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Vascular endothelial growth factor (VEGF) is one of
the key regulators of tumor neoangiogenesis. It acts
through two types of high-affinity tyrosine kinase recep-
tors (VEGF receptor-1 [VEGFR-1]/fms-related tyrosine
kinase 1 [Flt-1] and VEGFR-2/kinase domain receptor
[KDR]) expressed on endothelial cells. VEGFRs have
also been detected on cancer cells, suggesting a possible
autocrine effect of VEGF on their growth. We studied
the expression of VEGF, VEGFR-1, and VEGFR-2 in
human medulloblastoma cell lines (DAOY, D283Med,
and D341Med) and investigated the possible autocrine
mechanisms of VEGF on medulloblastoma cell prolif-
eration. Reverse transcriptase PCR analysis showed
the presence of VEGF and VEGFR mRNAs in all cell
lines studied. Of the three VEGF isoforms, VEGF;,; and
VEGF g9 were detected by Western blot analysis in all
three medulloblastoma cell lines, whereas VEGF;¢s was
identified only in DAOY cells. Medulloblastoma cell
lines expressed both VEGFR-1 and VEGFR-2. We also
demonstrated expression of VEGF and its receptors in
medulloblastoma tumor specimens. Exogenous VEGFR-2
inhibitor reduced the VEGF-dependent cell proliferation
of DAOY and D283Med cells. In DAOY cells, VEGF;4s
induced phosphorylation of VEGFR-2/KDR and of
downstream proteins in the signal transduction pathway.
These data suggest a possible autocrine role for VEGF

Received July 25, 2006; accepted December 18, 2006.

Address correspondence to Angelo Rosolen, Department of
Pediatrics, Division of Hematology-Oncology, University-Hospital
of Padua, Via Giustiniani 3, 35128 Padua, Italy (angelo.rosolen@
unipd.it).

in medulloblastoma growth. Targeting VEGF signaling
may represent a new therapeutic option in the treatment
of medulloblastoma. Neuro-Oncology 9, 384-392, 2007
(Posted to Neuro-Oncology [serial online], Doc. D0O6-
001720, August 17, 2007. URL http://neuro-oncology
.dukejournals.org; DOI: 10.1215/15228517-2007-032)

Keywords: medulloblastoma, VEGF, VEGFRs

edulloblastoma is the most common child-
l \ / I hood malignant brain tumor. Despite recent
progress in prognosis, thanks to refinements of
conventional craniospinal radiotherapy and systemic che-
motherapy, a third of these children die of their disease,
with survivors having significant long-term side effects
of treatment."? Thus, the need to investigate the biology
of this cancer to develop more effective and less toxic
therapies is imperative. Neoangiogenesis, the formation
of new blood vessels from existing vasculature, seems
to be a critical factor for tumor growth and progression
and a prerequisite for metastases.? Indeed, the quantita-
tive assessment of angiogenesis has been proposed as an
additional criterion to be incorporated into the anapla-
sia grading system for childhood medulloblastoma.* A
variety of angiogenic factors have been implicated, indi-
vidually or as a whole, in the neoangiogenesis of medul-
loblastoma, highlighting the complexity of the biologi-
cal processes regulating tumor neovascularization.’ The
activation, proliferation, and migration of the endothelial
cells, starting from preexisting vascular structures, are
regulated by specific growth factors secreted by tumor
cells and by cellular components of the surrounding
microenvironment.
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Vascular endothelial growth factor (VEGF) is one
of the most powerful mitogens for endothelial cells in
CNS tumors.®” Generated by mechanisms of alternative
splicing of the same gene, different isoforms of VEGF
exist; among these, the 121- and 165—-amino acid sol-
uble isoforms are the most abundant. The different iso-
forms bind to two tyrosine kinase receptors (fms-related
tyrosine kinase 1 [Flt-1] or VEGF receptor 1 [VEGFR-1],
and kinase domain receptor [KDR] or VEGFR-2), and
upon binding, the receptor is phosphorylated, thus trig-
gering the intracellular transduction signal pathway. Dif-
ferences exist in the function and signaling properties of
these two receptors. VEGFR-2 is primarily responsible
for the angiogenic and vascular permeability effects of
VEGEF, whereas VEGFR-1 seems to have a role in seques-
tering VEGF (“decoy receptor”) and thus in regulating
its interaction with VEGFR-2.% Although VEGFRs were
initially found on endothelial cells, recent studies have
shown that tumor cells of different origins also express
VEGFRs, suggesting that VEGF may act as an autocrine
signal.”!° The presence of an autocrine loop resulting in
increased proliferation has been demonstrated in differ-
ent cell lines (melanoma, prostate carcinoma, leukemia,
and rhabdomyosarcoma),''='* although an antiprolifera-
tive effect has also been occasionally observed in other
tumor models.!S Starting from these considerations,
we investigated the role of VEGF/VEGEFR signaling
on medulloblastoma cell growth. Here, we report that
VEGF and VEGFRs are expressed in medulloblastoma
cell lines and tumor specimens and that exogenous
VEGF promotes cell growth in vitro.

