Background: Activation of mast cells through the high-affinity
receptor for IgE (FceRI) underlies atopic allergic reactions.
Curcumin can block this activation, but the mechanism and the
effects of curcumin on IgE-mediated allergic reactions are
unknown.

Objectives: We sought to determine the antiallergic activity of
curcumin in vivo and its mechanism of action in mast cells.
Methods: The antiallergic activity of curcumin was evaluated in
mast cell cultures and the passive cutaneous anaphylaxis model.
The effects of curcumin on mast cell signaling events were
examined by using immunoblotting, immunoprecipitation,
RT-PCR, and other molecular biologic approaches.

Results: Curcumin inhibited antigen-mediated activation of
mast cells and passive cutaneous anaphylaxis in mice.
Suppression of degranulation and secretion of TNF-« and IL-4
was apparent at concentrations as low as 3 pmol/L curcumin in
activated mast cells. Similar concentrations of curcumin
suppressed Syk-dependent phosphorylations of the adaptor
proteins linker of activated T cells and Grb2-associated binder
2, which are critical for mast cell activation. Although curcumin
did not inhibit the phosphorylation of Syk itself, it directly
inhibited Syk kinase activity in vitro. Further downstream,
activating phosphorylations of Akt and the mitogen-activated
protein kinases p38, p44/42 (extracellular signal-regulated
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kinase 1/2), and c-Jun N-terminal kinase, which are critical for
the production of inflammatory cytokines, were also inhibited.
Conclusions: Curcumin inhibits Syk kinase-dependent
signaling events in mast cells and might thus contribute to its
antiallergic activity. Therefore curcumin might be useful for the
treatment of mast cell-related immediate and delayed allergic
diseases. (J Allergy Clin Immunol EEEE;NEN: ENN-EEN,)
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Curcumin, which imparts the yellow color to curry, is a natural
product of the spice turmeric, Curcuma longa L (Zingiberaceae).
Curcumin exhibits a variety of pharmacologic activities, includ-
ing anti-inflammatory, anticancer, antioxidant, wound-healing,
and antimicrobial effects.! Curcumin also possesses antiallergic
activity when examined in animal models of allergy,>* and it in-
hibits degranulation of the RBL-2H3 tumor mast cell line in cul-
ture.*> However, the mechanisms responsible for its antiallergic
activity at the cellular and molecular level are unknown.

Approaches to the treatment of allergic diseases include
allergen-specific immunotherapy, DNA vaccination, humanized
anti-IgE antibody administration, soluble IL-4 receptor treatment,
use of antagonists of leukotriene and histamine receptors, and
treatment with glucocorticoids.®” Another approach under con-
sideration is the use of inhibitors of tyrosine kinases, such as
Syk, that provide specific therapeutic targets for suppression of
mast cell activation.® It is well established that mast cells are as-
sociated with various allergic and autoimmune disorders.”'°
These cells respond to IgE-mediated antigens through the high-
affinity receptor for IgE, FceRI, by release of granules that contain
preformed inflammatory mediators and the generation of inflam-
matory lipids and cytokines.""

Syk kinase, which is the cognate of the T-cell kinase ZAP70 in
mast cells, plays an essential role in the IgE-dependent activation
of mast cells. Syk kinase is initially activated through phosphoryl-
ation by FceRlI-associated Src-family tyrosine kinases, primarily
Lyn. 12 Syk, in turn, phosphorylates tyrosines on the adaptor pro-
teins linker of activated T cells (LAT) and Grb2-associated binder
2 (Gab2) to provide docking sites for assembly of other signaling
molecules to ensure further propagation of activating signals.
Such signals include the phosphorylation and activation of phos-
pholipase Cy and the mobilization of calcium to generate a criti-
cal signal for degranulation.13 Other downstream signals, such as
the activation of phosphatidylinositol 3-kinase'* and mitogen-
activated protein (MAP) kinases,'>"'¢ promote the activation of
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Abbreviations used

BMMC: Bone marrow—derived mast cell
DNP: Dinitrophenol
DPH: Diphenylhydramine
Gab2: Grb2-associated binder 2
ICso: Inhibitory concentration of 50%
LAT: Linker of activated T cells
MAP: Mitogen-activated protein
PCA: Passive cutaneous anaphylaxis

PIPES: Piperazine-N-N'-bis(1-ethanesulfonic acid)

transcription factors for the production of cytokines, including
TNF-a and IL-4. Therefore blockade of Syk activity would result
in suppression of release of multiple inflammatory mediators and
might have broad beneficial effects because each of these media-
tors plays distinct but overlapping roles in the inflammatory
response.'’

