
Abstract. Malignant gliomas are typically angiogenic and
secrete high levels of VEGF. Hypoxia has been identified as
an important regulator of VEGF. However, malignant gliomas
express high levels of VEGF in both hypoxic perinecrotic
and vital tumor areas. In this study, we examined intracellular
signaling pathways involved in the secretion of VEGF in
glioma cells under normoxic conditions. Human malignant
glioma cell lines, T98G, U373MG, U87MG, and A172, and
human fetal lung fibroblasts (HFL) were cultured both with
and without IL-1ß under normoxic conditions. VEGF, IL-1,
IL-6, and TNF-· were measured with ELISA. VEGF mRNA
levels were estimated by RT-PCR. Inhibitors of COX-2,
MAPK, and phosphatidyl inositol 3-kinase (PI3-K), and
blocking antibodies to TGF-ß II and TNF-·, or IL-1 receptor
antagonist, were used to examine their effects on VEGF
secretion. Phosphorylation of MAPK was examined by
immunoblotting. The basal levels of VEGF secretion were
significantly higher in U87MG, U373MG, and T98G, than
HFL. IL-1ß significantly stimulated VEGF secretion in these
glioma cells.  Inhibitors of p38 MAPK and/or JNK
significantly suppressed VEGF secretion both in the presence
and absence of IL-1ß, while inhibitors of COX-2, ERK1/2,
and PI3-K did not. Constitutive phosphorylation of p38
MAPK and JNK was observed in these glioma cells. The
levels of IL-1ß in U87MG were significantly higher than in
other glioma cell lines, and IL-1 receptor antagonist
suppressed basal secretion of VEGF from U87MG. In
conclusion, p38 MAPK and JNK pathways play an important
role in VEGF secretion from malignant glioma cells under
normoxic conditions, possibly contributing to VEGF-induced
angiogenesis in malignant gliomas at vital tumor areas where
there is no hypoxia.

Introduction

Malignant gliomas are the most common primary tumors in
the brain. Despite multimodal therapy, the prognosis of
patients with glioblastomas remains poor, with a median
survival time of 12-18 months (1,2). Malignant gliomas are
typically angiogenic and characteristically exhibit endothelial
cell hyperplasia (3,4). Several angiogenic factors have been
demonstrated in human gliomas. VEGF is one of the key
angiogenic factors involved in the growth and malignant
progression of tumors. VEGF has been shown to play a
major angiogenic role in glioblastomas (5,6). The levels of
VEGF protein and the degree of mRNA expression in
gliomas correlate with tumor grades and are most intense in
glioblastomas (7). Numerous studies in animal models have
shown that inhibiting VEGF function using neutral anti-
bodies, dominant-negative VEGF receptor mutants, receptor
antagonists, and antisense constructs inhibits growth of
gliomas in vivo and causes regression of blood vessels (8-11). 

Hypoxia has been well characterized as one of the pivotal
regulators of VEGF expression. Glioblastomas express high
levels of VEGF in the hypoxic regions of tumors, which are
generally located near necrotic areas (7). VEGF is apparently
induced under hypoxic conditions by transcription of VEGF
mRNA via binding of either the hypoxia-inducible trans-
cription factor (HIF-1) or AP-1 to a binding site located in
the VEGF promoter (9,12,13). However, glioblastoma cells
have been shown to secrete and express persistently high
levels of VEGF protein and VEGF mRNA even under
normoxic conditions (14). Elevated levels of VEGF protein
or mRNA expression has also been detected at the extreme
periphery of some tumors in tissues where there is no evidence
for hypoxia (7). These observations under normoxic conditions
suggest that there exists a mechanism for activation of the
VEGF gene in glioblastomas different from that postulated
for hypoxia-induced activation of the VEGF gene.

