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Medulloblastoma Cell Invasion Is Inhibited by
Green Tea (—)Epigallocatechin-3-Gallate
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Abstract Epigallocatechin-3-gallate (EGCG), the major green tea polyphenol, can reach the brain following oral
intake and could thus act as an anti-tumoral agent targeting several key steps of brain cancer cells invasive activity.
Because integrin-mediated extracellular matrix recognition is crucial during the cell adhesion processes involved in
carcinogenesis, we have investigated the effects of EGCG on different cellular integrins of the pediatric brain tumor-
derived medulloblastoma cell line DAOY. Using flow cytometry, we report the levels of expression of several cell surface
integrins in DAOY. These include high expression of a2, a3, and B1 integrins, as well as av and B3 integrins. Moreover,
we provide evidence that EGCG can antagonize DAOY cell migration specifically on collagen by increasing cell adhesive
ability through specific gene and protein upregulation of the B1 integrin subunit. Our results suggest that this naturally
occurring green tea polyphenol may thus be used as a nutraceutical therapeutic agent in targeting the invasive character of

medulloblastomas. J. Cell. Biochem. 90: 745-755, 2003.
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Brain tumors are the second leading cause of
cancer in children. Among these tumors, the
highly metastatic medulloblastomas represent
approximately 25% of all pediatric intracranial
neoplasms [Saran, 2002]. These neoplasms
arise from the cerebellum and mainly affect
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children between ages 5 and 15 [Weil, 2002].
Medulloblastomas are currently treated by
surgical intervention, generally combined with
aggressive chemotherapy [Kaaijk et al., 2003;
Mazzola and Pollack, 2003]. However, the 6-
year survival rate of children with medulloblas-
toma still remains at only 14—17% [Hage et al.,
2002]. Consequently, new clinical approaches
need to be developed in order to improve the
efficiency of current treatments.

Nutraceutical approaches have recently been
the focus of attempts to treat several diseases
such as osteoarthritis [Moreau et al., 2003],
asthma [Hosseini et al., 2001], age-related
diseases [Villeponteau et al., 2000], and cancer
[Park and Pezzuto, 2002]. Among these nutra-
ceutical substances, green tea has been lauded
for various beneficial health effects [Sato and
Miyata, 2000]. It has also been shown that
intake of green tea polyphenols inversely corre-
lated with cardiovascular mortality, hyperten-
sion, and diabetes [Dufresne and Farnworth,
2001]. Moreover, green tea can also modulate
the invasive properties of numerous tumor cells
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and prevent cancer [Kuroda and Hara, 1999;
Mukhtar and Ahmad, 1999; Demeule et al.,
2002]. Although the invasiveness of tumor cells
strongly depends on their ability to migrate and
to adhere to their extracellular matrix (ECM)
environment, little is known about the mole-
cular processes involved in brain cancer cell
adhesion/migration or their modulation by
green tea.

Cell adhesion is primarily mediated by a
particular class of proteins called integrins.
These are cell surface ap-heterodimeric glyco-
proteins of which, to date, 24 o heterodimers
formed by eight different f and 18 o subunits are
known [Brakebusch et al., 2002]. Integrins bind
to various ECM proteins such as collagen,
fibronectin, laminin, and vitronectin, and their
binding activates important intracellular sig-
naling pathways that regulate, among other
events, cell proliferation, and cell migration
[Juliano, 2002]. Their functions have been
implicated in processes such as development,
the immune response, hemostasis, and main-
tenance of tissue integrity. Dysregulation of
integrins functions is reflected in wvarious
pathological processes by chronicinflammation,
tumor invasion, and metastasis [Hynes, 1992;
Hemler, 1998]. Because integrins play a central
role in tumor metastasis and tumor angiogen-
esis, they may thus represent crucial, specific
targets for anti-tumoral treatments.