In this study we describe the antiallergic activity of curcumin
and its mechanism of action in mast cells. We show that
curcumin reversibly suppresses degranulation and secretion of
inflammatory cytokines, such as TNF-a and IL-4, through
inhibition of Syk kinase and Syk kinase—dependent signaling
events in mast cells.

METHODS

Reagents

Reagents were from the following sources: PP2 from Calbiochem (La Jolla,
Calif); antibodies against the phosphorylated forms of extracellular signal-
regulated kinase 1/2 (monoclonal), p38 (polyclonal), c-Jun N-terminal kinase
(polyclonal), Akt (polyclonal), and Syk (Y352 in human subjects) from Cell
Signaling Technology, Inc (Danvers, Mass); antibodies against Syk (polyclo-
nal) and actin (monoclonal) from Santa Cruz Biotechnology, Inc (Santa Cruz,
Calif); antibody (4G10) against phosphotyrosine and antibodies against LAT
and Gab2 from Upstate Biotechnology (Lake Placid, NY); cell-culture
reagents from GIBCO/Life Technologies, Inc (Rockville, Md); and curcumin,
dinitrophenol (DNP)—specific monoclonal IgE, DNP-BSA, and other reagents
from Sigma-Aldrich Corp (St Louis, Mo).

Animals

Male BALB/c mice (aged 4 weeks) were purchased from the Dae Han
Experimental Animal Center (Eumsung, Korea) and were housed in the
animal facilities at the College of Medicine of Konkuk University. Ten mice
were placed in each cage within a laminar airflow cabinet. The mice were kept
at a temperature of 22°C * 1°C and at a relative humidity of 55% * 10%
throughout the study. This study was done in accordance with the institutional
guidelines.

Induction of mast cell-mediated passive

cutaneous anaphylaxis in mice

An anti-DNP-BSA-specific IgE (0.5 ng) was intradermally injected into
a mouse ear, followed 24 hours later by oral administration of curcumin in
doses of 0.5 to 50 mg/kg or 50 mg/kg diphenylhydramine (DPH) as a
control. One hour later, the mice were then challenged with an intravenous
injection of a 250-pg antigen (DNP-BSA) in 250 pL of PBS containing 4%
Evans blue. The mice were then killed an hour after the antigen challenge,
followed by the removal of an ear for measurement of the amount of dye
extravasated by the antigen. The dye was extracted overnight from the ear in
700 pL of formamide at 63°C. The intensity of the absorbance was
measured at 620 nm.
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Preparation and stimulation of bone

marrow-derived mast cells and RBL-2H3 cells

Bone marrow—derived mast cells (BMMCs) from male BALB/c mice
were cultured for up to 10 weeks in a 50% enriched medium (RPMI 1640,
containing 2 mM L-glutamine, 0.1 mM nonessential amino acids, antibi-
otics, and 10% FCS) containing 10 ng/mL IL-3. After 3 weeks, the cells
were used for the study after verifying that cells expressed the FceRI 3 sub-
unit and degranulated in response to IgE/antigen. For cell stimulation,
BMMCs were primed overnight with 50 ng/mL. DNP-specific IgE. The
BMMCs were washed and resuspended in a Tyrode-BSA buffer (20 mM
HEPES [pH 7.4], 135 mM NaCl, 5 mM KCI, 1.8 mM CaCl,, | mM
MgCl,, 5.6 mM glucose, and 0.05% BSA) before stimulation with 20 ng/
mL DNP-BSA for 10 minutes. RBL-2H3 cells were grown as monolayers
in minimal essential medium with Earle’s salts, supplemented with gluta-
mine, antibiotics, and 15% FBS.