VEGF expression in tumor cells is also regulated by many
growth factors and cytokines, such as b-FGF, PDGF, TNF-·,
hepatocyte growth factor/scatter factor, TGF-ß, EGF, IL-6,
and IL-1ß (15-20). Recent studies have indicated that intra-
cellular signal transduction mechanisms are involved in
VEGF expression in malignant tumors. Several studies have
shown that the phosphatidyl inositol 3-kinase (PI3-K)/Akt
pathway mediates hypoxia-induced VEGF expression in ras-
transformed cells (21,22). Other lines of evidence suggest
that COX-2 mediates VEGF production in vitro and in vivo
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(23,24). The major role of COX-2 in angiogenesis is thought
to be the triggering of the synthesis of prostanoids, such as
prostaglandin E2, which then stimulate the expression of pro-
angiogenic factors (24). COX-2 is highly up-regulated in
glioblastomas and levels of COX-2 correlate with VEGF
protein levels (25-27). MAPKs, a family of serine/threonine
kinases activated by dual phosphorylation of threonine and
tyrosine within a Thr-X-Tyr motif (28), play a key role in the
transcriptional and post-transcriptional regulation of VEGF
(29,30). In mammalian cells, three subgroups of MAPK have
been detected, including ERK, JNK, and p38 MAPK (31).
Ras triggers the activation of the ERK1/2 MAPK pathway to
enhance VEGF transcription via AP-1 (29). IL-1 is one of the
most potent inducers of VEGF among various cytokines and
growth factors, and the activation of p38 MAPK is important
for IL-1-induced VEGF production (20,28). In the present
study, we examined cultured human glioma cell lines for the
production of VEGF stimulated with and without IL-1ß.
Three of four glioma cell lines secrete high levels of VEGF
protein in the culture medium even under steady-state and
normoxic conditions. Our results indicate that p38 MAPK
and/or JNK, but not COX-2 or ERK1/2, contribute to the
increased levels of basal secretion of VEGF observed in
these glioma cell lines.

Materials and methods

Materials. Human recombinant IL-1ß was a generous gift from
Otsuka Pharmaceutical Co. (Tokushima, Japan). SB203580, a
p38 MAPK-specific inhibitor, and PD98059, an ERK inhibitor,
were obtained from Calbiochem (San Diego, CA). SP600125, a
JNK inhibitor, was obtained from BIOMOL (Plymouth
Meeting, PA). Actinomycin D and indomethacin were obtained
from Sigma (St. Louis, MO). NS-398, a selective COX-2
inhibitor, and Wortmannin, a PI3-K-specific inhibitor were
obtained from Calbiochem. The IL-1 receptor antagonist, TNF
receptor antibody, and TGFß-II receptor antibody were all
obtained from R&D Systems (Minneapolis, MN).

Cell culture. Human malignant glioma cell lines T98G and
A172 were obtained from the Japanese Cancer Research
Resources Bank. Human malignant glioma cell lines U373MG
and U87MG were obtained from the American Type Culture
Collection. Human fetal lung fibroblasts were established as
described previously (32). Cells were maintained in MEM
(Life Technologies, Grand Island, NY) supplemented with
10% FBS (Biocell, 6201B304, Carson, CA) under a 5%
CO2 - air mixture at 37˚C. The number of cells were counted
with a Coulter counter (Industrial D, Coulter Corporation,
Luton, UK). Mycoplasma assays were carried out using DNA
fluorocytometry, and the cultures were found to be free from
contamination.

Immunoassay for VEGF, PGE2, IL-1· and ß, IL-6, and TNF-·.

Subconfluent cultured cells were washed with MEM
containing 0.5% FBS. The medium was replaced with fresh
MEM containing 0.5% FBS both with and without IL-1ß
(500 units/ml, 1.5 nM) or other reagents. Cells were incubated
for 48 h at 37˚C, and the medium was collected. The concen-
trations of VEGF, IL-6, and PGE2 secreted into the medium

were measured with ELISA kits for human VEGF, IL-6 (R&D
Systems) or an EIA kit for human PGE2 (Cayman Chemical).
The concentrations of IL-1·, IL-1ß, and TNF-· in the culture
medium and in cell extracts were measured with ELISA kits
for human IL-1·, IL-1ß, and TNF-· (R&D Systems).

