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Abstract

Medulloblastoma, the most common malignant brain tumor in children, is a highly metastatic disease, with up to 30% of

children having evidence of disseminated disease at presentation. Recently, the hepatocyte growth factor (HGF) and its

receptor, the tyrosine kinase Met, have emerged as key components of human medulloblastoma growth and metastasis,

suggesting that inhibition of this pathway may represent an attractive target for the prevention and treatment of this

disease. Using immunoblotting procedures, we observed that the dietary-derived flavonols quercetin, kaempferol, and

myricetin inhibited HGF/Met signaling in a medulloblastoma cell line (DAOY), preventing the formation of actin-rich

membrane ruffles and resulting in the inhibition of Met-induced cell migration in Boyden chambers. Furthermore,

quercetin and kaempferol also strongly diminished HGF-mediated Akt activation. Interestingly, the inhibitory effects of

quercetin on the tyrosine kinase receptor Met [half-maximal inhibitory effect (IC50) of 12 mmol/L] or on the Met-induced

activation of Akt (IC50 of 2.5 mmol/L) occurred at concentrations achievable through dietary approaches. These results

highlight quercetin, kaempferol, and myricetin as dietary-derived inhibitors of Met activity and suggest that this inhibitory

effect may contribute to the chemopreventive properties of these molecules. J. Nutr. 139: 646–652, 2009.

Introduction

Brain tumors are the second most common pediatric cancer,
accounting for .26% of childhood cancer deaths (1). Medul-
loblastoma is the most common of these malignant tumors (2)
and represents up to 40% of all cerebellar tumors in childhood
(3). The treatment outcome for medulloblastoma is relatively
low, resulting in a 5-y survival rate of 50–60% (4). Medullo-
blastoma is a highly metastatic disease (up to 30% of children
have evidence of disseminated disease at presentation) (3) and
despite whole brain and spinal radiation for prevention and
dissemination, almost one-half of the patients die of early tumor
recurrence (4). Furthermore, most survivors suffer from sequelae
such as devastating cognitive effects, growth impairment as a
result of hormone deficiency, early puberty development, and
compromised spinal growth (5).

The targeting of tumor cell signaling pathways has re-
cently been proposed as an alternative to conventional cytotoxic
approaches for the treatment of medulloblastoma (5). Among
these, tyrosine kinase receptors (RTK)4 such as epidermal growth
factor receptor (ERBB)-2, platelet-derived growth factor recep-
tor, and the insulin-like growth factor receptor I are all associated
with poor prognosis in medulloblastoma (4). ERBB-2 was
particularly studied, because its expression was correlated with
amore advancedmetastatic stage (6) and phase I and II trialswith
erlotinib (an inhibitor of ERBB-2 signaling in human medullo-
blastoma cells both in vitro and in vivo) is actually underway in
theChildren’sOncologyGroupand theUSPediatric BrainTumor
Consortium (5). More recently, the hepatocyte growth factor
(HGF) and its receptor, Met, have emerged as a new pathway
involved in the growth of human medulloblastoma (7,8). Met
activation throughHGFbinding is alreadyknown toplay a role in
the regulation of cell growth, morphogenesis, angiogenesis, and
cell motility in a wide variety of human carcinomas and its
expression correlates with poor prognosis (9). The importance of
Met in tumor growth has led to the development of tyrosine
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kinase inhibitors and monoclonal antibodies that block the
activation ofMet and some of these compounds are already being
tested in clinical trials (10).

