Fisetin, a flavonol, inhibits Ty2-type
cytokine production by activated human

basophils
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Background: Activation of mast cells and basophils through
allergen stimulation releases chemical mediators and synthe-
sizes cytokines. Among these cytokines, IL-4, IL-13, and IL-5
have major roles in allergic inflammation.

Objective: We sought to determine the potency of flavonoids
(astragalin, fisetin, kaempferol, myricetin, quercetin, and
rutin) for the inhibition of cytokine expression and synthesis
by human basophils.

Methods: The inhibitory effect of flavonoids on cytokine
expression by stimulated KU812 cells, a human basophilic cell
line, and freshly purified peripheral blood basophils was mea-
sured by means of semiquantitative RT-PCR and ELISA
assays. The effects of flavonoids on transcriptional activation
of the nuclear factor of activated T cells were assessed by
means of electrophoretic mobility shift assays.

Results: Fisetin suppressed the induction of IL-4, IL.-13, and
IL-5 mRNA expression by A23187-stimulated KU812 cells and
basophils in response to cross-linkage of the IgE receptor.
Fisetin reduced IL-4, IL-13, and IL-5 synthesis (inhibitory
concentration of 50% [ICsy] = 19.4, 17.7, and 17.4 umol/L,
respectively) but not IL-6 and IL-8 production by KU812 cells.
In addition, fisetin inhibited IL-4 and IL-13 synthesis by anti-
IgE antibody-stimulated human basophils (IC5, = 5.1 and 6.2
umol/L, respectively) and IL-4 synthesis by allergen-stimulat-
ed basophils from allergic patients (IC5, = 4.8 umol/L).
Among the flavonoids examined, kaempferol and quercetin
showed substantial inhibitory activities in cytokine expression
but less so than those of fisetin. Fisetin inhibited nuclear local-
ization of nuclear factor of activated T cells c2 by A23187-
stimulated KU812 cells.

Conclusion: These results provide evidence of a novel activity
of the flavonoid fisetin that suppresses the expression of Ty2-
type cytokines (IL-4, IL-13, and IL-5) by basophils. (J Allergy
Clin Immunol 2003;111:1299-1306.)
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Abbreviations used
AP-1: Activator protein 1
DMSO: Dimethyl sulfoxide
EMSA: Electrophoretic mobility shift assay
ICsy: Inhibitory concentration of 50%
NFAT: Nuclear factor of activated T cells
PMA: Phorbol 12-myristate 13-acetate

Mast cells and basophils express FceRI on their cell
surface, and the cross-linking of the cell-bound IgE-
FceRI complex with specific antigens leads to the release
of inflammatory mediators and cytokines.!-5 Among
cytokines produced by such cells, IL-4, IL-13, and IL-5
are key molecules related to IgE production, T2 differ-
entiation, and allergic inflammation.® Although it has
long been thought that IL-4 is derived solely from CD4+
T cells, recent in vitro studies have clearly shown that
human basophils account for most of the IL-4 and IL-13
generated in cultures by peripheral blood leukocytes.”:8
This is true not only for cultures activated with stimuli
that are specific for basophils, such as anti-IgE antibody,
but it is also evident in cultures stimulated with aller-
gens, which additionally activate allergen-specific T
lymphocytes.?-1!1 The evidence that basophils produce
more IL-4 and IL-13 than T cells suggests that strategies
to interrupt their synthesis might be important for the
successful treatment of allergic diseases.8 Several thera-
peutic agents that inhibit release of pharmacologically
active chemical mediators from mast cells or basophils
are now in clinical use.!2 However, there are few drugs
that can suppress production of cytokines by these cells,
except for steroids, cyclosporin A, FK506, and sodium
cromoglycate.!3-15 Tt is thus hoped that low-molecular-
weight compounds with inhibitory activity on cytokine
expression, as well as the release of chemical mediators
by these cells, might constitute novel antiallergic drugs.

Flavonoids ubiquitously exist in plants, vegetables,
fruits, and teas and thus can be taken orally.l6 These
compounds also have been demonstrated to possess a
variety of anti-inflammatory effects.!” Some flavonoids,
including quercetin, kaempferol, fisetin, and rutin, were
previously shown to inhibit histamine release by human
basophils and rat mast cells.!8:19 We recently found that
persimmon leaf extract and its major constituent of
flavonoids, astragalin, inhibited histamine release by the
human basophilic cell line KU81220 and that oral admin-
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istration of these substances markedly suppressed not
only the development of dermatitis but also the serum
IgE level increase in the atopic dermatitis—model mouse
strain NC/Nga.21.22 In the study presented here, we have
therefore investigated the inhibitory activities of 6
flavonoids (4 flavonols and 2 flavonol glycosides) that
share structural similarities on the secretions of cytokines
by a human basophilic leukemic cell line and freshly
purified basophils.