Actinomycin D (100 ng/ml), indomethacin (1 μg/ml),
NS-398 (1 μM), SB-203580 (1-5 μM), SP-600125 (0.1-5 μM),
PD-98059 (10 μM), and Wortmannin (100 nM) were added
to the cultures as VEGF production inhibitors. The inhibitor
dosages used in this study were determined after preliminary
experiments. IL-1 receptor antagonist (100 ng/ml) and the
blocking antibodies to TNF-I receptors (10 μg/ml) and TGFß-II
receptors (20 μg/ml) were used to compete with their
respective ligands.

Western blot analysis. Subconfluent cultures were arrested in
MEM containing 0.5% FBS at 37˚C for 24 h and then incubated
for 30 min both with and without IL-1ß (500 units/ml). Cells
were extracted by SDS sample buffer, sonicated, and then
boiled for 5 min. Equal amounts of protein were loaded onto
12.5% SDS-polyacrylamide gels and were transferred to
Immobilon-P membranes (Millipore, Tokyo, Japan). The
membranes were incubated with rabbit polyclonal antibodies
to phospho- or non-phospho-p38 MAPK or phospho- or
non-phospho-JNK antibodies (Cell Signaling, Beverly, MA).
For the detection of COX-1 and COX-2, cells were incubated
for 16 h both with and without IL-1ß. The cell extracts were run
on SDS gels and were transferred to Immobilon-P membranes.
The membranes were incubated with goat polyclonal antibodies
to COX-1 or COX-2 (Santa Cruz Biotechnologies, Santa
Cruz, CA). Immuno-detection was carried out by a chemilu-
minescent method with a Phototope-HRP Western Detection
Kit (Cell Signaling) and by an exposure to Hyperfilm-ECL
(Amersham, Buckinghamshire, UK). 

RT- PCR. RNA was isolated from cultured cells using TRIzol
reagent (Sigma). A first-strand cDNA was synthesized by
reverse transcription of 5 μg of total RNA in the presence
of oligo(dt) and reverse transcriptase with a Superscript
Preamplification System (Life Technologies). RT-PCR was
performed to analyze mRNA expression for human VEGF
in glioma cells. Primers for human VEGF (R&D Systems)
were used according to protocol indicated by the manufacturer.
RT-PCR for ß-actin was performed as an internal standard
(33). The PCR reaction mixture contained 6 μl of cDNA,
200 μM of dNTPs, 0.8 μM of primers, and 1.25 units of Taq
DNA polymerase (Takara, Kyoto, Japan) in PCR buffer
containing 1.5-2.5 mM MgCl2. The PCR cycle profile for
30 cycles were: denaturation at 94˚C for 20 sec, annealing at
60˚C for 30 sec, and extension at 72˚C for 1 min. The PCR
products were electrophoresed in a 2% agarose gel containing
ethidium bromide and enhanced for visual analysis with
UV light. 

Results

Increased levels of VEGF production from glioma cells under
normoxic conditions. We compared the levels of VEGF
secreted in the medium supplemented with 0.5% FBS for 48 h
under a 5% CO2-air mixture. Three of four glioma cell lines,
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U87MG, U373MG, and T98G, secreted higher levels of VEGF
protein than HFL (Fig. 1A). The levels of VEGF secretion were
very low in A172 cells. The levels of VEGF secretion in the
medium were 16, 9, and 3 times higher in U87MG, U373MG,
and T98G, respectively, than those in HFL. RT-PCR analysis
for VEGF mRNA showed that the signals for VEGF mRNA
were consistent with the secretion of VEGF protein from
glioma cell lines and HFL, except for A172 cells (Fig. 1B).
The level of VEGF secretion in A172 was extremely low,
even though the characteristic signals for VEGF mRNA were
well defined. IL-1ß, 500 units/ml, significantly stimulated
VEGF production in U373MG, U87MG, T98G, and HFL
(Fig. 1C). T98G and HFL, in which the basal levels of
VEGF secretion were relatively low, responded well to IL-1ß
stimulation, with 2.5- and 3.4-fold increases in VEGF
secretion, respectively. In contrast, in U87MG and U373MG
cells, which secrete high levels of VEGF protein under steady-
state conditions, levels of VEGF secretion in response to
stimulation with IL-1ß increased by only 27% and 35%,
respectively. A172 cells exhibited no increase in VEGF
secretion in response to stimulation with IL-1ß.