In addition to these promising anticancer therapeutic ap-
proaches, considerable emphasis has lately been placed on
chemoprevention, especially with naturally occurring products
found in the diet. Abundant intake of a variety of fruit and
nonstarchy vegetables has been proposed as a key lifestyle fac-
tor for the prevention of a wide variety of cancer types (11).
Although the chemopreventive effects of fruits and vegetables
remain incompletely understood, the National Cancer Institute
has determined in laboratory studies that .1000 different
phytochemicals possess cancer-preventive activity and it is
estimated that there could be as much as 100 different of these
phytochemicals per serving of vegetables (12). Among these,
flavonoids are now recognized as potent inhibitors of an array of
RTK such as ERBB-1 (13), ERBB-2 (14), platelet-derived growth
factor receptor (15), insulin-like growth factor receptor-I (16),
or the vascular endothelial growth factor receptor-2 (17) both
in vitro or in vivo. Following ingestion, these molecules are
bioavailable to a variety of tissues, including brain (18), and may
thus have important chemopreventive properties (12). The most
abundant flavonoids in the diet, flavonols, exhibit numerous bio-
logical and pharmacological effects, including anticancer-related
properties (19). The main flavonols are kaempferol, myricetin,
and quercetin (Supplemental Fig. 1), the latter being the most
abundant bioflavonoid found in a variety of plant-based foods
such as onions, apples, tea, broccoli, and red wine (20). Quercetin
may also be found in the glycoside form, e.g. as quercitrin
(Supplemental Fig. 1). By contrast, the distribution of kaemp-
ferol and myricetin is more restricted, with kaempferol being
found primarily in caper, kale cress, and broccoli whereas
myricetin is mainly present in fennel, parsley, and cranberries.
Although some studies have suggested an important inhibitory
potential of some flavonoids on the HGF/Met signaling pathway
(21–23), the influence of flavonols on the Met receptor remains
largely unknown.

Materials and Methods

Materials. Cell culture media were obtained from Wisent and serum
was purchased from Hyclone Laboratories. Flavonols kaempferol and
myricetin were obtained from Extrasynthèse, quercetin dihydrate and
quercitrin were purchased from Sigma, and the flavanol (-)-epigallocate-
chin gallate (EGCG) was obtained fromMP Biomedicals. Electrophoresis
reagentswereobtained fromBio-Rad.Theanti-Metandanti-phospho-Met
(Tyr 1234/1235) monoclonal antibodies and anti-Akt, anti-phospho-Akt
(Ser 473), anti-extracellular signal-regulated kinase (ERK)-1/2, and anti-
phospho-p44/42 MAPK (Thr 202/Tyr204) polyclonal antibodies were
from Cell Signaling Technology. Anti-mouse and anti-rabbit horseradish
peroxidase-linked secondary antibodies were purchased from Jackson
ImmunoResearch Laboratories and enhanced chemiluminescence reagents
were from PerkinElmer Life Sciences. Human recombinant HGF was
obtained from R & D Systems, the Texas Red phalloidin from Sigma,
and the Met kinase inhibitor SU11274 was purchased from EMD
Chemicals.

Cell culture. The human DAOY medulloblastoma cell line was
purchased from ATCC and was maintained in minimum essential me-
dium containing 10% (v:v) bovine calf serum, 2 mmol/L glutamine, 100
kU/L penicillin, and 100 g/L streptomycin. Cells were incubated at 37!C
with 95% air and 5% CO2. For experimental purposes, DAOY were
grown to confluence before overnight serum starvation without supple-
ments. Cells were treated with vehicle or with the different compounds
(flavonols and SU11274 diluted in dimethylsulfoxide or EGCG diluted in
100% ethanol) for 2 h and then stimulated with HGF.

Immunoblotting procedures. After treatment with HGF (50 mg/L,
3 min), DAOY were washed once with ice-cold PBS (pH 7.4) containing
1 mmol/L Na3VO4 and were incubated in this medium free of flavonoids
and HGF for 1 h at 4!C. Equal amounts of protein (10 mg) from cell
lysates were mixed in Laemmli sample buffer as described previously
(15) and resolved by SDS-PAGE by either a 7.5% gel (Met detections) or
10% (Akt and ERK detections). The proteins were transferred onto
polyvinylidene difluoride membranes, blocked overnight at 4!C in Tris-
buffered saline/Tween 20 (147 mmol/L NaCl, 20 mmol/L Tris/HCl, pH
7.5, and 0.1%Tween 20) containing 5% (wt:v) milk powder, and probed
with primary antibodies (Met, pMet, Akt, pAkt, ERK, pERK) for 1 h at
room temperature. Immunoreactive bands were revealed after a 1-h incu-
bationwith horseradish peroxidase-conjugated anti-mouse or anti-rabbit
IgG, and the signals were visualized by enhanced chemiluminescence.