Materials and Methods

Reagents

Antihuman VEGF (sc-152), VEGFR-1 (sc-316), and
VEGFR-2 (sc-504) rabbit polyclonal antibodies were
from Santa Cruz Biotechnology (Heidelberg, Germany);
antiphosphotyrosine (PY-20) monoclonal antibody
was from Transduction Laboratories (Lexington, KY,
USA). EnVision+ System horseradish peroxidase was
purchased from DAKO (Milan, Italy), human VEGF 4;
from Sigma-Aldrich (Milan, Italy), and VEGF inhibi-
tor VI from Calbiochem (Darmstadt, Germany). Cell
culture media were purchased from Euroclone (Milan,
Italy). Endothelial cell growth medium was from Pro-
moCell (Heidelberg, Germany), protein assay from
Bio-Rad (Milan, Italy), Complete Protease Inhibitor
Cocktail Tablets from Roche Diagnostic (Milan, Italy),
SuperSignal West Pico Chemiluminescent Substrate
from Pierce (Rockford, IL, USA), and TRIzol reagent
and SuperScript II reverse transcriptase from Invitrogen
(Milan, Italy). All primers were purchased from Sigma-
Genosys (Haverhill, UK). All remaining reagents were
from Amersham-Pharmacia Biotech (Milan, Italy).
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Cell Culture

Human medulloblastoma cell lines DAOY, D283Med,
and D341Med were grown in complete culture medium
(RPMI medium supplemented with 10% fetal bovine
serum [FBS], 2 mM r-glutamine, 100 U/ml penicillin,
and 100 pg/ml streptomycin). The human fibrosarcoma
cell line HT1080 was maintained in Dulbecco’s modi-
fied Eagle medium supplemented with 10% FBS, 2 mM
L-glutamine, 100 U/ml penicillin, and 100 wg/ml strepto-
mycin. Human umbilical endothelial vein cells (HUVEC)
were grown in endothelial cell growth medium supple-
mented with SupplementMix (PromoCell) and 8% FBS.

Western Blot Analysis

Subconfluent cells were lysed in 50 mM Tris-HCI (pH
7.4), 150 mM NaCl, and 1% Triton plus 1x Complete
Protease Inhibitor. Thirty micrograms of total protein
was resuspended in sample buffer, heated at 95°C for 5
min, and subjected to sodium dodecyl sulfate—polyacryl-
amide gel electrophoresis (SDS-PAGE) under reducing
conditions. Subsequently, proteins were electrotrans-
ferred overnight at 4°C to nitrocellulose membranes.
The membranes were then exposed to primary antibod-
ies, washed in Tris-buffered saline/0.05% Tween 20,
and incubated with a secondary peroxidase-conjugated
antibody at a 1:4,000 dilution. Signals were detected by
SuperSignal West Pico Chemiluminescent Substrate, fol-
lowing the manufacturer’s instructions.