No contribution of COX-2 to increased levels of VEGF
secretion in glioma cells. We examined glioblastoma cell
lines, U87MG, U373MG, T98G, which secrete high levels of
VEGF, for the effects of non-selective (indomethacin) and
selective (NS-398) COX-2 inhibitors on VEGF production.
Both NS-398 and indomethacin failed to decrease VEGF
production both with and without IL-1ß treatment (Fig. 2A).
IL-1ß significantly stimulated the production of PGE2 in

U87MG cells but it did not in other glioma cell lines (Fig. 2B).
NS-398 at a concentration of 1 μM completely blocked the
IL-1ß-induced production of PGE2 in U87MG cells (Fig. 2C).
Neither glioma cell line exhibited positive immunoblot
signals for COX-2 under steady-state conditions. Positive
immunoblot signals for COX-2 were found only in IL-1ß-
stimulated U87MG and HFL cells (Fig. 2D). The results of
immunoblot analysis were quite consistent with findings
based on measurement of PGE2 production.

Activation of p38 MAPK and/or JNK contributes to increased
levels of VEGF in glioma cells. We examined inhibitors of
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Figure 1. Secretion of VEGF from glioma cells. (A) Basal secretion of VEGF
from glioma cells. Human glioma cells and fetal fibroblasts (HFL) were
cultured in MEM with 0.5% FBS for 48 h under a 5% CO2-air mixture. The
concentrations of VEGF secreted in the medium were measured with ELISA.
(B) RT-PCR analysis for VEGF mRNA of glioma cells and HFL cultured in
MEM with 0.5% FBS under 5% CO2-air. RT-PCR for ß-actin was used as an
internal standard. (C) Stimulation of VEGF secretion by IL-1ß. Cells were
incubated with MEM containing 0.5% FBS for 48 h in both the presence
and absence of 500 units/ml of IL-1ß. The inducible levels of VEGF were
expressed as the percentages of basal levels of VEGF. Bar graphs show
mean values with standard deviations (error bars) calculated from three or
more separate experiments. IL-1ß significantly stimulated VEGF production
in U373MG, U87 MG, T98G, and HFL. **P<0.0001, *P<0.01 vs. without IL-1ß
by unpaired t-test.

Figure 2. Effects of COX-2 inhibitors on VEGF secretion and COX-2
expression in glioma cells. (A) Effects of COX-2 inhibitors on VEGF secretion.
Three glioblastoma cell lines, U87MG, U373MG, T98G, which secrete high
levels of VEGF, were examined for the effects of non-selective (indo-
methacin) and selective COX-2 inhibitors (NS-398) on the secretion of VEGF.
Cells were incubated with MEM containing 0.5% FBS for 48 h in both the
presence and absence of 500 units/ml of IL-1ß. NS-398 (1 μM) and
indomethacin (1 μg/ml) were added to the cultures. The concentrations of
VEGF secreted in the medium were measured with ELISA. Both NS-398
and indomethacin failed to reduce the production of VEGF in both the
presence and absence of IL-1ß. Bar graphs show mean values with standard
deviations (error bars) calculated from three or more separate experiments.
Results are normalized to control, set to 100%. (B and C) PGE2 production
in glioma cells. Cells were incubated with MEM containing 0.5% FBS for
48 h in both the presence and absence of 500 units/ml of IL-1ß. PGE2

