
Letter to the Editor

Resveratrol inhibits IgE binding and down-regulates intracellular
phosphorylation of Syk following IgE aggregation on human basophils

Dear Editor,

Resveratrol is a natural bisphenol found predominantly in
plants, including grapes, berries and peanuts. It has been studied
extensively for its potential beneficial effects on human health,
and its advantageous roles against cardiovascular diseases, aging,
oxidative stress and inflammation have been biologically demon-
strated.1 Additionally, we showed that incubation of basophils
with resveratrol suppressed degranulation and synthesis of leuko-
triene C4 induced by IgE aggregation in vitro, although the under-
lying mechanism(s) remain unclear.2

Degranulation of human basophils is thought to be one of the
central mechanisms in acute allergic reactions such as anaphylaxis
and acute exacerbation of asthma in human biology.3 Indeed, baso-
phils play pivotal roles in allergic inflammation, mainly by rapidly
releasing preformed chemical mediators such as histamine. In
addition to their roles in acute allergic reactions, basophils were
shown to be indispensable for allergic late-phase reactions.4 Thus,
using a naturally occurring substance to suppress basophil func-
tions would be an ideal method for preventing and curing allergic
diseases. Also, elucidation of the underlying mechanism(s) may
provide us clue(s) for new therapeutic strategies. In this study,
we sought to determine the mechanism(s) by which resveratrol
suppresses human basophil degranulation. The protocol for this
study was reviewed and approved by the Institutional Ethics Re-
view Board of National Hospital Organization Tokyo National Hos-
pital. Informed consent was obtained from all blood donors.

Basophils were semi-purified from healthy individuals' blood by
density centrifugation using Percoll solutions (GE Healthcare, Chi-
cago, USA; 1.080 and 1.070 g/ml). Cells were incubated with resver-
atrol (Wako Pure Chemicals, Osaka, Japan) or control ethanol at the
same concentration as used to prepare the highest concentration of
resveratrol prior to IgE aggregation. After pretreatment with
resveratrol or ethanol, cells were stained with specific antibodies
for CD63 (IgG1k, clone H5C6) (BioLegend, San Diego, CA, USA),
CD69 (IgG1k, clone FN50) (BioLegend), CD203c (IgG1, clone 97A6)
(Immunotech, Marseille, France), FcεRI (IgG2bk, clone AER-37)
(eBioscience, San Diego, CA, USA) and phosphorylated Syk (IgG1k,
clone I120-722) (BD Biosciences, San Jose, CA, USA) for analysis
by FACSVerse (BD Biosciences). Cells highly positive for FcεRI
were gated as basophils, and their mean fluorescence intensity
(MFI) was determined. The data were analyzed using Flowjo (Tree
Star Inc., Ashland, OR, USA), and statistical analysis was performed
using one-way ANOVA followed by Tukey's post-hoc test.

CD63 is a good marker for human basophil degranulation. It is
expressed on the inner side of the vesicle membrane, and its
expression on the outer side of the membrane is induced when
the vesicle fuses to the plasma membrane due to IgE aggregation.5

In our experiment, we detected baseline expression of CD63 on
resting basophils, i.e., basophils without IgE aggregation, by flow
cytometry which was not altered with or without resveratrol
(data not shown). In line with our previous report showing
decreased histamine release from human basophils as a result of
pretreatment with resveratrol, surface expression of CD63 by hu-
man basophils following stimulation with polyclonal goat anti-
Human IgE (ε chain) (MBL, Nagoya, Japan) for 45 min at 37 �C
was down-regulated upon treatment with resveratrol at 100 mM
(Fig. 1A and B; Supplementary Fig. 1). On the other hand, levels of
surface-expressed CD69 and CD203c, two known basophil activa-
tion markers,6 did not change in response to resveratrol (data not
shown). Based on those results, we conclude that resveratrol sup-
pressed human basophils' expression of CD63, but not CD69 or
CD203c.