Green tea catechins, and in particular epi-
gallocatechin-3-gallate (EGCG), have been
demonstrated to reach the brain after oral
intake [Nakagawa and Miyazawa, 1997; Suga-
numa et al., 1998]. One may thus assume that
brain tumors such as medulloblastomas may be
affected by the anti-tumoral activities of EGCG
[Demeule et al., 2002]. In the present work, we
demonstrate that EGCG can affect in vitro
DAOY medulloblastoma cell adhesion/migra-
tion properties, and that these modulations are,
in part, attributed to a differential expression of
specific cell surface integrins, notably 1 integ-
rin. These findings suggest that EGCG could
act as an efficient anti-tumoral agent by re-
gulating DAOY medulloblastoma cell adhesion
properties.

MATERIALS AND METHODS
Reagents

Modified Eagle’s medium (MEM), TRIzol re-
agent, trypsin, penicillin, and streptomycin

were purchased from Invitrogen (Burlington,
Ont.). Fetal bovine serum (FBS) was from
HyClone Laboratories (Logan, UT). Fibronectin
was from Roche (Mississauga, Ont.). Type I
collagen was extracted from rat tail tendon
according to standard protocols [Silver and
Trelstad, 1980]. Vitronectin was prepared as
previously described [Yatohgo et al., 1988].
EDTA, (—)epigallocatechin (EGC), EGCG, agar-
ose, laminin-1, sodium dodecyl-sulfate (SDS),
bovine serum albumin (BSA), and etoposide
were purchased from Sigma (Oakville, Ont.).

Antibodies

Rat mAb 69.6.5 against av integrin was
produced as previously described [Lehmann
et al., 1994]. Mouse mAbs Gi9 (anti-a2),
C3VLAS3 (anti-a3), HP2/1 (anti-a4), K20 (anti-
B1), SZ21 (anti-B3), and rat mAb GoH3 (anti-a6)
were from Immunotech (Marseille, France).
Mouse mAbs FB12 (anti-al), P1D6 (anti-ob),
and LM609 (anti-avp3) were from Chemicon
(Temecula, CA). The mouse mAb CSpB6 (anti-6)
was kindly provided by Dean Sheppard (Uni-
versity of California, San Francisco, CA). Goat
anti-mouse FITC-conjugated antibodies were
obtained from Jackson Immunoresearch (West
Grove, PA). Sheep anti-rat FITC-conjugated
antibodies were from Sigma (St. Louis, MO).

Cells and Culture Medium

The human DAOY medulloblastoma cell line
was purchased from ATCC and was maintained
in MEM containing 10% (v/v) FBS, 2 mM
glutamine, 100 U/ml penicillin, and 100 mg/ml
streptomycin. Cells were incubated at 37°C,
with 95% air and 5% CQO,. Subconfluent cells
were used for all experiments. All treatments
were performed in serum-free MEM for 18 h.

Cell Adhesion Assays

Adhesion assays were performed as pre-
viously described [Rigot et al., 1998]. Briefly,
adhesion wells were coated with purified ECM
protein solutions for 2 h at 37°C, then blocked by
adding a solution of PBS/BSA 0.5%. Cells were
harvested as a single cell suspension by treat-
ment with 0.53 mM EDTA in PBS pH 7.2, added
to precoated wells and allowed to adhere to the
substrata for 2 h at 37°C. After washing,
adherent cells were stained with a solution of
0.1% crystal violet/20% (v/v) methanol and lysed
with 1% SDS. Spectrophotometric absorbance
was then measured at 600 nm.
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Migration Assays

The lower surface of Transwell filter inserts
(8 pum pore size; Costar, Acton, MA) was pre-
coated with type I collagen, laminin-1, vitronec-
tin, or fibronectin, at a concentration of 10 pg/
ml, for 2 h at 37°C. The Transwells were then
assembled in a 24-well plate (Falcon, BD
Biosciences, Mississaoga, ON), the lower cham-
bers were filled with 600 ul of serum-free
medium, and 100 pl of DAOY medulloblastoma
cells (5 x 10° cells/ml) were inoculated into the
upper chamber of each transwell. The plate was
then left at 37°C in 95% air and 5% CO,, for 2 h.
Cells that had migrated to the lower surface of
the filters were fixed, stained with 0.1% crystal
violet/20% (v/v) methanol, and counted. Five
random microscopic fields were counted at a
magnification of x200.