secreted in the medium was measured with an EIA. Bar graphs show mean
values with standard deviations (error bars) calculated from three or more
separate experiments. *P<0.001 vs. control (B) *P<0.0001 versus control (C)
#P< 0.0001 vs. IL-1ß(+) by unpaired t-test. (D) Immunoblot for COX-1 and -2.
Cells were cultured in MEM with 0.5% FBS for 16 h in both the presence and
absence of IL-1ß. Cell extracts were run on 12.5% SDS polyacrylamide gels
and transferred to Immobilon-P membranes. Immunodetection was carried
out using a chemiluminescent method and by exposure to Hyperfilm-ECL.
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MAPKs for effects on VEGF secretion in glioma cells. Both
SB-203580, a p38 MAPK-specific inhibitor, and SP-600125,
a JNK-specific inhibitor, significantly decreased the secretion
of VEGF from U87MG and U373MG cells in both the
presence and absence of IL-1ß (Fig. 3A). The combined use
of both reagents resulted in additive inhibitory effects on
VEGF secretion from these cells. In T98G cells, SP-600125
significantly decreased the secretion of VEGF in the presence
and absence of IL-1ß, while SB-203580 had no measurable
effects in either case. In contrast, neither PD-98059, an
inhibitor of ERK1/2, nor Wortmannin, an inhibitor of PI3-K,
had any effect on VEGF secretion in any glioma cell line
(Fig. 3B).

We performed immunoblot tests for phospho- and non-
phospho-p38 MAPK, and phospho- and non-phospho-JNK
using specific antibodies (Fig. 4). We detected definite
immunoreactive bands indicating phosphorylation of p38
MAPK and JNK in cell extracts from U87MG, U373MG,
and T98G under steady-state conditions; and no immuno-
reactive bands were found in cell extracts from A172 or HFL.
The immunoreactive bands indicating phospho-p38 MAPK
under steady-state conditions were stronger in U87MG and
U373MG than those in T98G, while those indicating phospho-
JNK were similar in strength among the three glioma lines.
The immunoreactive bands indicating phospho-JNK and
phospho-p38 MAPK were well-defined in A172 and HFL
when the cells were stimulated by IL-1ß. The effects of IL-1ß
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Figure 3. Effects of MAPK and phosphatidylinositol 3-kinase (PI3-K) inhibitors on VEGF secretion. (A) Effects of p38 MAPK and JNK inhibitors. Glioma cells
were incubated both with and without SB-203580, a p38 MAPK inhibitor, and/or SP-600125, a JNK inhibitor, in MEM with 0.5% FBS in both the presence
and absence of IL-1ß at concentrations of 500 units/ml. VEGF secreted in the medium was measured with ELISA. (B) Effects of inhibitors of ERK1/2 and
PI3-K. Cells were incubated both with and without PD-98059 (10 μM), an inhibitor of ERK1/2, or Wortmannin (100 nM), an inhibitor of PI3-K, in both the
presence and absence of IL-1ß at concentrations of 500 units/ml. Bar graphs show mean values with standard deviations (error bars) calculated from three or
more separate experiments. Results are normalized to control, set to 100%. **P<0.0001, *P<0.01 vs. without inhibitors by unpaired t-test. 

Figure 4. Immunoblots testing for phospho- or non-phospho-p38 MAPK and
JNK. Glioma cells and HFL were incubated for 30 min with MEM containing
0.5% FBS both with and without IL-1ß at concentrations of 500 units/ml.
Total cell extracts were run on 12.5% SDS polyacrylamide gels and transferred
to Immobilon-P membranes. Immunodetection was carried out using a
chemiluminescent method and by exposure to Hyperfilm-ECL.
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stimulation on immunoreactive band strength were not clear
in U87MG and U373MG.

Intrinsic factors that can stimulate VEGF production via
phosphorylation of MAPKs. Based on the present data that
some glioma cells spontaneously secrete high levels of VEGF
and exhibit constitutive phosphorylation of p38 MAPK and/or
JNK, we hypothesized that some intrinsic factors of glioma
cells could stimulate VEGF production via activation of p38
MAPK and/or JNK. It has been shown that JNK and p38
MAPK are strongly activated by cell stresses, bacterial
lipopolysaccarides, IL-1, and TNF-· but are only weakly
activated by mitogens, while ERKs are strongly activated by
mitogens (31,34,35). We examined glioma cells for the
production of some cytokines under steady-state conditions
and found that concentrations of IL-1· and TNF-· in the
medium and the cell extracts, and that of IL-1ß in the medium,
were below detectable limits in all the glioma cell lines (data
not shown). The concentration of IL-1ß in the cell extracts

of U87MG was significantly higher than other glioma cell
lines, while the levels of IL-6 were essentially the same
among all four glioma cell lines (Fig. 5A). 