METHODS
Culture medium

RPMI 1640 (Nacalai Tesque) supplemented with 10% FCS
(Dainippon Pharmaceutical Co), L-glutamine (2 mmol/L), 2-mer-
captoethanol (0.05 mmol/L), penicillin (100 U/mL), and strepto-
mycin (100 pg/mL) was used as the culture medium.

Chemicals

Four flavonols (fisetin, kaempferol, myricetin, and quercetin)
and 2 flavonol glycosides (astragalin and rutin) were purchased
from Extrasynthese. A23187 and phorbol 12-myristate 13-acetate
(PMA) were obtained from Sigma Japan. Stock solutions of
flavonoids were prepared in methanol, and A23187 and PMA were
dissolved in dimethyl sulfoxide (DMSO). Control specimens were
incubated with an equal concentration of methanol or DMSO.
Cedar pollen extract-Cj (Japanese Cedar, Cryptomeria japonica
pollen crude extract) was purchased from Cosmo Bio Co, Ltd. Anti-
human IgE antibody was obtained from DAKO Japan.

Purification of basophils

Peripheral blood from patients with seasonal allergic rhinitis
caused by Japanese cedar pollen or peripheral blood buffy coats
from healthy transfusion donors were anticoagulated with 10
mmol/L EDTA and mixed with the same amount of PBS. The mix-
ture was then layered onto Ficoll-Paque PLUS (Amersham Phar-
macia Biotech) and centrifuged (400g for 20 minutes at 4°C). This
was followed by negative selection with a MACS Basophil Isolation
Kit (Miltenyi BioTech).23 Cells were then applied to an LS cell-sep-
aration column mounted on a Midi MACS magnet (Miltenyi Corp).
Basophils were collected as they passed through the column and
washed. The number of total cells and their viability were deter-
mined by staining with Trypan Blue solution and counted with a
hemocytometer. The purity of the basophils in this fraction was
assessed by examining 1000 cells on cytospin preparations treated
with May-Griinwald stain. The basophil purity was 43% to 93% in
5 different experiments, and the contaminating cells consisted
mainly of small lymphocytes and a few monocytes. For conven-
ience, these basophil-enriched fractions are henceforth simply
referred to as basophils.

RT-PCR analysis of cytokine (IL-4, IL-5, IL-6, IL-
8, IL-13, and IL-13) mRNA expression

The expression of cytokines by KU812 (IL-4, IL-5, IL-6, IL-8,
IL-13, and IL-1PB) or by basophils (IL-4 and IL-13) was measured
by using RT-PCR. KU812 cells?4 (5 x 105 cells/mL) or purified
basophils (2 x 106 cells/mL) were first incubated without (equiva-
lent amount of diluted methanol) or with flavonoids (30 pumol/L;
fisetin, 8.58 pg/mL; kaempferol, 8.58 pg/mL; myricetin, 9.54
ng/mL; quercetin, 9.06 pg/mL; astragalin, 13.44 pg/L; and rutin,
18.33 pg/mL) for 30 minutes. Then A23187 (1 umol/L) or an equiv-
alent amount of diluted DMSO for KU812 cells or anti-IgE anti-
body (1 pg/mL) for basophils was added and further incubated for
3 hours. After washing, total RNA was extracted from the cell pel-
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lets by using the RNAzol protocol (Tel-Test, Inc). Total RNA (800
or 300 ng) was then mixed with the RT mixture according to the
manufacturer’s protocol (Perkin-Elmer Cetus) and incubated at
37°C for 60 minutes, followed by boiling at 99°C for 5 minutes.
After each RT, the product was distributed over 7 or 3 test tubes, and
PCR amplification was performed with the following primers.