Migration assays. Transwells (8-mm pore size; Costar) were precoated
with 0.15% gelatin in PBS by adding 600/100 mL in the lower/upper
chambers overnight at 4!C. The Transwells were then washed with PBS
and assembled into 24-well plates. The upper chamber of each Transwell
was filled with 50 mL of cells (1.0 3 109 cells/L) and DAOY were
allowed to adhere for 45 min. The monolayers were then treated for
2 h by adding 50 mL of 2-fold concentrated flavonoids (kaempferol,
quercetin, myricetin, quercitrin, or EGCG) solution prepared in serum-
free medium into the upper chamber and 600 mL of the compound
solution (13) into the lower chamber. After 2 h, HGF (20 mg/L) was
added to the lower chamber as a chemoattractant. The plate was placed
at 37!C in 5% CO2/95% air for another 3 h. Cells that had migrated to
the lower surface of the filters were fixed, stained, and migrations were
then quantified as described previously (24).

Fluorescence and confocal microscopy. DAOYwere plated on cover
glasses coated with 0.15% gelatin-PBS; serum-starved overnight; treated
with the vehicle, the flavonols (10 mmol/L), or SU11274 (1 mmol/L) for
2 h; and then stimulated (or not) with 50 mg/L HGF for 1 h. Cells were
fixed with 3.7% formaldehyde for 15 min, permeabilized with 0.2%
Triton X-100 for 5 min, and stained for the actin cytoskeleton with a
1/2500 dilution of Texas Red phalloidin (Sigma) for 30 min. Slides
were mounted with Immuno-FluoreMounting medium (MP Biomedicals)
and staining was visualized and photographed using a Zeiss LSM 510
Meta confocal microscope.

Cell adhesion assays. Overnight, 96-well plates were precoated with
0.15% gelatin-PBS at 4!C. Wells were then blocked by adding a solution
of PBS/bovine serum albumin 0.5% for 1 h at room temperature and
then washed with 100 mL of adhesion buffer Eagle’s minimum essential
medium serum-free medium (0.2% bovine serum albumin, 15 mmol/L
HEPES, and 0.12% NaHCO3). Meanwhile, DAOY were harvested by
incubation with 0.53 mmol/L EDTA in PBS, pH 7.2, for 10–15 min at
37!C. EDTAwas neutralized by the addition of adhesion buffer and cells
were centrifuged at 10003 g; 3 min. Then 5 3 104 cells were added per
well and allowed to adhere on gelatin or plastic with or without the
vehicle, the flavonols, or SU11274 for 2 h at 37!C. Cells were then fixed,
washed, stained, and lysed (25). Spectrophotometric absorbance was
then measured at 600 nm.

Statistical analysis. The data are presented as means 6 SEM and
statistical analysis was performed using 1-way ANOVA with a post
hoc Dunnett’s test. Differences with P , 0.05 were considered
significant.