RNA Extraction and Reverse Transcriptase
PCR Analysis

Total RNA was extracted from cell monolayers using
the TRIzol reagent following the manufacturer’s instruc-
tions. Briefly, 3 g of total RNA from each sample was
reverse transcribed into cDNA at 37°C for 1 h using 500
ng oligo(dT);s5_13 and 200 U SuperScript II Reverse Tran-
scriptase in a final volume of 20 pl. The cDNA solution
was diluted 1:10, and 10 pl was subsequently amplified
using 5 pmol of the sense and antisense primers previ-
ously reported.'® The cycling parameters for the PCR
reaction were denaturation at 94°C for 30 s, annealing
at 60°C for 30 s, and extension at 72°C for 30 s. To
determine the range of PCR cycles over which amplifica-
tion was linear for each target molecule, we performed
preliminary linear range-finding experiments. Amplifica-
tion was performed for 24 cycles for GAPDH, 30 cycles
for VEGF, or 40 cycles for VEGFR-1 and VEGFR-2.
Expression of GAPDH was used as an internal control
to normalize the target gene levels by densitometry.

Aliquots (10 pl) of the PCR reactions were electro-
phoresed through a 7% acrylamide gel in 1x Tris/borate/
EDTA buffer; the gels were silver stained and stored fol-
lowing air drying. The densitometric value of each ampl-
icon band was quantified using a Kodak Digital Image
Station 440 CF and Kodak 1D Image Analysis software
(Eastman Kodak, Rochester, NY, USA).
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Proliferation Assay

Medulloblastoma cells in mid-log phase were seeded in
96-well culture plates (100 wl/well) in RPMI medium
containing 10% FBS for 8 h and then cultured for 16
h in RPMI medium containing 1% FBS (for D283Med
cells), 2% FBS (for D341Med), or 0.2% FBS (for DAOY).
Subsequently, the cells were treated with increasing con-
centrations of VEGF 45 (0, 10, 30, 50 ng/ml) with or
without 80 wM VEGEF inhibitor for 72 h. At the end of
the treatment, 10 wl of 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) solution (5 mg/ml
in phosphate-buffered saline) was added to each well,
and cells were incubated for 4 h at 37°C. The cells were
then centrifuged at 500g for 5§ min and lysed, and the
precipitates were dissolved in 150 pl of dimethyl sulfox-
ide. The cell number was evaluated by measuring optical
density at 540 nm on a microtiter plate reader.

Immunoprecipitation of VEGFR-2

For VEGFR-2 phosphorylation analysis, 1 x 10° DAOY
cells were seeded in 100-mm culture dishes in RPMI
medium containing 10% FBS for 8 h, cultured overnight
in RPMI medium containing 1% FBS, and then cultured
in serum-free medium for 2 h. Cells were treated for 0,
1, 2.5, and 5 min with VEGF4;5 (200 ng/ml) and then
suspended for 1 h at 4°C in 0.5 ml buffer A (20 mM
Tris-HCI [pH 7.5], 10% glycerol, 1 mM EDTA, 150
mM NaCl, 1 mM sodium orthovanadate, and protease
inhibitor cocktail) containing 1% Nonidet P-40. After
centrifugation, equal amounts of supernatants were sup-
plemented with 0.5 ml buffer A, without Nonidet P-40,
and immunoprecipitation was performed overnight in
the presence of anti—-VEGFR-2 antibody. Immunocom-
plexes were washed three times in 50 mM Tris-HCI pH
7.5, 1 mM orthovanadate, and protease inhibitor cock-
tail and subjected to Western blot analysis by immuno-
staining with antiphosphotyrosine monoclonal antibody
and anti—-VEGFR-2 polyclonal antibody.