IL-4—specific primers were as follows: sense, 5" ATG-GGT-CTC-
ACC-TCC-CAA-CTG-CT 3’; antisense, 5" CGA-ACA-CTT-TGA-
ATA-TTT-CTC-TCT-CAT 3'. IL-5-specific primers were as follows:
sense, 5" GCT-TCT-GCA-TTT-GAG-TTT-GCT-AGC-T 3’; anti-
sense 5” TGG-CCG-TCA-ATG-TAT-TTC-TTT-ATT-AAG 3’. IL-
6-specific primers were as follows: sense, 5" ATG-AAC-TCC-TTC-
TCC-ACA-AGC-GC 3"; antisense, 5" GAA-GAG-CCC-TCA-GGC-
TGG-ACT-G 3'. IL-8-specific primers were as follows: sense, 5
ATG-ACT-TCC-AAG-CTG-GCC-GTG-GCT 3’; antisense, 5" TCT-
CAG-CCC-TCT-TCA-AAA-ACT-TCT-C 3’. IL-13-specific primers
were as follows: sense, 5" CCA-CGG-TCA-TTG-CTC-TCA-CTT-
GCC 3; antisense, 5" CCT-TGT-GCG-GGC-AGA-ATC-CGC-TCA
3’. IL-1B-specific primers were as follows: sense, 5" ATG-GCA-
GAA-GTA-CCT-AAG-CTC-GC 3’; antisense, 5" ACA-CAA-ATT-
GCA-TGG-TGA-AGT-CAG-TT 3’. B-Actin—specific primers were
as follows: sense, 5" GTG-GGG-CGC-CCC-AGG-CAC-CA 3’; anti-
sense, 5 GTC-CTT-AAT-GTC-ACG-CAC-GAT-TTC 3.

The PCR process was performed with a Perkin-Elmer Cetus
DNA Thermal Cycler, and the durations and temperatures were as
follows: for IL-4 and IL-13 transcripts, 2 minutes at 94°C and then
1 minute at 94°C, 1 minute at 60°C, and 1 minute at 72°C for 38
cycles for KU812 or 24 cycles for basophils; for IL-5, 32 cycles; for
IL-6, IL-8, and IL-1PB, 30 cycles; and for B-actin, 22 cycles. The
number of PCR cycles had been previously determined so that the
assay was semiquantitative. The products were electrophoresed in
2% agarose gel, stained with ethidium bromide, and photographed.

Measurement of cytokine synthesis by
KU812 cells and basophils

KU812 cells (106 to 3 x 106 cells/mL) or purified basophils (0.2
to 1 x 100 cells/mL) were incubated without (equivalent amount of
diluted methanol) or with flavonoid at an indicated dose for 30 min-
utes and then stimulated with A23187 (1 umol/L) plus PMA (10
ng/mL) for KU812 cells, which was the maximal concentration for
the induction,2 or allergen (cedar pollen extract-Cj, 10 ng/mL) or
anti-IgE antibody (1 pg/mL) for basophils for 6 and 24 hours. The
concentration of allergen or anti-IgE antibody was previously deter-
mined to induce maximal synthesis of IL-4. The supernatant was
harvested, and the levels of IL-4, IL-5, IL-6, IL-8, and IL-13 in the
culture supernatant or diluted supernatant were measured by means
of ELISA according to the manufacturer’s instructions. An ultrasen-
sitive human IL-4 ELISA kit (Biosource International) was used to
detect IL-4, a Pelikine Compact human ELISA kit (Central Labora-
tory, Netherlands Red Cross Blood Transfusion Service) was used to
detect IL-6 and IL-13, and a Quantikine ELISA kit (R&D systems)
was used to measure human IL-5 and IL-8 levels. These assays
showed that the measurable range of cytokines was 65 to 25,000
fg/mL for IL-4, 1.5 to 1000 pg/mL for IL-13, 5 to 1000 pg/mL for
IL-5, 15 to 3000 pg/mL for IL-6, and 10 to 3000 pg/mL for IL-8.

Nuclear extract and electrophoretic mobility
shift assays

KUS812 cells (1 x 107 cells) were first incubated without or with
fisetin or myricetin (30 umol/L) for 30 minutes and then stimulated
with A23187 (1 umol/L) for 2 hours at 37°C because the binding
activity of nuclear factor of activated T cells (NFAT) was time
dependent and reached its maximum after 1 to 2 hours’ incuba-
tion.26 Cells were washed in PBS 3 times, and nuclear extracts were
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FIG 1. Structure of flavonoids. Four flavonols (fisetin, kaempferol, myricetin, and quercetin) and 2 flavonol
glycosides (astragalin and rutin) were used in this study.