We used IL-1 receptor antagonist, blocking antibodies
to TNF receptor I and to TGFß-II receptor to reduce the
production of VEGF from glioma cells under steady-state
conditions (Fig. 5B). TGF-ß has been shown to stimulate
VEGF production from cultured retinal pigment epithelial
cells via activation of p38 MAPK (36). Actinomycin D was
used to inhibit RNA synthesis and significantly blocked the
production of VEGF from U87MG, U373MG, and T98G cell
lines. IL-1 receptor antagonist significantly reduced the levels
of VEGF production from U87MG but had little measurable
effect on U373MG and T98G. Blocking antibodies to TNF
receptor I and to TGFß-II receptor had no effect on VEGF
production in any glioma cell line.

Discussion

We document in the present study the first evidence that
glioma cells spontaneously secrete high levels of VEGF and
exhibit constitutive phosphorylation of p38 MAPK and/or
JNK. The basal levels of VEGF secretion were 16, 9, and 3
times higher in U87MG, U373MG, and T98G, respectively,
compared with VEGF secretion levels in HFL. Experiments
using inhibitors of MAPKs showed that inhibition of p38
MAPK and/or JNK suppressed both basal and IL-1-
stimulated secretion of VEGF in these cell lines. Constitutive
phosphorylation of p38 MAPK and JNK were observed in
these glioma cell lines. The effects of exogenous IL-1 on
VEGF secretion were small in U87MG and U373MG and no
enhanced phosphorylation of p38 MAPK and JNK was
observed in these cells. These findings indicate that VEGF
secretion was regulated via p38 MAPK and/or JNK pathway
in these glioma cell lines under normoxic conditions. In A172,
VEGF secretion was very low in both the presence and
absence of IL-1ß, although expression of VEGF mRNA
under steady-state conditions was quite clear and both p38
MAPK and JNK were activated by IL-1 stimulation. These
effects may indicate the lack of a signal peptide necessary
for VEGF secretion in A172 cells, or may be indicative of
disorders in post-transcription regulation. 

COX-2 is an inducible enzyme catalyzing the production
of PGs from arachidonic acid at sites of inflammation
(34,38). Selective COX-2 inhibitors can block tumor angio-
genesis via inhibition of VEGF expression (21,23,24,42).
High-grade glioma tissues exhibit high levels of COX-2
protein (15,16,25-27,36). NS-398, a specific inhibitor of
COX-2, significantly reduces the proliferation, growth, and
migration of cultured human gliomas (16,26). These lines
of evidence have contributed to the hypothesis that COX-2-
mediated signaling pathways are closely related to increased
levels of VEGF in gliomas. However, contrary to this hypo-
thesis, our findings clearly indicate that COX-2 does not
contribute to increased levels of VEGF in glioma cells under
normoxic conditions.

Several studies have shown that the PI3-K/Akt pathway
mediates hypoxia-induced VEGF expression in ras-transformed
cells (21,22). The PI3-K pathway and the ERK1/2 MAPK
pathway are known to be downstream of Ras (29). Induction
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Figure 5. (A) Production of IL-1ß and IL-6 from glioma cells under steady-
state conditions. Cells were incubated for 48 h with MEM containing 0.5%
FBS. The concentrations of IL-1ß in cell extracts and those of IL-6 secreted
into the medium were measured with ELISA. Bar graphs show mean values
with standard deviations (error bars) calculated from three or more separate
experiments. *P<0.001 vs. U373MG, T98G, and A172 by unpaired t-test.
(B) Effects of receptor antagonist and receptor blocking antibodies on the
secretion of VEGF. Cells were cultured for 48 h in MEM with 0.5% FBS
containing actinomycin D (100 ng/ml), IL-1 receptor antagonist (100 ng/ml),
blocking antibodies to TNF receptor I (10 μg/ml), or TGFß-II receptor
(20 μg/ml). The concentrations of VEGF in the medium were measured with
ELISA. Bar graphs show mean values with standard deviations (error bars)
calculated from three or more separate experiments. *P<0.02 vs. control;
#P<0.001 vs. control by unpaired t-test.
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of VEGF in glioblastomas under ionized radiation (37) or
acidic extracellular pH conditions (29) is reportedly mediated
by activation of AP-1 via the ERK1/2 signaling pathway.
The astrocytic tumors, regardless of grade, had the highest
overall degree of ERK1/2. Particular to glioblastomas, micro-
vascular hyperplasia and necrosis were associated with
activation of ERK1/2 in tissues adjacent to tumor cells (38).
However, the regulatory mechanism underlying the cytokine-
induced expression of the VEGF gene has been shown to
differ from that induced by hypoxia (19). Our findings that
neither inhibitors of ERK1/2 nor PI3-K affect the basal or
IL-1-stimulated secretion of VEGF from any glioma cell line
support the notion that basal levels of VEGF secretion are
regulated by mechanisms different from those induced by
hypoxia. 