Measurement of degranulation in BMMCs
and RBL-2H3 mast cells

In each experiment cells were transferred to 24-well (2 X 105 cells per
0.4 mL per well) cluster plates and were incubated overnight in a complete
growth medium with 50 ng/mL DNP-specific IgE. The cultures were
washed, and the required buffered solution was added (0.2 mL per well).
Experiments on intact cells were performed in a piperazine-N-N'-bis
(1-ethanesulfonic acid) (PIPES)-buffered medium (25 mmol/L PIPES [pH
7.2], 159 mmol/L. NaCl, 5 mmol/L KCI, 0.4 mmol/L MgCl,, 1 mmol/L
CaCl,, 5.6 mmol/L glucose, and 0.1% fatty acid—free fraction V from a bo-
vine serum) for RBL-2H3 cells and in a Tyrode buffer for BMMCs. Unless
stated otherwise, the cultures were incubated for 30 minutes with or with-
out curcumin before adding 25 ng/mL DNP-BSA for 10 minutes. The se-
cretion of granules containing various allergic mediators was determined
by use of a colorimetric assay to measure release of the granule marker
[S—hexosaminidalse.'8 For this assay, release of p-nitrophenol from p-nitro-
phenyl-N-acetyl-B-D-glucosaminide was measured. The values were
expressed as percentages of intracellular B-hexosaminidase released into
the medium. The inhibitory concentration of 50% (ICsy) was calculated
through nonlinear regression analysis by using the GraphPad software
(San Diego, Calif).

Immunoblotting analysis

BMMCs were washed, and the medium was replaced with the Tyrode
buffer. The cells were then stimulated with 25 ng/mL of antigen (DNP-
BSA) for 10 minutes with or without curcumin and then chilled with ice
to terminate the stimulation. Thereafter, the cells were washed twice with
ice-cold PBS and lysed in 0.5 mL with an ice-cold lysis buffer (20 mmol/
L HEPES [pH 7.5], 150 mmol/L NaCl, 1% Nonidet P-40, 10% glycerol,
60 mmol/L octyl (-glucoside, 10 mmol/L NaF, 1 mmol/L NazVO,,
1 mmol/L phenylmethylsulfonyl fluoride, 2.5 mmol/L nitrophenylphos-
phate, 0.7 pg/mL pepstatin, and a protease inhibitor cocktail tablet).
The lysates were kept on ice for 30 minutes, followed by centrifugation
at 15,000g for 15 minutes at 4°C. The cell lysates were denatured by boil-
ing at 95°C for 5 minutes in a 2X Laemmli buffer.'® The proteins were
separated with SDS-PAGE and were then transferred to nitrocellulose
membranes (Schleicher and Schuell, BA85, Keene, NH). Subsequent to
blocking in a TBS-T buffer (10 mmol/L Tris-HCI [pH 7.5], 150 mmol/L
NaCl, and 0.05% Tween 20) containing 5% skimmed milk powder, the
membrane was incubated with individual antibodies. The primary anti-
bodies were diluted 1:2000-fold unless otherwise noted and were incu-
bated at 4°C overnight. The membranes were washed 3 times for 5
minutes each with a TBS-T buffer. The immunoreactive proteins were in-
cubated with the use of horseradish peroxidase—coupled secondary anti-
bodies diluted 1:2000-fold for 1 hour at room temperature, subsequently
washed 5 times (5 minutes each wash) with a TBS-T buffer, and devel-
oped with enhanced chemoluminescence, according to the manufacturer’s
protocols (Amersham Biosciences, Piscataway, NJ).
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RT-PCR for TNF-« and IL-4 mRNA

The RBL-2H3 cells were harvested by means of trypsinization and were
transferred to 6-well (1 X 10° cells per 3 mL per well) cluster plates, which
were incubated overnight in a complete growth medium containing 25 ng/
mL DNP-specific IgE. The cells were washed, and medium was replaced
with a PIPES-buffered medium before stimulation with 25 ng/mL DNP-
BSA for 15 minutes with or without curcumin. Cultures were then washed
twice with ice-cold PBS. Total RNA was isolated by using Trizol Reagent
(Invitrogen, Carlsbad, Calif) and was reverse transcribed with the Superscript
first-strand synthesis system (Invitrogen), according to the manufacturer’s
protocol. PCR was performed at 94°C for 45 seconds, at 55°C for 45 seconds,
and at 72°C for 60 seconds for 30 cycles. The following primers were used: rat
TNF-a forward 5'-CACCACGCTCTTCTGTCTACTGAAC-3'; rat TNF-a
reverse 5'-CCGGACTCC GTGATGTCTAAGTACT-3'; rat IL-4 forward 5'-
ACCTTGCTGTCACCCTGTTC-3'; rat IL-4 reverse 5'-TTGTGAGCGTG
GACTCATTC-3'; rat glyceraldehyde-3-phosphate dehydrogenase forward
5'-GTGGAGTCTACTGGC GTCTTC-3’; and rat glyceraldehyde-3-phos-
phate dehydrogenase reverse 5'-CCAAGGCTGTGGGCAAGGTCA-3'.