Results

Quercetin, myricetin, and kaempferol inhibit Met phos-
phorylation induced by HGF in DAOY. We first examined the
effect of dietary flavonols on the HGF-induced tyrosine phos-
phorylation of Met using a monoclonal antibody that recognizes
the phosphorylation of 2 tyrosine residues (1234/1235) that are
required for complete activation of the HGF/Met signaling
pathway (26). Quiescent DAOY were incubated for 16 h in
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serum-free medium, treated with the vehicle or the indicated
concentration of flavonols (quercitrin, quercetin, myricetin, and
kaempferol) for 2 h, and then stimulated with human recom-
binant HGF (50 mg/L) for 3 min. The green tea catechin EGCG
(Supplemental Fig. 1) was used as a positive control, because this
polyphenol successfully inhibits HGF signaling in the immor-
talized, nontumorigenic breast (MCF10A), in the invasive breast
carcinoma (MDA-MB-231) (21), and in the hypopharyngeal
carcinoma (FaDu) cell lines (23). Quercetin, myricetin, and
kaempferol dramatically reduced the phosphorylation of Met
induced by HGF at a concentration of 20 mmol/L, whereas
quercitrin had no effect (Fig. 1, top panels). Blotting the lysates
with an antibody directed against Met showed that the mole-
cules did not affect the amount of this receptor in the treated
cells (Fig. 1, middle panels). The half-maximal inhibitory effect
(IC50) of the various flavanols on HGF-induced Met phospho-
rylation was 12 mmol/L for quercetin and ;6 mmol/L for
myricetin and kaempferol. However, quercitrin did not inhibit
HGF-induced Met phosphorylation even at 20 mmol/L (Fig. 1,
top panels).

Low concentrations of quercetin and kaempferol inhibit
Akt phosphorylation induced by HGF in DAOY. Medullo-
blastoma is a highly metastatic cancer that is disseminated in up
to 43% of patients (3). Besides its role in cell survival and cell
proliferation, Met signaling is also a potent activator of the cell
invasive growth capacities (9). Met activation through HGF
association results in Akt and ERK-1/2 phosphorylation, thereby
promoting cell migration (10). To investigate whether the
inhibition of Met tyrosine phosphorylation by flavonols also
results in the inhibition of downstream intracellular signaling
events, we examined the effect of these molecules on the HGF-

induced Akt and ERK-1/2 phosphorylation. DAOYwere serum-
starved for 16 h before a 2-h treatment with the vehicle, the
flavonols, or EGCG as a positive control. The treatment was
followed by a 3-min stimulation with human recombinant HGF
(50 mg/L). Quercetin and kaempferol, at very low concentra-
tions, successfully inhibited Akt phosphorylation induced by the
activation of Met signaling (Fig. 2). In fact, the inhibition of Akt
phosphorylation occurs with an IC50 of 2.5 mmol/L for quercetin
and 5 mmol/L for kaempferol, whereas quercitrin and myricetin
did not inhibit this process. The inhibition of Akt phosphoryla-
tion by quercetin was lower than that observed with EGCG
(IC50 of 5 mmol/L). In addition, although EGCG successfully
inhibited ERK-1/2 phosphorylation, as previously reported for
HGF-induced Met activation in 2 breast cell lines (21), the
flavonols did not modulate ERK-1/2 phosphorylation induced
by Met activation (Supplemental Fig. 2).

Flavonols myricetin, kaempferol, and quercetin inhibit
HGF-mediated DAOY cell migration. The serine/threonine
kinase Akt is an important mediator of cell migration and
invasion in various cell types (27), including medulloblastoma
(5). Because quercetin and kaempferol inhibited HGF-induced
Met and Akt phosphorylation, we studied the effect of these
molecules on DAOY migration. Cells were allowed to adhere to
gelatin-coated Transwells and were incubated for 2 h with
different concentrations of flavonols before the addition of HGF
(20 mg/L) to the lower chambers. Under these conditions,
myricetin, kaempferol, and quercetin inhibited HGF-induced
migration of DAOY, but quercitrin had no effect (Fig. 3). We
next compared the efficacy of myricetin, kaempferol, and
quercetin in inhibiting DAOY migration to SU11274, a Met-
specific small molecule inhibitor that competes with the binding

FIGURE 1 Quercetin, myricetin, and kaempferol inhibit Met phos-
phorylation induced by HGF in DAOY. Quiescent DAOY were
incubated in serum-free medium for 16 h and then treated with the
vehicle, quercitrin, quercetin, myricetin, kaempferol, or EGCG with the
indicated concentrations of the molecules for 2 h. Cells were
stimulated with recombinant HGF (50 mg/L) for 3 min. Cell lysates
were prepared and analyzed by immunoblotting for phosphorylated
Met and total Met. GAPDH protein levels served as an internal
standard. Values indicate the ratio of phosphorylated Met:total Met
protein.