prepared as described in a previous report.2” The protein concentra-
tions of extracts were determined by means of BCA protein assay
reagent (Pierce Chemical), and the extracts were then frozen at
—80°C in aliquots containing 20% glycerol. NFAT and activator pro-
tein 1 (AP-1) consensus oligonucleotides were designed as previ-
ously reported.28:2% The unrelated oligonucleotide used in this study
was the GATA-3 binding site in the IL-4 promoter.30 Annealed
binding sites were radiolabeled with T4 polynucleotide kinase (Toy-
obo Co, Ltd) and [y32P]JATP (Amersham Pharmacia Biotech, UK,
Ltd). Radiolabeled oligonucleotides were purified with ProbeQuant
G-50 Micro Columns (Amersham Pharmacia Biotech, Inc), accord-
ing to the manufacturer’s protocol. Electrophoretic mobility shift
assays (EMSAs) were performed as described previously, with
some modifications.2” Nuclear extracts (10 pg) were incubated with
3 ug of a poly-(dI-dC) carrier in a 20-uL reaction mix containing 10
mmol/L Tris-HCI (pH 7.5), 50 mmol/L NaCl, 1 mmol/L dithiothre-
itol, 1 mmol/L EDTA, and 5% glycerol for 30 minutes either at
room temperature (to test antibody inhibition) or at 4°C (to test
oligonucleotide competition). For antibody inhibition experiments,
4 ug of goat affinity-purified anti-NFATc1 (SC-1789X, Santa Cruz
Biotechnology), goat anti-NFATc2 (SC-7295X), or goat anti-
GATA-3 (C-18X) was included in the incubation. For oligonu-
cleotide competition experiments, unlabeled oligonucleotides (250
fmol) were included in the incubation. Labeled binding site probes
(5 fmol, approximately 5 to 6 X 104 cpm) were then added for an
additional 20 minutes of incubation at 4°C. Samples were elec-
trophoresed through a 4% polyacrylamide gel containing 45
mmol/L Tris-borate and 1 mmol/LL EDTA. The gels were dried on
Whatman no. 3 MM filter paper and autoradiographed.

Statistical analysis

Statistical analysis was performed by using the Student ¢ test, and
statistical significance was assumed at a P value of less than .05.

RESULTS

Fisetin suppresses T,;2-type cytokine
production (IL-4, IL-13, and IL-5) by KU812 cells
In the study presented here, we asked whether various

kinds of flavonoids had an inhibitory effect on cytokine
expression by human basophils. As shown in Fig 1, we

selected 6 flavonoids comprising 4 flavonols (fisetin,
kaempferol, myricetin, and quercetin) and 2 flavonol gly-
cosides (astragalin and rutin) that are similar in struc-
ture.16:17 With RT-PCR, we detected an upregulation of
not only IL-4 and IL-5 but also IL-13, IL-6, and IL-8
mRNA expression by KUS812 cells in response to
A23187, whereas IL-1p mRNA expression was not
enhanced (Fig 2, A). Three hours after stimulation, the
mRNA expression of these cytokines reached its maxi-
mum and then decreased gradually (data not shown). The
presence of fisetin at a dose of 30 pumol/L (but not at 3
wmol/L), as shown in Fig 2, A, inhibited IL-4, IL-5, and
IL-13 mRNA expression, whereas IL-6, IL-8, and IL-1j3
mRNA expression were not affected. Fisetin also showed
an inhibition of IL-4, IL-5, and IL-13 mRNA expression
by KUS812 in response to A23187 plus PMA (10 ng/mL,
data not shown). Fig 2, B, shows that quercetin and
kaempferol at the same dose showed a marginal but sub-
stantial inhibition of both IL-4 and IL-5 mRNA expres-
sion, but 3 other flavonoids (myricetin, rutin, and astra-
galin) had little effect on this expression.