ELISA of TNF-« and IL-4

The RBL-2H3 cells were stimulated with 25 ng/mL DNP-BSA for 4 hours
with or without curcumin. TNF-a and IL-4 concentrations in the culture
supernatant were determined by using commercial ELISA kits, according to
the manufacturer’s instructions (Invitrogen-Biosource Cytokine & Signaling,
Camarillo, Calif).

In vitro Syk kinase assay

The final reaction mixture (25 pL) consisted of 10 mU Syk kinase
(Millipore Corp, Billerica, Mass), 50 mmol/L Tris (pH 7.5), 0.1 mmol/L
ethyleneglycol-bis-(B-aminoethylether)-N,N,N’,N’-tetraacetic acid, 0.1 mM
Na3;VOy, 0.1% B-mercaptoethanol, 0.1 mg/mL poly (Glu, Tyr) 4:1, 10
mmol/L Mg acetate, and [y>>P]-ATP. The reaction was initiated by the ad-
dition of the Mg acetate and [VBP]—ATP. After incubation for 40 minutes at
room temperature, the reaction was stopped by the addition of 5 nL of a 3%
phosphoric acid solution. Ten microliters of the reaction mixture was then
spotted onto a Filtermat A (Millipore Corp) and washed 3 times for 5 min-
utes in 75 mM phosphoric acid and once in methanol before drying and
scintillation counting.

Statistical analysis

The data were presented as the means = SEMs from 3 or more separate
experiments. Statistical analysis was performed by using 1-way ANOVA and
the Dunnett test. All statistical calculations (*P <.05 and **P <.01) were per-
formed with SigmaStat software (Systat Software, Inc, Point Richmond,
Calif).

RESULTS
Curcumin suppresses the mast cell-mediated
passive cutaneous anaphylaxis reaction in mice

We first examined the antiallergic activity of curcumin by use
of the passive cutaneous anaphylaxis (PCA) in the mouse ear
model.”® PCA was successfully induced through the local injec-
tion of IgE in the mouse ear and then systemic injection of antigen
in mice. Oral administration of curcumin 1 hour before injection
of antigen significantly suppressed the mast cell-dependent PCA
reaction in a dose-dependent manner, resulting in a median effec-
tive concentration of approximately 2.0 mg/kg (Fig 1). Nearly
complete suppression of the PCA reaction was achieved with
50 mg/kg curcumin, as was true for the antihistamine DPH at
the same dose (Fig 1).
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Curcumin reversibly inhibits antigen-induced
degranulation of mast cells

In view of the inhibitory effects of curcumin on PCA in vivo,
we next examined its effects on RBL-2H3 cells, a widely used
transformed mast cell line, and primary cultures of BMMCs to
determine its mechanism of action in mast cells. BMMCs were
found to express the FceRI 3 subunit (data not shown) and de-
granulated in response to antigen stimulation after priming with
the antigen-specific IgE (Fig 2, A). Curcumin significantly sup-
pressed antigen-induced degranulation in a dose-dependent
manner in both RBL-2H3 cells and BMMCs (Fig 2, A). The
ICso values were 6.1 pmol/L and 5.2 pmol/L, respectively.
This effect of curcumin was found to be reversible. The RBL-
2H3 cells were washed out 5 times with PIPES buffer after
incubating with curcumin for 1 hour to achieve the maximal
inhibition of curcumin and then stimulated with antigen. As
shown in Fig 2, B, degranulation of mast cells was restored after
removal of curcumin.