Treatment with \ Protein Phosphatase and
Two-dimensional Gel Electrophoresis

To validate the phosphorylation of VEGFR-2 by
VEGF 45, we performed dephosphorylation experi-
ments using the broad specificity N protein phosphatase
(ANPPase).'” DAOY cells were cultured and treated with
VEGF45 (200 ng/ml) as above and finally suspended for
1 h at 4°C in buffer A without sodium orthovanadate.
One hundred microliters of cellular lysate, correspond-
ing to 100 wg of protein, was added to 60 pl of 20 mM
MnCl; and 60 pl of NPPase buffer, and the solution was
then brought to a final volume of 600 pl with deionized
water. The mixture was divided into two aliquots, and
1,000 units of APPase was added to one of the aliquots.
After 45 min of incubation, phosphatase activity was
stopped and the samples were acetone-precipitated at
-20°C.

Acetone-precipitated proteins were solubilized in
focusing buffer (9 M urea, 2 M thiourea, 4% 3-[(3-
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cholamidopropyl)-dimethylammoniol-1-propane sul-
fonate [CHAPS], 65 mM dithiothreitol, 0.5% carrier
ampholytes [pH 3-10]) for 30 min. Then, 125 ul of the
solubilized sample was rehydrated and simultaneously
loaded on the immobilized pH gradient (IPG) strip (Bio-
Rad ReadyStrip IPG Strips; 7 cm, pH 3-10) at 50 V for 12
h. The voltage was increased to 4,000 V and focused for
a total of 25,000 V/h using the Protean IEF Cell System
(Bio-Rad). Immediately after being focused, IPG strips
were equilibrated in 6 M urea, 2% SDS, 0.375 mM Tris
[pH 8.8], 20% glycerol, and 2% dithiothreitol for 10 min
and subsequently in 6 M urea, 2% SDS, 0.375 mM Tris
[pH 8.8], 20% glycerol, and 2.5% iodoacetamide for 10
min. The second-dimension separation was run on 8%
SDS-PAGE using the Mini Protean 3 Cell (Bio-Rad) at 25
mA per gel. After electrophoresis, gels were subjected to
Western blot analysis by immunostaining with antiphos-
photyrosine and anti-VEGFR-2 antibodies.

Immunobhistochemical Analysis of Tumor Specimens

For immunohistochemical analysis of tumor specimens,
we studied 13 cases of classic medulloblastoma in chil-
dren treated at the Department of Pediatrics, Division
of Hematology-Oncology, University-Hospital of Padua.
Paraffin-embedded tumor sections were deparaffinized
and placed in a plastic jar with 10 mM citrate buffer (pH
6.0). The solution was then heated in a water bath and
boiled for 30 min. After cooling, the slides were incu-
bated with the primary rabbit antibodies. Anti-VEGF,
anti-VEGFR-1/Flt-1, and anti-VEGFR-2/KDR antibod-
ies were used at a dilution of 1:100. Isotype-specific rab-
bit immunoglobulin G was used as a negative control.
Slides were then washed, and the signal was detected
by EnVision+ System horseradish peroxidase accord-
ing to the manufacturer’s instructions. The slides were
counterstained with hematoxylin. The degree of posi-
tive staining for VEGF and VEGFRs was determined
by using a semiquantitative staining index (SI) in which
SI = I x D, with intensity (I) and distribution (D) each
scored on a scale of 1 to 4. Samples with SI < 4 were
considered weakly positive, whereas those with SI > 4
were regarded as strongly positive.

Results

Medulloblastoma Cell Lines Express VEGE,
VEGFR-1, and VEGFR-2

Because of the well-established paracrine role of VEGF
in endothelial cells and the potential autocrine effect
on cancer cells, we studied VEGF and its receptors in
medulloblastoma cell lines. By means of alternative
splicing, six different isoforms can be generated from the
human VEGF gene, and the 121-, 165-, and 189-amino
acid molecules are the three most frequently expressed.