The cross-linkage of FceRI of KU812 cells with
mouse anti-human FceRIa chain antibody (CRA-1) or
anti-IgE antibody or the stimulation of KU812 cells with
A23187 failed to produce detectable amounts of IL-4 and
IL-13, as determined by means of ELISA, irrespective of
the cell number, incubation period, and concentrations of
these stimulants (data not shown). However, when
KUS812 cells were stimulated with A23187 plus PMA at
a high density (3 x 106 cells/mL), measurable IL-4, IL-5,
and IL-13 protein levels were produced in the culture
supernatant. The synthesis of IL-6 and IL-8 was also
detected, even at a lower density (100 cells/mL). The rep-
resentative findings of 4 experiments are shown in Table
1. Fisetin suppressed synthesis of these cytokines, but not
of IL-6 or IL-8, at a dose of 30 umol/L. Four independent
experiments revealed that the inhibitory concentration of
50% (ICs) of fisetin was 19.1 = 4.9 pmol/L for IL-4,
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B-actin

FIG 2. Fisetin inhibits the expression of IL-4, IL-13, and IL-5 mRNAs in KU812 cells. A, The cells (5 x 105 cells)
were first incubated without (nothing) or with fisetin (3 or 30 umol/L) for 30 minutes and stimulated with
A23187 (1 umol/L) or an equivalent amount of diluted DMSO (without stimulation) for 3 hours. RNAs were
obtained, and the expression of IL-4, IL-13, IL-5, IL-6, IL-8, IL-1B, and B-actin transcripts was examined by
means of RT-PCR. B, Hierarchy of the inhibitory effect of flavonoids on IL-4 and IL-5 mRNA expression by
KU812 cells. The cells (5 x 105 cells) were first incubated without (nothing) or with each of the flavonoids
(30 umol/L) or an equivalent amount of diluted methanol (Methanol) for 30 minutes and stimulated with
A23187 (1 umol/L) or an equivalent amount of diluted DMSO (without stimulation) for 3 hours. The expres-
sion of IL-4, IL-5, and B-actin mRNA was examined by means of RT-PCR.

TABLE I. Fisetin inhibits IL-4, IL-5, and IL-13 production by KU812 cells

Cytokine production (pg/mL)

IL-4* IL-5 IL-6 IL-8 I-13

Stimulant
Nothing <65 <5
A23187 + PMA 3298 + 299 113+ 15
A23187 + PMA + fisetin (3 umol/L) 2843 + 1457 100 + 1 21,199 + 680 12,173 £ 1762 149 £ 1.7
A23187 + PMA + fisetin (30 umol/L) 171 £ 1267 53+04% 21,592 + 1837 14,520 + 1051 20+0.2
Cell density (cells/mL) 3 x 106 3 x 106 106 100 3 x 100

277 + 38
21,170 = 5998

320 + 155 <L5
12,951 + 1707 16545

KU812 cells (106 cells/mL or 3 x 106 cells/mL) were incubated with the indicated reagent for 6 hours (IL-4 and IL-6) or 24 hours (IL-5, IL-8, and IL-13), and

cytokine concentration in the culture supernatant was measured by means of ELISA. The data are shown as means + SD.

*Femtograms per milliliter.
P <.05.
P < .01

17.7 = 8.1 umol/L for IL-5, and 17.4 £ 10.7 umol/L for
IL-13 and that the ICs, of other flavonoids, including
kaempferol and quercetin, was greater than 30 pumol/L.

Fisetin suppresses IL-4 and IL-13 synthesis by
peripheral blood basophils

Peripheral blood basophils from patients sensitized
with Japanese cedar or those from healthy blood donors
were stimulated with allergen or anti-IgE antibody in the
absence or presence of flavonoids for 6 or 24 hours to
examine whether this inhibitory effect of fisetin might be
found in normal basophils. As shown in Fig 3, A, at 6 and
24 hours’ culture, the presence of fisetin significantly

reduced IL-4 production by human basophils through
allergen stimulation (IC5y = 4.8 + 0.4 umol/L; n = 3) or
anti-IgE antibody stimulation (IC55 = 5.1 = 2.1 umol/L;
n = 3), confirming the inhibitory effects of fisetin on IL-
4 production in KU812 cells. The presence of myricetin,
however, showed a less inhibitory effect than fisetin
(IC5y=>30 umol/L; n = 3) but a substantial effect on IL-
4 synthesis at a higher concentration. The synthesis of
IL-13 was not detected in the supernatants from allergen-
stimulated basophils at 6 and 24 hours’ culture or from
anti-IgE antibody-stimulated basophils at 6 hours’ cul-
ture. However, the incubation of basophils with anti-IgE
antibody for 24 hours caused production of detectable
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FIG 3. Fisetin inhibits IL-4 and IL-13 mRNA expression and synthesis by purified basophils. A, Purified
human basophils (0.2 to 1 x 108 cells/mL) were first incubated with fisetin or myricetin at a dose of 1 to 30
umol/L or an equivalent amount of diluted methanol for 30 minutes and further stimulated with an allergen
(cedar pollen extract-Cj; 10 ng/mL) for 6 and 24 hours. The concentration of IL-4 in the supernatant was mea-
sured by means of ELISA. B, Purified basophils (0.2 to 1 x 108 cells/mL) were first incubated with fisetin or
myricetin at a dose of 1 to 30 umol/L or an equivalent amount of diluted methanol for 30 minutes and fur-
ther stimulated with anti-IgE antibody (1 pg/mL) for 6 and 24 hours. The concentration of IL-4 and IL-13 in

the supernatant was measured by means of ELISA.