Flow Cytometry Analysis

Cell surface expression of integrin subunits
on DAQY cells was measured by flow cytometry
[Rigot et al., 1998]. Subconfluent cells were
harvested and resuspended in MEM containing
20% FBS and 1% BSA. The single cell suspen-
sion (10° cells/ml) was incubated for 1 h at 4°C in
the presence of anti-integrin mAbs (10 pg/ml
each). Cells were rinsed once and then incu-
bated in the same buffer with an appropriate
secondary FITC-conjugated antibody for 1 h at
4°C. After washing, cells were fixed with 1%
paraformaldehyde and cell-bound fluorescence
was quantified using a Becton-Dickinson FACS-
can flow cytometer. To standardize our experi-
mental conditions, all samples were prepared
with the same cell suspension.

Fluorimetric Caspase-3 Assay

Cells which had been treated with either
50 pM etoposide, 10 or 20 uM of EGC or EGCG
were collected and washed in cold PBS. Cells
were lysed in Apo-Alert lysis buffer (Clontech,
Palo Alto, CA) for 20 min at 4°C, and the lysates
were further clarified by centrifugation at
16,000g for 20 min. Caspase-3 activity was
determined by incubation with 50 uM caspase-
3 specific fluorogenic peptide substrate acetyl-
Asp-Glu-Val-Asp-7-AFC  (Ac-DEVD-AFC) in
50 mM HEPES pH 7.4, 100 mM NaCl, 10%
sucrose, 0.1% 3-[(3-cholamidopropyl)dimethy-
lammonio-1-propane-sulfonate], 5 mM DTT,
and 1 mM EDTA (assay buffer) on 96-well
plates. The release of AFC (Ao =400 nm, Agy =

505 nm) was monitored for at least 20 min at
37°C on a SpectraMAX Gemini fluorescence
plate reader (Molecular Devices, Sunnyvale,
CA).

Total RNA Isolation and Reverse
Transcriptase-Polymerase Chain
Reaction (RT-PCR)

Total RNA was extracted from cultured
DAOY medulloblastoma cells using the TRIzol
Reagent. RT-PCR reactions were performed
using the SuperScript™ One-Step RT-PCR
with Platinum®™ Taq Kit from Invitrogen. RT-
PCR reactions were performed with specific
oligonucleotide primers derived from human
sequences [Bell et al., 2001], and PCR condi-
tions were optimized so that the gene products
were obtained during the exponential phase of
the amplification. PCR products were resolved
on 1% (w/v) agarose gels containing 1 pg/ml
ethidium bromide.

RESULTS

EGCG Specifically Decreases DAOY
Cell Migration on Collagen

We previously demonstrated the capability of
EGCG to inhibit several key processes involved
in the invasive properties of brain tumor-
derived U-87 glioblastoma cells [Annabi et al.,
2002]. These included inhibition of soluble
proMMP-2 and inhibition of MT1-matrix metal-
loproteinases (MMP) mediated cell invasion.
Consequently, we sought to learn whether
EGCG could also affect the migratory potential
of medulloblastoma DAQY cells, a highly inva-
sive pediatric brain tumor-derived cell line. We
first determined the ECM specificity and basal
migratory potential of DAQY cells using mod-
ified Boyden chambers with porous filters
coated with purified ECM proteins. We found
that DAQY cells displayed a stronger migratory
potential towards collagen and vitronectin than
to any other ECM protein, with laminin being
the matrix protein towards which DAOY
migrated the least (Fig. 1A). EGCG treatment
of DAOY cells specifically inhibited cell migra-
tion on collagen in a dose-dependent manner,
while no significant effect was observed on the
other three substrates tested (Fig. 1B). A dose of
10 uM was found to inhibit approximately by
halfDAQY cell migration. Furthermore, EGC, a
catechin that we previously reported not to
affect U-87 glioma cell migration [Annabi et al.,
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Fig. 1. Green tea catechin epigallocatechin-3-gallate (EGCG)
specifically inhibits DAOY cell migration on collagen. A:
Haptotaxis assays were performed in a transwell chamber, the
lower surface of which was coated with either type | collagen,
fibronectin, vitronectin, or laminin-1 at 10 pg/ml. B: DAOY cells
were treated (or not) with increasing concentrations of EGCG (@)
or (—)epigallocatechin (EGC, O) for 18 h. Single cell suspension
(5 x 10" were seeded onto the upper surface of transwells and