We analyzed the mRNA and the protein expression
of VEGF, VEGFR-1, and VEGFR-2 in three different
medulloblastoma cell lines (DAOY, D283Med, and
D341Med).
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Fig. 1. Expression analysis. Reverse transcriptase PCR analysis was performed on total RNA as described in Materials and Methods. Expres-
sion of GAPDH was used as an internal control to normalize the target gene levels through densitometry. H,O was a negative control to
exclude potential contamination. Human fibrosarcoma cell line HT1080 and human umbilical endothelial vein cell (HUVEC) lines were
used as positive controls. (A) Left, amplification products from VEGF;ge, VEGF;65, and VEGF;,; cDNAs (479, 407, and 275 base pairs,
respectively). Right, measurement of relative gene expression levels after densitometric analysis and GAPDH normalization. (B) VEGFR-1
and VEGFR-2 cDNA expression (left) and relative quantification (right). Values are expressed in arbitrary units (A.U.) as means + SD from

three independent experiments.

Reverse transcriptase PCR (RT-PCR) analysis indi-
cated that VEGF mRNA was expressed in all medul-
loblastoma cell lines (Fig. 1A). Using a previously pub-
lished primer set, we determined the expression of three
isoforms of VEGF. In particular, in all medulloblastoma
cell lines assayed, VEGF 55 and VEGF;,; amplicons
were detectable (407 and 275 base pairs, respectively),
whereas the VEGF g9 signal (479 base pairs) was weak.
VEGFR-1 and VEGFR-2 mRNAs were also expressed
in all cell lines. We found that the VEGFR-1 RT-PCR
signal was stronger than that of VEGFR-2 and compa-
rable with that of the HUVECs used as a positive control
(Fig. 1B). These data were confirmed by densitometric
analysis and normalization against GAPDH expression
level (Fig. 1A, B).

Most of these findings are in agreement with the
results of Western blot analysis. Fig. 2A shows that all
the cell lines expressed VEGF g9 and VEGF,; isoforms,
whereas only DAQY cells showed a clear expression of
the VEGF 45 isoform. In addition, DAOY, D283Med,
and D341Med cells expressed both VEGFR-1 and VEG-

FR-2 protein at the membrane level. VEGFR-2 had a low
expression in all cell lines, whereas the VEGFR-1 signal
was weak only in D283Med cells (Fig. 2B).

Proliferative Response to Exogenous VEGF 45

To further investigate the biological significance of the
coexpression of VEGF and its receptors, medulloblas-
toma cells were cultured with increasing amounts (0,
10, 30, and 50 ng/ml) of VEGF 5. As shown in Fig. 3,
in DAQY cells a statistically significant increase of cell
proliferation (+39% compared with control conditions)
was seen with 10 ng/ml VEGF 45 treatment (p < 0.035)
and with 30 ng/ml (+67% with p < 0.005). Proliferation
of D283Med cells seemed to be less influenced by VEGF
addition (increase of 6%-9% compared with control).
Cotreatment with the VEGF inhibitor (80 wM) abol-
ished these proliferative stimuli, as expected, resulting
in a significant decrease in cell growth with respect to
the control (-23% for D283Med, p < 0.05, and —-36 to
-52% for DAQY, p < 0.05; Fig. 3). In contrast, prolifera-
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Fig. 2. Expression analysis. Western blot analysis of vascular endo-
thelial growth factor (VEGF) (A) and VEGF receptors (B) was per-
formed on total cell lysates. Human fibrosarcoma cell line HT1080
and human umbilical endothelial vein cell (HUVEC) lines were used
as positive controls. Three independent experiments were per-
formed, and similar expression patterns were obtained.

tion of D341Med cells seemed to be VEGF independent,
because no difference was seen with or without the addi-
tion of VEGF inhibitor.

VEGF 45 Induces VEGFR-2 Phosphorylation

To provide further evidence that VEGFR-2 was stimu-
lated by VEGF 45, we evaluated the tyrosine phosphory-
lation rate of VEGFR-2, which was immunoprecipitated
from DAQY cells lysed at various time intervals after
VEGF stimulation. VEGFR-2-containing immuno-
complexes were resolved on SDS-PAGE and identified
with antiphosphotyrosine antibody. These experiments
showed that, upon VEGF s treatment, VEGFR-2 was
Tyr-phosphorylated, reaching its maximum after 5 min
(Fig. 4A).