Curcumin inhibits secretion and expression
of TNF-a and IL-4 in mast cells

Various cytokines, including TNF-a and IL-4, are critical for
allergic inflammation.?' Accordingly, we examined whether cur-
cumin suppressed the expression and secretion of TNF-a and IL-4
in antigen-stimulated RBL-2H3 cells. Curcumin significantly
inhibited the antigen-stimulated expression of mRNA for both
cytokines in a dose-dependent manner (Fig 3, A). To further prove
the above results, we tested whether curcumin suppressed secre-
tion of TNF-a and IL-4 in the cells. In agreement with the RT-
PCR results, curcumin inhibited secretion of both cytokines in a
dose-dependent manner (Fig 3, B).

Curcumin inhibits Syk-dependent signaling
events in antigen-stimulated cells

To gain insight as to how curcumin suppresses mast cell
activation, we examined its effects on early FceRI-mediated
signaling events, namely the activating phosphorylation of Syk by
Lyn and the phosphorylation of LAT and Gab2 by Syk. As shown
in Fig 4, A, the tyrosine phosphorylation of Syk was not inhibited
by curcumin in antigen-stimulated RBL-2H3 cells. Also, the
phosphorylation of Syk tyrosine residue at 317 in mouse BMMCs
(equivalent to Y352 in human subjects), which is the known site
of phosphorylation by Lyn in mast cells,”*** was not inhibited by
curcumin (Fig 4, A). These results indicated that activation of up-
stream Src kinases and the phosphorylation of Syk itself were un-
affected by curcumin. However, the Syk-dependent downstream
activating phosphorylations of LAT and Gab2 were significantly
inhibited by curcumin in a dose-dependent manner in both
RBL-2H3 cells and BMMCs (Fig 4, A). The effects of curcumin
on recombinant Syk kinase was examined by use of an in vitro as-
say system to verify that Syk kinase is a direct target of curcumin.
As shown in Fig 4, B, Syk kinase was inhibited by curcumin, with
an ICsq of approximately 10 pmol/L. The inhibitory effects of
curcumin were apparent with as little as 3 pmol/L, as was true
for the suppression of degranulation (Fig 2), cytokine expression
and secretion (Fig 3), and phosphorylation of LAT and Gab2
(Fig 4, A).

As noted, the phosphorylation and activation of phospholi-
pase Cv, as well as calcium mobilization, are dependent on the
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FIG 1. Curcumin inhibits the mast cell-mediated PCA reaction. A, Each picture shown is representative of 3
independent experiments. B, The means = SEMs of values from 3 independent experiments, each with 10
mice, are shown. The asterisks indicate a significant difference from controls (no curcumin) at a P value of
less than .001. DPH (50 mg/kg) was used as a typical antihistamine control drug.
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FIG 2. Curcumin reversibly inhibits antigen-induced degranulation in mast cells. A, Release of B-hexosa-
minidase was measured in antigen-stimulated BMMCs and RBL-2H3 cells. B, Reversibility of curcumin in
RBL-2H3 cells. The values indicate the means = SEMs from 3 independent experiments. Significant differ-
ences with controls (no curcumin) are indicated as follows: *P < .05 and **P < .01. PP2 (10 wmol/L) is a gen-

eral Src-family kinase inhibitor.

phosphorylation of Syk and LAT."® Indeed, the phosphorylation
of phospholipase Cyl was inhibited by curcumin in a concen-
tration-dependent manner, with an ICsy of approximately
2 pmol/L. (Fig 5, A). However, we were unable to determine
whether curcumin had corresponding inhibitory effects on cal-
cium mobilization because the light-absorption and fluorescent
properties of curcumin interfered with the measurement of cyto-
solic Ca®" when tested with a variety of fluorescent Ca’*
probes.

We also examined the effects of curcumin on phosphatidylin-
ositol 3-kinase'* and the MAP kinases'>"'® because of their role in
the production of TNF-a and IL-4. The phosphorylation of Akt, a

surrogate for the activation of phosphatidylinositol 3-kinase, and
the activating phosphorylation of the MAP kinases p38, Erk1/2,
and c-Jun N-terminal kinase were also significantly suppressed
by curcumin in a dose-dependent manner. The ICsy values for
curcumin against the tested signaling molecules in Fig 5, B,
were less than 3 pwmol/L.