2002] did not affect DAOY migration on any of
the ECM substrates tested. We conclude that
EGCG specifically inhibits DAOY cell migration
on collagen and that the gallate moiety of EGCG
may, in part, be a crucial structural feature
involved in this process and that should be
further investigated.

DAOY Cell Adhesion on Collagen Is Increased
by EGCG Treatment

Cell migration is intimately associated with
cell adhesive properties. We thus assessed the
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allowed to migrate for 2 h. Cells that migrated to the bottom
surface were stained as described in Materials and Methods. Data
are presented as the mean number (+SEM) of cells migrated per
field of microscope (magnification x200) from at least three
independent experiments. %, Indicates statistically significant
differences (P<0.05) compared with the EGC treatment of
DAOY using Student’s t-test.

effects of EGCG and EGC on DAQY cell adhe-
sion. As treatment with 10 uM EGCG signi-
ficantly reduced DAQY cell migration, we used
this concentration of polyphenol for further
experiments. We performed adhesion assays
with various concentrations of different purified
ECM proteins. As shown in Figure 2, DAOY
cells adhered more readily to collagen and
vitronectin than to fibronectin or laminin.
Half-maximal binding was achieved at 0.25 pg/
ml for collagen and 0.35 pg/ml for vitronectin,
while the corresponding values for laminin
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Fig. 2. Green tea catechin EGCG specifically increases DAOY
cell adhesion to collagen. DAOY cells were treated as described
in the legend to Figure 1 for 18 h with either carrier (O) or 10 pM
EGCG (@). The cells were harvested with a 0.53 mM EDTA/PBS
solution and washed twice with adhesion buffer. Cells (5 x 10%)

and vitronectin are 2.0 and 2.5 pg/ml, respec-
tively. EGCG treatment of DAQOY increased cell
adhesion and affinity to collagen, without
significantly affecting cell adhesive properties
on fibronectin, vitronectin, or laminin (Fig. 2).
No effect of EGC treatment on DAOY cell
adhesion was observed with collagen or the
other matrices (not shown).

Green Tea Catechins EGCG and EGC do not
Trigger DAOY Cell Apoptosis

When used above 10 uM, green tea polyphe-
nols can trigger pro-apoptotic events in several
cell types [Islam et al., 2000]. To address this
issue, we measured the activation of caspase-3,
the activity of which has emerged as a powerful
marker for cells undergoing apoptosis [Abu-
Qare and Abou-Donia, 2001]. As a positive
control, cells were treated with etoposide, a
pro-apoptotic agent and a strong inducer of
caspase-3. As expected, etoposide strongly in-
duced caspase-3 expression (6.3-fold), while
neither EGCG nor EGC triggered, at the two
concentrations used, any activation of caspase-3
(Fig. 3). Moreover, no necrosis was observed in
EGC- or EGCG-treated DAQY cells when cell
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were seeded on a 96-well plate, previously coated with various
purified extracellular matrix (ECM) proteins. Cells were allowed
to adhere for 2 h at 37°C. Data shown are mean + SEM of at least
three independent experiments performed in triplicate.

viability was tested by a trypan blue exclusion
assay (not shown). This lack of pro-apoptotic
effects was noticed in other cell lines such as
U-87 glioma [Annabi et al., 2002], endothelial
cells [Lamy et al., 2002], and mesenchymal stem
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Fig. 3. Green tea catechins EGCG and EGC do not induce pro-
apoptotic activity in DAOY cells. Fluorimetric caspase-3 activa-
tion assays have been performed using cells which were treated
for 18 h with either 50 uM etoposide, 10 and 20 uM EGCG or
EGC. %, Indicates statistically significant differences (P < 0.05)
compared with control (untreated DAQY) cells using Student’s
t-test.
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cells [Annabi et al., 2003a], but does not pre-
clude that viability of other cells be as sensitive
to EGCG. This crucial observation further
emphasizes the efficacy and immediate safe
use of low green tea catechin concentrations in
future clinical treatments.