FIGURE 2 Low concentrations of quercetin and kaempferol inhibit
Akt phosphorylation induced by HGF in DAOY, which were serum-
starved for 16 h and then treated with the vehicle, quercitrin,
quercetin, myricetin, kaempferol, or EGCG at the indicated concen-
trations for 2 h. Cells were stimulated with recombinant HGF (50 mg/L)
for 3 min. Cell lysates were prepared and analyzed by immunoblotting
for phosphorylated Akt and total Akt. Total Akt and GAPDH protein
levels in cell lysates were detected as controls. Values indicate the
ratio of phosphorylated Akt:total Akt protein.
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of ATP to the kinase domain of the receptor (28). SU11274
was 10-fold more effective in the inhibition of HGF-mediated
migration, with an IC50 of;0.5 mmol/L compared with an IC50

of ;5 mmol/L for myricetin and kaempferol, and 20-fold more
effective than quercetin (IC50 of 10 mmol/L) (Fig. 3). These
results indicate that myricetin, kaempferol, and quercetin,
naturally occurring molecules, are within one order of magni-
tude as efficient as SU11274 at inhibiting HGF-induced DAOY
migration.

Treatment with the flavonols kaempferol, quercetin, and
myricetin or with the Met kinase inhibitor SU11274
prevents morphological changes induced by HGF in
DAOY. Upon HGF stimulation, Met activation induces several
biological responses such as the activation of the cell invasive

program, which results in cell morphological changes such as
actin reorganization (29). We sought to investigate whether
treatments of the cells with flavonols modified DAOY morphol-
ogy using confocal microscopy. DAOY grown on gelatin-coated
coverslips had a relatively uniform actin repartition as visualized
by phalloidin staining (Fig. 4). Stimulation of DAOY with 50
mg/L HGF for 1 h caused the formation of actin-rich membrane
ruffles at the cell periphery (indicated by arrows), a key event in
cell migration, and the formation of these ruffles was inhibited
by a 2-h treatment with SU11274 prior to HGF stimulation.
Interestingly, preincubation of the cells with kaempferol, quer-
cetin, or myricetin also inhibited actin relocalization induced
by HGF, whereas quercitrin had no effect. Overall, these data
indicate that the inhibition of the HGF signaling pathway by
the flavonols kaempferol, quercetin, and myricetin prevent the

FIGURE 3 Flavonols myricetin, kaempferol, and quercetin inhibit HGF-mediated DAOY cell migration. DAOY cells were pretreated with the
different flavonols, (A) myricetin, (B) kaempferol, (C) quercetin, and (D) quercitrin, at various concentrations for 2 h. Migration was initiated by
adding 20 mg/L of recombinant HGF for 3 h. The same protocol was used for the specific Met kinase inhibitor (E) SU11274. Migration was
quantified by counting the cells that crossed the membrane to the lower side of the filter with optical microscopy at magnification 350. The
number of cells that migrated was compared with that observed with untreated cells. Values are means of at least 3 independent experiments.
Asterisks indicate different from control: * P , 0.05; ** P , 0.01.