To further elucidate the mechanism underlying this phenome-
non, we sought to examine the effect of resveratrol on IgE binding
to human basophils. We first used lactate buffer (pH 3.9) for 1 min
to strip surface-bound IgE from Percoll-separated basophils7 and
then incubated the cells with resveratrol or control ethanol for
30 min at 37 �C. Basophils were then incubated with Alexa Fluor
647-conjugated polyclonal human IgE (Dendritics, Lyon, France),
followed by incubation with FITC-conjugated anti-human FcεRI
(IgG2bk, clone AER-37) (eBioscience) for 30 min. Newly-bound
IgE was semi-quantitated by flow cytometry. Binding of IgE to hu-
man basophils seemed to be slightly down-regulated by resvera-
trol at 100 and 200 mM (Fig. 2A), and reached statistical
significance with resveratrol at 100 mM when analyzed on the ba-
sis of MFI (%) (Fig. 2B). To rule out the possibility of cytotoxicity due
to the treatment with lactate buffer, we confirmed down-
regulation of IgE binding by using an IgE-naive basophilic cell
line, KU812 (Japanese Collection of Research Bioresources Cell
Bank, National Institutes of Biomedical Innovation, Health and
Nutrition, Osaka, Japan). Similarly, resveratrol treatment at
200 mM significantly suppressed the bound IgE level
(Supplementary Fig. 2). On the other hand, the expression level
of basophil-surface FcεRI did not change (Fig. 2C). Therefore,
resveratrol seemed to inhibit IgE binding to basophils without
changing the FcεRI expression level. The mechanism underlying
this inhibition of IgE binding to basophils is unclear, but it may
involve a conformational change in IgE or FcεRI, or suppression
of turnover of FcεRI on human basophils.
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IgE aggregation resulting in crosslinking of FcεRI induces a
cascade of phosphorylation-dependent intracellular events in baso-
phils that are predominantly regulated by spleen tyrosine kinase
(Syk).8 Finally, to elucidate the intracellular signals that may be
modified by resveratrol, we examined activation of spleen tyrosine

kinase (Syk) by resveratrol following stimulation with anti-IgE anti-
body. For flow cytometry, Percoll-separated basophils were fixed
with Fix Buffer I (BD Biosciences) and then stained with FITC-
conjugated anti-human FcεRIa. The cells were permeabilized with
Perm Buffer II (BD Biosciences), followed by staining with Alexa

Fig. 1. CD63 expression by peripheral blood basophils following IgE aggregation. (A) Percoll-separated basophils were incubated with resveratrol (bold line) at 100 mM or control
ethanol (dotted line) for 30 min at 37 �C followed by stimulation with goat anti-human IgE antibody, and then analyzed by flow cytometry. The shaded area indicates cells stained
with the control antibody. Data are representative of four separate experiments showing similar results. (B) The MFIs of CD63 expression in (A) are shown (basophils treated with
control ethanol: black bars; and resveratrol: gray bars). Bars represent the SD (n ¼ 4e5). n.s., not significant; *p < 0.05 vs. cells pretreated with ethanol.