B1 Integrin Subunit Mediates DAOY Cell
Adhesion to Collagen

The integrins are the best characterized cell
surface adhesion receptors. These transmem-
brane proteins play a crucial role in several
steps in cell motility, including cell adhesion
and migration. Because EGCG can modulate
these two cellular processes, we first character-
ized the integrins present at the DAOY cell
surface using flow cytometry. A broad spectrum
of integrin subunits was expressed at the DAOY
cell surface. Fluorescence data clearly show
that integrin avp3, a2, a3, a4, a6, av, f1, and 3
subunits were expressed in DAQY cells, while
levels of a5 and p6 subunit expression were very
low (Fiig. 4A). Such spectrum reflects the many
cellular processes that may be tightly regulated
by these integrins and which include: growth,
death (apoptosis), adhesion, migration, and
invasion by activating several signaling path-
ways. These integrins are thus attractive
targets for anti-tumoral drug design aimed at
inhibiting integrin activity, which may thus be
useful in controlling the metastatic spread of
cancer.

Since EGCG only affected cell migration and
adhesion on collagen, we hypothesized that this
catechin could modulate the expression of the
specific integrin subunits responsible for cell
adhesion on that particular matrix. Since
various integrin subunits can interact with
collagen, we tried to determine which were
involved in the collagen adhesion process in
DAOQY. We thus performed experiments with
specific integrin blocking antibodies. We incu-
bated DAOY cells only with the antibodies
directed towards the four main integrin sub-
units known to interact with collagen (i.e., al,
a2, a3, and B1 integrin) and performed adhesion
assays on collagen. While functional blocking of
ol and a3 integrins did not affect DAOY cell
adhesion to collagen, blocking of 2 subunits
lead to a 40% decrease in cell adhesion to
collagen (Fig. 4B). Moreover, when DAQOY were
incubated in the presence of anti-f1 antibody,
cell adhesion to collagen was almost completely
antagonized (Fig. 4B). This strongly suggests

that PBl-containing integrins, including the
integrin 021, are the major receptors mediat-
ing DAQY cell adhesion to collagen.

EGCG Upregulates the Gene and Cell
Surface Expression of the 31 Integrin
Subunit in DAOY Cells

Flow cytometry analysis was performed in
order to investigate the effect of EGCG treat-
ment on cell surface integrin expression. Once
again, only al, a2, a3, and B1 subunit expres-
sions were investigated because these integrins
are known to mediate cell adhesion on collagen
in many cell types. As a negative control, we also
monitored the expression of B3 subunit, which
does not interact with collagen. We found that
al, o2, and a3 integrin expression were not
altered by treatment of DAQY cells with EGCG
and that no variation in the expression of 3
subunit was observed (Fig. 5A). However, we
observed a strong increase (~50%) in B1 sub-
unit expression which was induced by EGCG, as
demonstrated by the shift in fluorescence
intensity. This increase in Bl integrin at the
cell surface of EGCG-treated DAQY cells was
corroborated by the demonstration of an
increase in B1 integrin transcript levels using
RT-PCR, while a2 and B3 integrin transcripts
remained unaffected (Fig. 5B).