FIGURE 4 Kaempferol, quercetin, and myricetin prevent morphological changes induced by HGF in DAOY. DAOY (2 3 104 cells/well) were
seeded onto gelatin-coated coverslips in a 24-well plate. Cells were serum-starved overnight, treated for 2 h with the vehicle or the different
compounds, and then stimulated with 50 mg/L HGF for 1 h at 37!C. Cells were fixed and stained with Texas Red-conjugated phalloidin for actin.
Representative cell images were obtained by confocal microscopy.
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reorganization of the actin cytoskeleton and therefore interferes
with the morphological changes induced by HGF, leading to the
inhibition of medulloblastoma cell migration.

Discussion

In this study, we showed that low concentrations of quercetin,
myricetin, and kaempferol, but not quercitrin (quercetin-3-O-a-
rhamnoside), inhibit HGF-dependent phosphorylation of Met in
DAOY. To the best of our knowledge, this is the first study to
highlight the inhibitory effect of flavonols on this important
RTK. Because the HGF-induced Met activation was reported to
be inhibited in hepatoma cells with the flavone luteolin (22) and
in breast epithelial cells with the green tea catechins EGCG and
(-)-epicatechin gallate (21), these results strongly suggest that
this RTK may represent a key target of dietary-derived chemo-
preventive polyphenols. The inhibitory effect of quercetin and
kaempferol was associated with an impairment of Akt phos-
phorylation, a key downstream signaling event involved in the
cellular effects of Met. However, myricetin did not inhibit Akt
phosphorylation even though it inhibited HGF-induced Met
activation, thereby suggesting that the inhibition of other
intracellular kinases involved in Akt activation are likely to be
involved in the effect of quercetin and kaempferol on this
pathway.

Quercetin is known to act as a potent inhibitor of the
phosphatidylinositol-3-kinase (PI3K), which is essential for Akt
activation, and its structure was used as a model in the
development of the PI3K selective inhibitor LY294002 (30). Its
effect on Akt activation may thus be the sum of an effect on the
upstream signal (Met and PI3K inhibition) and on the Akt
phosphorylation (31). The loss of a hydroxyl group at position
3# in the B ring of quercetin (giving kaempferol) did not alter the
potential in inhibiting both Met and Akt activation, whereas the
addition of a hydroxyl group at position 5# in the B ring (giving
myricetin) kept the Met-specific inhibition while losing the Akt
inhibition (Supplemental Fig. 1). Furthermore, quercetin glyco-
sylation (giving quercitrin) inhibits its activity against Met and
Akt activation, suggesting that the sugar moiety interferes with
quercetin potential. Although the exact mechanisms underlying
the inhibitory effect of these flavonols on the HGF-induced Met
and Akt activation in DAOY remains to be determined, previous
work has demonstrated that quercetin binds directly to PI3K in
the ATP-binding pocket (32) and the green tea catechin EGCG
inhibits RTK activation by competing for the ATP-binding
pocket (33). It is thus tempting to speculate that a similar
mechanism is responsible for flavonol and EGCG activity
against Met activation. Interestingly, no effect on the phospho-
rylation of the p42MAPK and p44MAPK forms (ERK-1/2) was
observed in DAOY cells. These results stand in contrast to those
obtained by other groups who showed a decrease of ERK phos-
phorylation in JB6 mouse epidermal cells (34) or an increase in
ERK activity in A549 lung cancer cells (35) with quercetin.
These discrepancies are likely due to differences in experimental
conditions, notably the use of different cell types.

Importantly, the inhibition of Met by quercetin, myricetin,
and kaempferol was correlated with an inhibition of DAOY
migration, a crucial event implicated in medulloblastoma
metastasis. Interestingly, the Met kinase inhibitor SU11274
was only between 10 and 20 times more efficient than flavonols
in inhibiting migration, suggesting that low flavonol concentra-
tions may have an impact on cell migration in vivo. Further-
more, all flavonols (except quercitrin) as well as SU11274
prevent morphological changes induced by HGF in the DAOY

cell migration process, suggesting that the inhibition of Met
impairs cytoskeleton reorganization events underlying migra-
tion. However, flavonols do not antagonize the cell migration
process through the upregulation of cell adhesion (data not
shown) as previously demonstrated with EGCG in DAOY (25).