To confirm the phosphorylation of VEGFR-2 by
VEGF s, we used the broad specificity APPase in dephos-
phorylation experiments. After 5 min of treatment
with VEGF, DAOY cell lysates were incubated with or
without APPase and resolved on two-dimensional elec-
trophoresis (2DE). In the absence of APPase treatment,
Western blot analysis of the 2DE map showed the over-
lay between the spot with anti—-VEGFR-2 antibody and
antiphosphotyrosine antibody (Fig. 4B). With APPase,
the immunostaining of tyrosine phosphorylation was
abolished, demonstrating the specificity of the reaction.
Moreover, the 2DE map showed that, in DAOY cells,
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Fig. 3. Effects of vascular endothelial growth factor (VEGF) on
medulloblastoma cell growth. Proliferation of DAOY, D283Med,
and D341Med human medulloblastoma cells was determined by
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay after 72 h of VEGF;¢s treatment (0, 10, 30, 50 ng/ml)
with (squares) or without (triangles) the addition of VEGF inhibitor
(80 wM). The maximal proliferative effect was seen using 30 ng/
ml for DAOY cells (+67%) and D283Med (+9%). No significant
differences in proliferation could be detected for the D341Med cell
line. Proliferative response to VEGF was expressed as an increase
in optical density (O.D.) with respect to the effect obtained with
control. Values are means + SD of triplicate experiments repeated
twice. Student's t-test: *p < 0.05; **p < 0.005. Abbreviation: ns,
not significant.
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Fig. 4. Tyr-phosphorylation of vascular endothelial growth factor receptor-2 (VEGFR-2) in VEGF¢s-stimulated human medulloblastoma
DAOQY cells. (A) Cells lysed at 0, 1, 2.5, and 5 min were immunoprecipitated with anti-VEGFR-2 antibody, and the blots of the immunocom-
plexes were immunostained with antiphosphotyrosine antibody and reprobed with anti-VEGFR-2. (B) Two-dimensional gel electrophoresis
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Cell lysates were treated with (right) or without (left) X protein phosphatase (APPase). The VEGFR-2 spot is circled. The molecular weight
and isoelectric point of VEGFR-2 are 195-235 kDa and 5.6, respectively. The analysis indicated the shift of the VEGFR-2 protein from a
more acidic to less acidic form. The figure illustrates a representative experiment of at least three separate experiments. Abbreviations: IEF,

isoelectric focusing; Wb, Western blot.

VEGF 45 induced tyrosine phosphorylation not only of
VEGFR-2/KDR but also of other downstream proteins
in the signal transduction pathway (Fig. 4B).

Expression of VEGE, VEGFR-1, and VEGFR-2
in Medulloblastoma Tumor Specimens

Tumor specimens from 13 cases of classic pediatric
medulloblastoma were carefully reviewed, and we could
exclude the presence of large cell areas, anaplasia, or
extensive nodularity, all characteristics associated with
different survival. Immunohistochemical study of the
medulloblastoma biopsy specimens was performed to
determine expression of VEGF, VEGFR-1, and VEGFR-2
in primary medulloblastoma. Representative examples
of the immunohistochemical analysis for each target
are shown in Fig. 5. Cells of our medulloblastoma cases
showed an intense and diffuse cytoplasmic expression of
VEGEF. VEGFR-1 expression was lower and more hetero-
geneous than that of VEGF, but with several cells react-
ing intensively. VEGFR-2 expression was lower than the

expression of VEGF or VEGFR-1. All targets showed
a stronger staining in the interfollicular areas than in
the follicular areas (data not shown). A positive reaction
for VEGF and its receptors was also seen around the
endothelia of tumor-supplying vessels (data not shown).
Semiquantitative analysis of VEGF and VEGFR expres-
sion was also performed and generally showed moderate
to high expression levels (Table 1).