DISCUSSION

Medulloblastomas represent one of the most
aggressive pediatric brain tumors. Currently,
no treatment other than surgery exists to
definitively prevent tumor development. The
development of new therapeutic approaches,
such as those aimed at targeting tumor neovas-
cularization, is obviously needed. Among the
anti-angiogenic agents developed and tested
in the last few years, the anti-cancer properties
of naturally occurring green tea polyphenols
have shown promising potential to inhibit
tumor growth and to target the invasive cha-
racteristics of cancer cells [Demeule et al.,
2002]. Although the effects of EGCG, the most
abundant catechin and also the main active
component of green tea, on cell migration/adhe-
sion have been recently investigated [Zhang
et al., 2000; Suzuki and Isemura, 2001], no
studies have examined the effect of EGCG on
the modulation of the specific cell adhesion
receptors involved. We thus tested the effect of
EGCG on several motility processes of DAOY
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Fig. 4. Expression of integrin subunits at the DAOY cell surface.
A: Flow cytometric analysis was performed using antibodies
directed towards specific integrin subunits as described in
Materials and Methods. B: Adhesion assays have been performed
with DAQY cells preincubated with blocking antibodies directed

medulloblastoma cells. We demonstrate that
EGCG affected both DAQY in vitro cell migra-
tion and ECM adhesion properties.
Specifically, we show that DAQY cells express
high levels of the Bl integrin subunit and that

against various integrin subunits. Cells were allowed to adhere
on 10 pg/ml collagenfor 2 hat37°C. All assays were performed in
triplicate and the results (£SEM) of three independent experi-
ments are shown.

attachment of DAQOY cells to type-I collagen is
completely abolished by function-blocking anti-
bodies against the B1 integrin subunit. We also
demonstrate that EGCG treatment specifi-
cally upregulated both the gene and protein
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described in Materials and Methods (shaded area: control; lined

expression of B1 integrin subunit in DAOY cells.
Our study thus provides cellular and molecular
evidence that cell surface integrins may repre-
sent a novel molecular target for green tea
catechin EGCG in DAOY cells. Further in vivo
experimentation will have to be required in
order to demonstrate EGCG’s efficacy as an
anti-tumor agent in patients afflicted with
pediatric brain tumors.

Since cell migration can be considered as a
finely regulated equilibrium between adhesion
and de-adhesion of cells [Friedl and Brocker,
2000], a differential expression of cell adhesion
receptors induced by EGCG may thus impact on
DAOY cell migration. Such an effect of cell
surface integrin expression on cell motility has
been suggested [Palecek et al., 1997], and a
strict correlation can thus be established be-
tween increased adhesion and decreased cell
migration in DAOY cells upon EGCG treat-
ment. One can thus safely postulate that the

curve: EGCG treatment). B: Total RNA was isolated from
untreated or EGCG-treated DAOY cells and B1, a2, and B3
integrin subunits gene products were amplified by reverse
transcriptase-polymerase chain reaction (RT-PCR).

inhibition of DAQY cell migration can be ex-
plained by the upregulation of the B1 integrin
subunit, which would favor the immobilization
of DAQY cells on type-I collagen.

Integrin receptors involved in collagen bind-
ing such as the B1 integrin are known to asso-
ciate with different o subunits. It is tempting to
suggest that the functionality of heterodimers
that could form through the association with
specific o integrin subunits could also be
modulated by EGCG in DAQOY cells. Since only
adhesion to collagen was affected by EGCG, and
because al, a2, and a3 integrin subunit expres-
sion was not modulated, we cannot exclude the
possibility that the expression of other o in-
tegrin subunits such as «10 and «ll, both
reputed to interact with collagen, could be
modulated by EGCG. Moreover, in addition to
cell surface expression, integrin adhesive func-
tions can be regulated by changes either in the
affinity of the individual receptors for their
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respective ligands or in integrin avidity (i.e.,
integrin clustering) which may allow more
efficient interaction between cells and ECM
[Gonzalez-Amaro and Sanchez-Madrid, 1999].
Therefore, although EGCG treatment of DAOY
cells resulted in the specific upregulation of the
B1 integrin subunit, an increase of affinity or
avidity in association with other o integrin sub-
units cannot be excluded.