DISCUSSION

Mast cells participate in a variety of allergic disorders and
autoimmune diseases.”'? In the allergic condition mast cells are
activated by cross-linking of receptor (FceRI)-bound IgE by
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FIG 3. Curcumin suppresses the expression and secretion of TNF-a and
IL-4. A, IgE-primed RBL-2H3 cells were stimulated with antigen or vehicle
(NS) for RT-PCR. Densitometric values (means = SEMs) for the 3 experi-
ments are shown. B, TNF-a and IL-4 concentrations in the culture superna-
tant were determined by using commercial ELISA kits. Asterisks indicate
significant differences from controls as follows: *P < .05 and **P < .01.
PP2 (10 pmol/L) is a general Src-family kinase inhibitor. GAPDH, Glyceral-
dehyde-3-phosphate dehydrogenase.

antigen. The ensuing aggregation of these receptors results in the
rapid phosphorylation of tyrosine residues in the immunoreceptor
tyrosine-based activation motifs of the FceRI 3 and vy subunits by
Lyn kinase,** which leads to recruitment and activation of the pro-
tein tyrosine kinase Syk.zs’26 Syk is responsible for the phospho-
rylation and activation of a variety of downstream signaling
molecules, among them LAT and Gab2, and in this manner regu-
lates activation of phosphatidylinositol 3-kinase, phospholipase
C, calcium mobilization, and MAP kinases.'>?” These signaling
cascades regulate, in turn, degranulation and production of
inflammatory lipids and cytokines, which elicit, coordinate, and
sustain the allergic inflammatory response to antigen.'' Therefore
the development of mast cell inhibitors of Syk kinase might pro-
vide a reasonable approach toward therapeutic intervention in al-
lergic disorders.

In this study we report that curcumin, a major constituent of
turmeric and the coloring ingredient of curry, possesses
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FIG 4. Inhibition of Syk-dependent phosphorylations and Syk kinase activ-
ity by curcumin. A, The mast cells were stimulated with DNP-BSA or not
(NS) for 7 minutes. The proteins were immunoprecipitated from lysates
of RBL-2H3 cells. BMMC lysates were used to detect phosphorylation of
Syk and LAT specifically. B, In vitro Syk kinase assay with curcumin. Values
indicate the means = SEMs from 3 independent experiments: **P < .01.
PP2 (10 wmol/L) is a general Src-family kinase inhibitor.

antiallergic activity in a mast cell-dependent model, most likely
through its ability to potently inhibit Syk-mediated signals that
lead to degranulation and cytokine secretion in antigen-stimu-
lated mast cells. These effects are in addition to its previously
reported immunosuppressive actions in animal models of latex
allergy® and allergen-induced airway hyperresponsiveness.
However, the cellular and molecular targets were not identified.
Our finding that curcumin inhibited mast cell activation and
mast cell-mediated anaphylaxis in mice prompted our examina-
tion of the effects of curcumin on key signaling events in
2 mast cell lines: RBL-2H3 and BMMCs. The key observation
was that curcumin did not inhibit tyrosine phosphorylation of
Syk in either cell line (Fig 4, A), but it did appear to suppress
the activity of Syk itself.

Syk is initially phosphorylated on tyrosine 317 by Src-family
kinases, primarily Lyn, the first kinase to be activated after
antigen stimulation.”>** Curcumin was found not to suppress
phosphorylation of this particular tyrosine in Syk in BMMCs
(Fig 4, A, lower panel). In contrast, PP2, a general Src-family ki-
nase inhibitor, which was used as a control, potently inhibited
phosphorylation of Syk Y317. However, the phosphorylation of
the Syk downstream substrates LAT and Gab2 was significantly
suppressed by curcumin in a dose-dependent manner (Fig 4, A).
Furthermore, curcumin directly inhibited Syk kinase in vitro
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FIG 5. Curcumin suppresses phosphorylation of phospholipase Cy and
MAP kinases. A, Immunoblots for phosphorylated and total phospholipase
(PL) Cy1 were prepared from immunoprecipitated PLCy1 in RBL-2H3 cells.
Densitometric data (means = SEMs) from 3 experiments are shown: *P <
.05 and **P < .01. B, Activating phosphorylations of Akt and the indicated
MAP kinases were determined by preparation of immunoblots from whole
cell lysates. PP2 (10 pmol/L) is a general Src-family kinase inhibitor.