Discussion

Initially identified as a vascular permeability factor
secreted by tumor cells,'® VEGF was later isolated and
cloned as a 45-kDa glycoprotein with proangiogenic
activity on endothelial cells.!”” VEGF plays a pivotal
role in embryonic hematopoiesis and vasculogenesis as
well as in several physiological and pathological condi-
tions, including tumor vascularization.?? High levels of
VEGF have been associated with tumor progression, dis-
tant metastases, and lower survival in different cancer
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Fig. 5. Immunohistochemical detection of vascular endothelial growth factor (VEGF) and VEGF receptor (VEGFR) in medulloblastoma
specimens. Formalin-fixed, paraffin-embedded medulloblastoma specimens were reacted with specific polyclonal antibodies against VEGF,
VEGFR-1, or VEGFR-2. Immunohistochemical analysis was performed as described in Materials and Methods and demonstrated a diffuse

cytoplasmic positivity for all of the targets. Scale bars = 10 pum.

models.” Moreover, several studies have demonstrated
the presence of VEGFRs in tumor cell lines of different
origins and the activity of VEGF as a mitogen/survival
factor for tumor cells in cases of hypoxia, chemotherapy,
and radiotherapy,'>2!2? suggesting that an autocrine
loop for VEGF may exist in some cancers.”%?3 Because
of the limited data available regarding the expression
and activity of the VEGF/VEGFRs system in medullo-
blastoma cells, we investigated the expression of VEGF
and VEGFRs and tested whether they were functional.
Our study showed that the medulloblastoma cell lines
DAOY, D283Med, and D341Med expressed VEGF and
its cognate receptors (VEGFR-1 and VEGFR-2). In par-
ticular, Western blot analysis showed that the DAOY cells
expressed the three splice variants VEGF 51, VEGF s,

and VEGF g9, whereas the D283Med and D341Med
cell lines expressed only VEGF;,; and VEGFg9. Such
differences may be related to the diverse phenotypes
reported for these cell lines: DAOY cells possess a more
“glial” protein expression pattern, whereas D283Med
and D341Med cells have more “neuronal” features.?*
VEGF 45 represents the predominant isoform and is fre-
quently overexpressed in several human tumors where
its activity exerts the highest angiogenesis stimulation.?’
With regard to VEGFRs, our study showed that the
medulloblastoma cell lines under investigation possessed
both VEGFR-1 and VEGFR-2, the first being more abun-
dant than the latter. All these cells expressed low levels
of VEGFR-2 compared with endothelial cells (HUVEC),
whereas VEGFR-1 had a lower expression only in

Table 1. Immunohistochemical scoring in 13 patients with medulloblastoma

VEGF VEGFR-1 VEGFR-2
Patient  Sex Age (Years) D l S| D / Sl D ! S|
1 M 3 3 4 12 2 4 8 2 2 4
2 M 7 3 4 12 3 3 9 2 3 6
3 F 14 3 4 12 3 3 9 2 2 4
4 F 7 4 3 12 3 4 12 2 2 4
5 M 10 4 3 12 3 3 9 2 2 4
6 F 10 3 3 9 2 2 4 2 3 6
7 F 3 3 4 12 2 2 4 2 2 4
8 M 1" 3 4 12 3 4 12 2 2 4
9 M 13 3 3 9 3 3 9 2 2 4
10 M 5 4 4 16 3 4 12 2 3 6
11 F 11 4 4 16 2 2 4 2 2 4
12 F 15 4 3 12 3 3 9 2 3 6
13 M 8 4 3 12 3 4 12 2 2 4

Abbreviations: VEGF, vascular endothelial growth factor; VEGFR, VEGF receptor; /, intensity; D, distribution; SI, staining index = / x D—tissues with SI < 4 were considered weakly

positive, and tissues with SI > 4 were considered strongly positive; M, male; F, female.
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D283Med. To our knowledge, this is the first report
showing that medulloblastoma cells express VEGFRs.
Generally, endothelial cells express both VEGFRs,
whereas a preferential expression of VEGFR-1 has been
reported in tumor cell lines and biopsy specimens.?®
With regard to VEGF 45 and VEGFR-1, protein expres-
sion levels did not strictly correlate with mRNA levels.
Of note, recent study found a significant correlation
between mRNA and protein expression in only 17% of
165 proteins examined in a series of lung adenocarcino-
mas.?” Moreover, that study also demonstrated that the
expression of individual isoforms of the same protein
might not correlate with mRNA, suggesting that differ-
ent posttranslational control mechanisms exist.