Many of the documented effects of EGCG
treatments on cell migration have mainly been
correlated to the inhibitory effect of EGCG on
MMP, a major class of proteolytic enzymes also
actively implicated in ECM remodeling and
which play a crucial role in the cell migration
process [Annabi et al., 2002; Dell’Aica et al.,
2002; Islam et al., 2002]. Thus, the inhibition of
DAOY cell migration that we report in the
present study may not be solely attributed to an
upregulation of collagen adhesion receptors.
MMPs participate in the invasion process and,
consequently, are highly involved in cell migra-
tion [Visse and Nagase, 2003]. Among them, the
MMP-2 and MMP-9 collagenases have been
shown to display a strong pro-migratory activity
[Hornebeck et al.,, 2002]. We have already
demonstrated that EGCG inhibited proMMP-2
secretion in U-87 glioblastoma cells [Annabi
et al., 2002]. Interestingly, we also observed
that proMMP-2 secretion was partially inhib-
ited by EGCG treatment in medulloblastoma-
derived DAQOY cells (unpublished data). We
thus cannot exclude a potential role of EGCG-
mediated inhibition of MMP-2 secretion in the
modulation of DAQOY cells motility processes.

Although adhesion is the primary function of
integrins, they are also important signaling
molecules. Integrins regulate intracellular sig-
naling pathways controlling cell migration and
invasion, cytoskeletal organization, force gen-
eration, and survival [Giancotti and Ruoslahti,
1999; Parise et al., 2000]. Whether EGCG
interferes with any of the intracellular integ-
rin-mediated signaling in DAQOY cells is cur-
rently under investigation and still remains to
be established. It is worth noting that recent
evidence suggests that the PI3K/Akt pathway,
a crucial integrin-mediated signaling pathway
involved in apoptosis, is affected by EGCG
[Waltner-Law et al., 2002]. This pathway
particularly involves the functions of an integ-
rin-linked kinase (ILK) which promotes cell
proliferation through the activation of PKB/
Akt anti-apoptotic signaling pathway [Cruet-

Hennequart et al., 2003; Troussard et al., 2003].
Since integrins have no intrinsic enzymatic
activity, it will be crucial to assess whether
other integrin-associated proteins, such as the
src-family kinases (c-sre, fyn, yes), FAK, PKA,
and Pyk-2 [Miranti and Brugge, 2002], may also
be targeted by EGCG. Ultimately, EGCG may
also have a dual role in targeting both medullo-
blastoma-derived cancer and endothelial cells.
Interestingly, Pl integrins, which are not
unique to angiogenic endothelial cells, may also
support most of the adhesion, migration, and
signaling events essential for angiogenesis
[Luscinskas and Lawler, 1994]. Current studies
in our laboratory are underway to explore
the above transduction pathways that may be
modulated by EGCG. Moreover, special focus
will be directed towards the identification of the
Bl integrin(s) mediating endothelial/cancer cell
adhesion, migration, and signaling events
required for angiogenesis and metastasis.

Suppressing tumor growth by anti-angiogen-
esis and vascular targeting strategies has led to
the recent development of a large number of
natural and synthetic anti-angiogenic com-
pounds [Ranieri and Gasparini, 2001]. These
include inhibitors of VEGF, VEGF-R2, MMP,
and integrin antagonists. Experimental evi-
dence suggests that anti-angiogenic treatments
may be more effective in suppressing tumor
growth when used in combination with conven-
tional chemotherapy, immunotherapy, or radio-
therapy [Koukourakis, 2001]. Interestingly,
recent evidence from our laboratory has demon-
strated the pleitropic effects of green tea
catechin EGCG on MMP-mediated events in
glioblastoma cells [Annabi et al., 2002], and on
suppressing tubulogenesis and VEGF-R2 recep-
tor mediated effects in endothelial cells [Lamy
et al.,, 2002]. Moreover, we have shown that
treatment of human umbilical vein endothelial
cells (HUVEC) with doses of EGCG equivalent
to those found in human plasma after oral
administration (2—5 uM), combined with low-
doses of ionizing radiation, affected the cell
adhesive properties of HUVEC and suppres-
sed tubulogenesis [Annabi et al., 2003b]. In light
of the data obtained in the present study, it is
thus tempting to suggest that low-dose metro-
nomic administration of naturally occurring
green tea polyphenol may provide, in combina-
tion with radiotherapeutic modalities, a new
perspective in treating pediatric patients with
medulloblastoma.
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