C, Purified basophils (2 x 106 cells/mL) were first incu-

bated without or with fisetin or myricetin at a dose of 3 or 10 umol/L for 30 minutes and further stimulated
with anti-IgE antibody (1 ug/mL) for 3 hours. RNAs were obtained, and the expression of IL-4, IL-13, and B-
actin transcripts was examined by means of RT-PCR. The graph (Fig 3, A and B) represents the mean con-
centration + SD from 3 different donors. *P < .05; **P < .01.

IL-13 synthesis, and fisetin showed a similar inhibition
on IL-13 production (IC55 = 6.2 + 0.2 umol/L; n = 3).
RT-PCR could be used to detect the inhibitory effect of
fisetin at a dose of 10 wmol/L on IL-4 and IL-13 mRNA
expression by peripheral basophils in response to anti-
IgE antibody (Fig 3, C).

Fisetin suppresses NFAT-DNA binding activi-
ty in activated KU812 cells

To investigate the mechanism of flavonoid inhibition
in cytokine expression, we examined the NFAT-DNA
binding activity by EMSAs. Because of the difficulty in
obtaining enough normal purified basophils for this
experiment, we used KU812 cells. A protein-DNA com-
plex was formed with nuclear lysates from KU812 cells
and NFAT consensus probe, with greater binding intensi-
ties detected in the lysates of activated cells (Fig 4, A).
This induced binding activity was specific for the NFAT
recognition motif because competition with nonradioac-
tive NFAT oligonucleotide eliminated the DNA binding
activity, whereas unrelated oligonucleotide did not, and
an antibody to NFATc2 (NFAT1) supershifted the pro-
tein-DNA complex. The AP-1 consensus probe also

blocked the NFAT-DNA binding activity (Fig 4, B and C)
because AP-1 forms part of the NFAT complex.26:31 In
the presence of fisetin, the NFAT-DNA binding activity
was markedly suppressed, whereas in the presence of
myricetin, it was not. Under the same conditions, 1000
ng/mL cyclosporin A completely blocked nuclear NFAT
induction (Fig 4, A). This result raises the possibility that
fisetin inhibits IL-4, IL-13, and IL-5 synthesis through its
suppression of NFAT activation.

DISCUSSION

In this study we have demonstrated a novel activity of
fisetin in the inhibition of IL-4, IL.-13, and IL-5 genera-
tion by both human basophils in response to cross-linkage
of FceRI and a basophilic cell line stimulated by A23187
(plus PMA). Kaempferol and quercetin had similar but
less inhibitory effects on the expression of these cytokines
by KUS812 cells. This suppressive function of fisetin is
potentially interesting because these cytokines produced
from basophils (or mast cells) on activation are believed
to be associated with the development of allergic inflam-
mation, as well as IgE synthesis.!-3 Previous reports have
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FIG 4. EMSA showing the inducibility of NFAT in KU812 cells by A23187 and the inhibitory effect of fisetin
on NFAT-DNA binding activity. A, EMSA was performed with a 32P-labeled NFAT probe and nuclear proteins
(10 ug) from KU812 cells unstimulated or stimulated with A23187 for 2 hours in the presence of fisetin or
myricetin or 1000 ng/mL cyclosporin A. B, Competition (50 times molar excess of the labeled oligonu-
cleotide) was performed by adding the unlabeled NFAT probe or AP-1 probe or unrelated cold GATA-3
probe. C, Supershift EMSA was performed with A23187-stimulated nuclear proteins isolated from KU812
cells. Antibodies (4 ng) specific for NFATc1, NFATc2, and GATA-3 proteins were added to the reaction mix-
ture and incubated for 30 minutes on ice before the addition of a labeled oligonucleotide. Data are repre-
sentative of 3 independent experiments.

identified kaempferol, quercetin, rutin, and fisetin as
inhibiting histamine release or hexosaminidase by human
basophils or the rat basophilic cell line RBL.!8:19 We con-
firmed that flavonoids used in this study substantially
inhibited histamine release by peripheral blood basophils
stimulated through FceRI (data not shown). Its biologic
properties of inhibiting these cytokines and chemical
mediators make fisetin a potential candidate for a novel
antiallergic substance targeting basophils.