The human VEGF promoter contains sequences
corresponding to the HIF-1, AP-1, AP-2, and SP-1 binding
sites. The HIF-1 and AP-1 binding sites have been shown to
be essential for VEGF induction by hypoxia (12,13). The
AP-2 and SP-1 binding sites are located in promoter region
85-50 bp, which confers responsiveness to transforming
growth factor-·, IL-1, and TNF-· (19,39-41). Ryuto et al
(19) indicated that four clustered SP-1 binding sites are
important for both basal transcription and TNF-·-induced
transcription of the VEGF gene in glioma cells. In cardiac
myocytes, activation of p38 MAPK and JNK may play a
role in IL-1ß-mediated VEGF gene expression by trans-
criptional activation via SP-1 (40). Xiong et al (42) showed
that heregulin-ß1 up-regulates VEGF secretion from breast
cancer cell lines via the p38 MAPK pathway. These results
are quite consistent with our data; glioma cells spontaneously
secrete high levels of VEGF via constitutive activation of p38
MAPK and/or JNK, which are usually activated by cell
stresses and some cytokines, including IL-1 and TNF-·. 

Malignant gliomas express high levels of VEGF not only
in hypoxic regions, which are generally located near necrotic
areas, but also at the extreme periphery of the tumor tissue
where there is no hypoxia (7). Our results are in line with this
observation and indicate the presence of a signaling pathway
involved in VEGF secretion in malignant gliomas under
normoxic condition that differs from the signaling pathways
involved under hypoxic condition. The constitutive phos-
phorylation of p38 MAPK and/or JNK in glioma cells
indicated the presence of intrinsic factors that could activate
p38 MAPK and/or JNK. Upon this hypothesis, we identified
a potential contribution of autocrine secretion of IL-1ß to the
increased level of basal VEGF secretion only in U87MG.
This may be due to an incomplete screening for the candidate
intrinsic factors in the present study. Okajima et al (43)
showed that in rat liver cells, VEGF expression was positively
regulated by p38 MAPK in v-raf and v-myc transformed cells
but not in parent or v-ras transformed cells. Because the
expressed proto-oncogenes in glioblastomas are not found in
ras but quite abundant in myc and raf (44), it is conceivable
that raf and myc could contribute to the constitutive phos-
phorylation of p38 MAPK and/or JNK in malignant gliomas. 

The role of tumor cells at the periphery of malignant
gliomas is quite important because they are instrumental in the
process of tumor invasion into the surrounding normal brain
tissues. Tumor cells on the periphery of malignant gliomas

interface with normal brain tissues, exhibit no hypoxia, need
neovascularization, and interact with reactive astrocytes and
infiltrating lymphocytes that have been shown to secrete various
cytokines, including IL-1 and TNF-· (45,46). The signaling
pathways of VEGF secretion in malignant gliomas under
normoxic condition involve p38 MAPK and/or JNK and may
be distinct from those under hypoxia. These observations and
findings will facilitate the creation of effective antiangiogenic
approaches for currently incurable malignant gliomas.
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