Dietary flavonol intake is estimated to be between 20 and 35
mg/d, of which quercetin represents the predominant flavonol
(36). Quercetin naturally occurs as a glucoside or as various
glycoside forms that are either hydrolyzed by intestinal enzymes
or by the colonic microflora before they can be absorbed (37).
Quercetin is of particular interest, because micromolar plasma
concentration is achievable through diet. Graefe et al. (38)
showed that an onion supplement consisting of 160 g stewed and
homogenized onions, which provided 331 mmol/L of quercetin
glucosides (equivalent to 100 mg quercetin), was sufficient to
observe a quercetin plasma peak concentration of 7.6 mmol/L.
Furthermore, one characteristic feature of quercetin bioavaila-
bility is that the elimination of quercetin metabolites is quite
slow, with reported half-lives ranging from 11 to 28 h. This is
particularly interesting, because this could favor accumulation
in plasma with repeated intakes (36). These observations thus
suggest that the inhibitory effect of quercetin on the RTKMet or
on the Met-induced Akt activation occurs at concentrations
achievable through dietary approaches (IC50 of 10 mmol/L for
Met and 2.5 mmol/L for Akt).

Importantly, in in vitro and in situ models of the blood-brain
barrier, it was demonstrated that quercetin was able to enter
different regions of the brain as a substrate of P-glycoprotein, a
blood-brain barrier efflux transporter (39). This is in agreement
with animal feeding studies that provide evidence that other
flavonoids, such as the tea flavanol EGCG, may access the brain
following oral administration to mice (40). Rats fed blackberry
(41) or blueberry (42) extracts rich in anthocyanidins had intra-
cerebral localization of the molecules. Together, these results
suggest that quercetin, among other dietary flavonoids, may
access the brain after oral ingestion in humans. Although the
potential chemopreventive effects of polyphenols on pediatric
brain tumor development remain poorly understood, it is
noteworthy that a goodmaternal diet during pregnancy, including
high consumption of fruits and vegetables, had a strong
protective dose-response relation on the risk of pediatric brain
tumors (43), whereas a high consumption of unhealthy foods,
such as French fries, had a significant increased odds ratio (44).
Our results also suggest that, given the high rate of cancer
recurrence within 5 y for medulloblastoma survivors (;40%), a
diet rich in flavonol-containing foods may play a crucial role in
the secondary prevention of these tumors.

The use of drug combinations to circumvent tumor resistance
is a well-established principle of cancer therapy (45). Recent
advances indicate that Met and EGFR in glioma cells act as
independent and redundant inputs to intracellular signaling
networks, suggesting that single-target inhibition of either Met
or EGFR would be ineffective (46). Because EGFR and nowMet
are implicated in medulloblastoma aggressiveness, phytochem-
icals such as quercetin that target both RTK (47) may thus
circumvent this limitation and inhibit tumor cell progression
more effectively. Furthermore, quercetin-rich foods also contain
plenty of other phytochemicals that may act synergistically with
quercetin and increase its chemopreventive activity. For exam-
ple, broccoli, a rich source of quercetin, also contains high levels
of sulforaphane, an isothiocyanate that inhibits angiogenesis
through the inhibition of metalloproteinase-9-activated human
brain microvascular endothelial cell migration and tubulo-
genesis (48) and induces medulloblastoma cell apoptosis (49).
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In summary, these results suggest that flavonols, at concen-
trations achievable through diet, inhibit DAOY cell migration
by affecting both Met and Akt (but not on ERK-1/2) as well as
the cell actin cytoskeleton and that these effects may prevent
invasion and metastasis by these cells. Further studies aimed
at the identification of the beneficial effects of flavonols on
medulloblastoma growth in vivo should provide interesting
information on the clinical usefulness of these dietary-derived
molecules in the prevention of pediatric brain tumors.
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