Among the cytokines examined, fisetin specifically
inhibited IL-4, IL-5, and IL-13 expression but not IL-6
and IL-8 by KU812 cells, suggesting that fisetin regu-
lates the transcriptional activation of these cytokines.
Cytokine gene transcription is regulated by cis elements
and transcriptional DNA binding factors. The observa-
tions that fisetin reduces the expression of IL-4, IL-5, and
IL-13 without any effect on IL-6 and IL-8 expression
suggests that fisetin suppresses the activation of certain
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common specific nuclear factors that positively regulate
IL4, IL5, and IL13 gene activation or induce repressor
proteins. The NFAT family plays a key role in inducing
many cytokine genes in T cells, including IL2, IL4, IL5,
IL13, IFNG, TNFA, and GMCSF, and many studies have
also identified NFAT-dependent cytokine gene expres-
sion in cells other than T cells, including B cells,
hematopoietic cells, and rodent mast cells.31:32 With
regard to cytokine production, recent observations that
immunosuppressive drugs, such as cyclosporin A or
FK506, inhibit both anti-IgE antibody and calcium
ionophore—induced IL-4 and IL-13 production from
basophils or mast cells suggest that these stimuli use a
calcium-dependent calcineurin pathway for the genera-
tion of these cytokines.31:32 In our study we were able to
show that, in fact, an NFAT-DNA complex was formed
with nuclear lysates from KUS812 cells and was detected
with greater binding intensity in the lysates of activated
cells. Fisetin suppressed the NFAT-DNA binding activity
markedly, whereas myricetin did not, suggesting that
fisetin might partly affect the calcium/calmodulin-cal-
cineurin-NFAT pathway for the generation of these
cytokines by KU812 cells. Nishino et al33 reported that
quercetin could interact directly with a calmodulin, the
CaZ*-sensing protein, and we confirmed that fisetin could
also bind with it (data not shown). Another explanation
of the inhibitory effects of fisetin is that it might modu-
late the function of calmodulin and affect some
Ca/calmodulin-dependent enzymes other than cal-
cineurin, which regulate transcriptional activation of
these cytokines in addition to NFAT inhibition. Schroed-
er et al34 have recently demonstrated the involvement of
NFAT in the generation of IL-4 by anti-IgE
antibody-stimulated normal basophils. Among 3 iso-
forms of NFAT checked, NFAT2 (NFATc1) was abun-
dantly involved in EMSA assay by human basophils.
However, in our assay NFAT1 (NFATc2) appeared to a
predominant isoform in KU812 cells. These results
might come from the difference of cell type (cell line vs
normal cell), but further study will be needed to clarify
this point. In addition, whether flavonoids could affect
other FceRI-mediated signaling pathways or show simi-
lar inhibition on NFAT activation in normal basophils is
yet to be determined.

Flavonoids are naturally occurring polyphenolic com-
pounds with a wide distribution in the plant king-
dom,!6.17 but daily intake of flavonoids remains
controversial. It is thought that the average daily US diet
contains approximately 1 g of flavonoids. Quercetin is
usually included at a high concentration in these materi-
als, and it has been suggested that it is consumed at a rate
of at least 50 mg/d.!¢ In contrast, the average intake of
flavonoids was found to be only 23 mg/d in The Nether-
lands.35 The fisetin content of most food items and its
daily consumption, however, are still unknown as far as
we know. Oral intake of substances, including higher
amounts of fisetin or other flavonoids, might result in
improvement of allergic symptoms or prevent develop-
ment of allergic diseases.3¢ We have, in fact, demonstrat-
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ed that oral administration of astragalin, which is
absorbed after being converted into kaempferol, sup-
presses the onset of dermatitis in NC/Nga mice.21.22
More extensive screening of this class of compounds and
preparation of synthetic analogues might thus yield mol-
ecules with increased potency and efficacy that could be
useful for patients with allergic disease. We hope that the
evidence presented here might contribute to the clinical
application of these flavonoids as alternative and com-
plementary therapeutic agents for allergic diseases.
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