Fig. 2. IgE binding, expression levels of FcεRI and phosphorylated Syk by peripheral blood basophils. Existing IgE on basophils was stripped with lactate buffer, and then the cells
were incubated with resveratrol (Res) at the indicated concentrations or control ethanol (EtOH) for 30 min at 37 �C (EtOH: black bars: Res 100 mM: light gray bars; Res 200 mM: dark
gray bars). By using Alexa Fluor 647-conjugated polyclonal human IgE, basophil-bound IgE was semi-quantitated by flow cytometry, and the MFI (A) and % of MFI (B) to that of the
cells pretreated with EtOH (control MFI) are shown. Bars represent the SD (n ¼ 4e5). n.s., not significant; *p < 0.05 vs. cells pretreated with ethanol. (C) Percoll-separated basophils
were stained with FITC-conjugated anti-FcεRI antibody, and the MFIs are shown. Bars represent the SD (n ¼ 4e5). n.s., not significant. (D) Percoll-separated basophils were pre-
treated with resveratrol at the indicated concentrations (mM) or with control ethanol (EtOH) for 30 min at 37 �C, followed by stimulation with goat anti-human IgE antibody. The
cells were then stained for intracellular phosphorylated Syk. They were analyzed by flow cytometry, and the MFIs are shown. Bars represent the SD (n ¼ 4e5). n.s., not significant;
*p < 0.05 vs. cells pretreated with ethanol.
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Fluor 488-conjugated anti-Syk antibody (IgG1k, clone I120-722) (BD
Biosciences) and analysis using FACSVerse. As a result, pretreatment
with resveratrol at 100 mM significantly suppressed the expression
level of phosphorylated Syk (Fig. 2D; Supplementary Fig. 3). Thus,
we assume that down-regulated degranulation of basophils by
resveratrol treatment is at least partly due to suppressed phosphor-
ylation of an intracellular signalingmolecule, Syk. However, degran-
ulation of basophils is complete within as little as 10 min after IgE
aggregation, while phosphorylation of Syk is known to peak at
30 min.9 Therefore, we are not able to conclude that suppressed
phosphorylation of Syk is the only mechanism underlying the effect
of resveratrol in down-regulating basophil degranulation.

There is accumulating evidence showing beneficial roles of
resveratrol in protecting against cardiovascular, aging-associated,
neurodegenerative and metabolic diseases, as well as cancers and
other disorders through activation of SIRT 1, a critical deacetylase
that affects the acetylation status of p53, forkhead proteins and
DNA repair enzymes.1 Moreover, resveratrol showed anti-
inflammatory effects in a mouse model of allergic asthma and sup-
pressed airway hyperresponsiveness.10 Natural food-derived
organic substances, including resveratrol, that exhibit health bene-
fits appear attractive and promising. However, previous studies and
our present report indicate that the concentration of resveratrol
necessary for actual benefits is quite high, and unlikely to be ob-
tained from daily consumption of food. It may be reasonable to
use nutritional supplements with precisely defined contents of
resveratrol in combination with existing therapies.

In conclusion, suppression of binding of IgE on basophils' sur-
face as well as suppression of phosphorylation of Syk are possible
mechanisms underlying decreased basophil activation due to
resveratrol treatment. Further research is needed to elucidate the
mechanism underlying resveratrol's suppression of human baso-
phil degranulation.
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Supplementary data related to this article can be found at http://
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Supplementary Fig. 1
Expression levels of CD63 by peripheral blood basophils. Dot plots of CD63 and FcεRI expression with (B) and without (A) resveratrol are
shown. Basophils were identified as FcεRI-high cells (Q2 and 3). Percentages of total cells in the dot plot are shown in each quadrant. Data
are representative of four separate experiments yielding similar results.
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Supplementary Fig. 2
IgE binding by using a basophilic cell line, KU812. (A) Bound IgE levels on KU812 cells are shown. Cells preincubated with
resveratrol at 200 μM (dotted line) or control ethanol (solid line), and cells stained with isotype control antibody (shaded area)
followed by incubation with IgE at 1 μg/ml for 17 h are shown. Data are representative of four separate experiments yielding
similar results. (B) MFI of bound IgE levels on KU812 cells with resveratrol (res) at indicated concentrations (μM), control ethanol
(EtOH), cells stained with isotype control antibody (control) and cells without incubation with IgE are shown (n=4). *p < 0.05.
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Supplementary Fig. 3
Expression levels of phosphorylated Syk by peripheral blood basophils. Dot plots of phosphorylated Syk and FcεRI
expression with (B) and without (A) resveratrol are shown. Basophils were identified as FcεRI-high cells (Q2 and 3).
Percentages of total cells in the dot plot are shown in each quadrant. Data are representative of four separate experiments
yielding similar results.
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