Our data further suggest that VEGFRs are func-
tional in medulloblastoma cells, because the addition
of exogenous VEGF or treatment with VEGF inhibitor
caused an increase or a reduction, respectively, in cell
proliferation in DAOY and D283Med cells. These obser-
vations are consistent with a previous study that dem-
onstrated a similar increase in cell proliferation in the
presence of VEGF 45 in the DEV cell line derived from
a human cerebellar primitive neuroectodermal tumor/
medulloblastoma tumor.?® VEGF addition to D283Med
cells seemed to influence cell proliferation at a lower
degree, suggesting a role for VEGF as a survival fac-
tor. To evaluate the functional effect of these findings,
we challenged medulloblastoma cells with exogenous
VEGEF in the presence of a peptide blocking the VEGF
interaction with VEGFR-2, which is the major mediator
of VEGF signaling.?>?° Under these conditions, prolif-
erative stimuli were abolished, signifying that this effect
was dependent on the binding of VEGF 45 to VEGFR-2
and therefore that VEGFR-2 is the receptor transducing
the VEGF signal in these cell lines. In both DAQOY and
D283Med cells, the presence of VEGF inhibitor resulted
in significantly lower cell proliferation compared with
the control, thus suggesting that endogenous VEGF is
present and can be inhibited. The reasons for little or no
effects of VEGF 55 on VEGFR-positive D341Med cells
remain to be elucidated, since the presence of VEGF
inhibitor did not influence the proliferation rate. Other
authors have reported that stimulation or presence of
VEGFRs may have functions other than proliferation,
for example, migration, adhesion, and invasiveness.3%3!

Because previous analysis indicated that DAOY cells
were the most responsive to VEGF 45, we further inves-
tigated the role of VEGFR-2 signaling in this cell line.
In particular, we determined whether VEGF 45 caused
tyrosine phosphorylation of its receptor and of a number
of other intracellular proteins. Extracts from VEGF4;-
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treated DAQY cells were analyzed by Western blot and
two-dimensional gel electrophoresis. After immuno-
precipitation, a clear increase in the phosphorylation of
VEGFR-2 was observed at 1, 2.5, and 5 min. Further-
more, the 2DE map highlighted the overlay between the
spot corresponding to VEGFR-2 and phosphotyrosine,
whose signal specificity was confirmed by APPase treat-
ment. It is important to note that VEGFR-1 did not
appear to be activated, because no phosphotyrosine sig-
nal corresponding to this receptor was seen in the 2DE
map. We think these results supply a direct measure of
VEGFR-2 activity following VEGF 45 stimulation and
strongly support the hypothesis that VEGF can act as
an autocrine mitogen/survival factor for the tumor cells
themselves.

Immunohistochemical analysis of the medulloblas-
toma specimens supported an autocrine role of VEGF in
vivo, given the concomitant expression of VEGF and its
cognate receptors in medulloblastoma cells. A moderate
to high level of expression of VEGF and VEGFRs was
in fact observed in all of the tumors studied (Table 1).
Although VEGEF expression in human surgical medullo-
blastoma specimens has been previously reported,* this
is the first time that concomitant expression of VEGF
and VEGFRs has been demonstrated in medulloblas-
toma, suggesting that an autocrine effect of VEGF might
also occur in vivo.

In summary, our results not only revealed new cellu-
lar and molecular aspects of the VEGF/VEGFR system
in medulloblastoma cells but also have possible impli-
cations for the development of novel therapies for this
neoplasm. Indeed, most of the kinase-targeted antitu-
mor drugs under clinical evaluation have VEGF/VEGFR
as a target.’? The study and development of molecules
that specifically inhibit VEGF signaling, thus blocking
tumor angiogenesis and tumor cell growth, is warranted
in medulloblastoma.
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