(Fig 4, B). These results indicated that curcumin acts as an in-
hibitor of Syk kinase activation without interfering with its
phosphorylation by Src-family kinases. As a consequence, it in-
hibits phosphorylation of signaling molecules downstream of
Syk.”®*’ The molecules affected included Akt/protein kinase B,
a surrogate marker for phosphoinositide-3 kinase activation,
extracellular signal-regulated kinase, p38, and c-Jun N-terminal
kinase (Fig 5, B). Curcumin exhibited remarkable similarity in
its potency in quenching activating phosphorylations of various
effector molecules that have in common a requirement for up-
stream activation of Syk. Collectively, these results suggest that
curcumin acts initially at the level of Syk kinase to suppress
downstream signaling events and mast cell activation, although
additional inhibitory actions on downstream signals cannot be
excluded.

The PCA animal model used here is a well-established
model for evaluating localized mast cell-mediated allergic
reactions in vivo.?® Curcumin effectively suppressed the local
allergic reaction in this model in a dose-dependent manner
(Fig 1). Substantial inhibition was observed with 0.5 mg/kg
curcumin when administered orally. Near-complete suppression
was observed with 50 mg/kg curcumin, and this suppression
was comparable to that achieved with 50 mg/kg DPH. The
question remains whether the tissue concentrations of cur-
cumin after administration of 5 to 50 mg/kg (14-140 pmole/
kg) curcumin are sufficient to suppress mast cell activation,
namely 1 to 10 wmol/L curcumin in vitro (Figs 2, A, and 3).
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Pharmacokinetic data in mice are limited but indicate that
plasma concentrations of curcumin are sustained for several
hours after oral administration and that curcumin accumulates
in peripheral tissues after intraperitoneal administration of
curcumin.*®

Curcumin is a pluripotent pharmacologic agent, which likely
accounts for its broad biologic activities.' It downregulates tran-
scription factors and inflammatory enzymes, such as nuclear fac-
tor kB, activator protein 1, Egr-1, COX-2, 5-lipoxygenase, and
inducible nitric oxide synthase. It also downregulates growth fac-
tor receptors, cell-surface adhesion molecules, and cyclin D1. In
addition, it is reported to inhibit the activity of protein tyrosine ki-
nases and protein kinase C in the 10- to 100-wmol/L range®'** or
concentrations higher than those required for the inhibition of
Syk, as reported here. The molecular mechanisms for these
actions are obscure but are thought to be due in part to the potent
antioxidant properties of curcumin.®® Curcumin is also a thiol-
modifying reagent and can alkylate critical cysteine residues
and thus irreversibly inhibit such enzymes as thioredoxin reduc-
tase™ and IL-1 receptor—associated kinase,”® a key kinase in
Toll-like receptor signaling systems. However, cysteine modifica-
tion is an unlikely mechanism for the suppression of Syk because
such suppression is completely reversible (Fig 2, B). Despite its
wide array of activities, curcumin has relatively low toxicity in
human subjects.*® Large doses of curcumin can cause gastrointes-
tinal problems, including diarrhea and constipation and, in rare
cases, contact dermatitis.*”-*® In addition, curcumin disrupts the
p53 tumor-suppressor pathway in colon cancer cells, and the po-
tential exists for carcinogenic effects.®

Syk inhibition has previously been shown to result in the
reduction of allergic airway inflammation.'”***' Syk inhibitors
are also being evaluated for use in nasal sprays for the treatment
of symptoms of seasonal allergic rhinitis.**** In this respect cur-
cumin has similar potential for topical therapy of various allergic
diseases, including allergic rhinitis, especially in view of its low
toxicity in human subjects. Curcumin is a potent inhibitor of
antigen-stimulated degranulation and cytokine secretion in mast
cells and of mast cell-mediated PCA in mice. A key action
appears to be its ability to inhibit Syk kinase activation and down-
stream signals in mast cells. These and the known anti-inflamma-
tory properties of curcumin suggest that further evaluation of its
utility in the treatment of immediate and delayed allergic diseases
is warranted.

We thank Dr Hyung Sik Kim (College of Pharmacy, Pusan University,
Busan, Korea) for critical reading and comments.

Clinical implications: Dietary curry curcumin might amelio-

rate allergic diseases.
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