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Abstract:  Objective: To investigate the relationship between the expression of endothelial nitric oxide synthase (eNOS), vas-
cular endothelial growth factor (VEGF) and angiogenesis in primary astrocytoma. Methods: Thirty-seven primary astrocytomas
and 4 astrocytic hyperplasia samples were collected and divided into three groups according to histological grade. The expression
of eNOS, VEGF and factor VIII related antigen (FVIIIRAg) were assayed by immunohistochemistry. Microvascular density was
assessed by FVIIIRAg immunoreactivity. The intensity of immunoreactivity was graded according to the percentage of positive
tumor cells. Results: No eNOS and VEGF were expressed in the astrocytes and vascular endothelium in astrocytic hyperplasia.
The expression of eNOS or VEGF was light in low-grade astrocytoma and strong in glioblastoma. eNOS expression in astrocy-
toma was very positively correlated with VEGF. eNOS and VEGF expression in anaplastic astrocytoma was median in contrast to
the low grade astrocytoma and glioblastoma. Lower microvascular density was found in low grade astrocytoma than that in higher
grade malignant ones. The expressions of eNOS and VEGF were correlated with microvascular density and tumor malignancy.
Conclusion: This finding suggests that eNOS and VEGF may have cooperative effect in tumor angiogenesis and play an important
role in the pathogenesis of primary astrocytoma.
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INTRODUCTION tumor malignancy and prognosis (Bian ef al., 2000).

Therefore, elucidation of the pathophysiology of

Primary astrocytoma is one type of neuroepi-  yymor angiogenesis will be helpful for developing
thelial tumor and can be divided into several grades therapeutic strategies for primary astrocytoma.

according to its malignancy. However, the etiology Nitric oxide (NO) is an inorganic free radical

and pathophysiology are unclear and effective ther-

apy is unavailable. Recently, tumor angiogenesis was

gas synthesized from L-Arginine by nitric oxide
synthase (NOS) and mainly acts as signal and cyto-
found to be very important to tumor growth, inva-  (oxic molecule. It has been demonstrated that NO is
siveness, metastasis and prognosis. Clinical studies  ,, important factor in the development of some tu-
found that density of microvessels is closely related to  10rs (Zhang et al., 2003). Three isoforms of NOS
have been identified: neural NOS (nNOS), inducible
‘Corresponding author NOS (iNOS) and endothelial NOS (eNOS). eNOS
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plays a very important role in the regulation of vaso-
dilation and vascular permeability. Excessive ex-
pression of eNOS was found in several kinds of tu-
mors and could influence tumor blood supply.

Vascular endothelial growth factor (VEGF) is
also crucial to tumor angiogenesis (Zachary and Gliki,
2001). VEGF family is essential for endothelial cell
differentiation and for the sprouting of new capillaries
from preexisting vessels during development. In vitro
studies indicated that VEGF can promote prolifera-
tion of endothelial cell and vascular permeability
(Zachary and Gliki, 2001). A series of intracellular
signal transduction initiated by NO is synthesized by
eNOS partially induce the process. eNOS can be
activated by VEGF through PI-3K/Akt kinase
(Koistinen et al., 2001). NO can up-regulate VEGF
expression (Wang et al., 2001). Up to date, however,
there is no report about alternation of eNOS in rela-
tion to density of microvessels, vascular endothelial
growth factor (VEGF), malignancy and prognosis in
situ. Therefore, we investigated the relationship be-
tween eNOS, VEGF expression and density of mi-
crovessels, malignancy and prognosis in human pri-
mary astrocytoma.

METHODS

Tissue samples

Thirty-seven samples were obtained from pa-
tients with primary astrocytomas in the First Affili-
ated Hospital of Zhejiang University. Four astrocytic
hyperplasia samples were obtained from the patients
with other brain lesions (brain injury, cavernous an-
gioma, or arteriovenous malformations) as control.
There were 23 male and 14 female patients in the
group. The ages of the patients ranged from 4 to 71
years, the mean age was 38 years. The 37 astrocy-
tomas were diagnosed as low-grade astrocytoma in 6
cases, anaplastic astrocytoma in 12 cases, and
glioblastoma in 19 cases. The histological grade of
the tumors was classified according to the World
Health Organization Criteria (Percy et al., 1990)
(Astrocytoma was categorized into low-grade astro-
cytoma, anaplastic astrocytoma and glioblastoma).

Immunohistochemical analysis
Formalin-fixed, paraffin-embedded specimens

were used for this study. Sections (4 um) were de-
paraffinized in xylene and rehydrated through a
graded ethanol series to water after a wash in 0.05
mol/L Tris-buffered saline (TBS) (pH 7.6), immersed
in 0.01 mol/L citrate buffer (pH 6.0) and micro-waved
two times, for 10 min each time, for antigen retrieval.
Slides were then cooled to room temperature and
rinsed in TBS for 5 min. Endogenous peroxidase was
blocked by a 30-min incubation in TBS containing
3% hydrogen peroxide, at room temperature. After
additional washing in TBS, nonspecific binding was
blocked with 7.5% normal goat serum at 37 °C tem-
perature for 30 min. The samples were incubated
overnight at 4 °C with rabbit polyclonal antibody
against human eNOS (1:50 dilution; Boster Biotech-
nical Corp., Wuhan, China), mouse polyclonal anti-
body against human VEGF or mouse monoclonal
antibody against human factor VIII related antigen
(FVIIIRAg) (1:50 dilution; Zhongshan Biotechnical
Corp., Beijing, China). Immunostaining for eNOS
and VEGF, FVIIIRAg were performed in serial sec-
tions. Sections were washed with TBS three times, for
5 min each time, and were then incubated with
bioaylated goat anti-mouse IgG and anti-rabbit IgG
mouse polyclonal antibody against human VEGF
(Zhongshan Biotechnical Corp., Beijing, China) at
room temperature for 30 min. After two 5 min rinses
with TBS, the sections were treated with peroxi-
dase-conjugated streptavidin (Zhongshan Biotechni-
cal Corp., Beijing, China) for 30 min at 37 °C. Dia-
minobenzidine/hydrogen peroxide was used as a
chromogen, and a hematoxylin counterstain was ap-
plied. Sections were dehydrated in alcohol, cleared in
xylene, and mounted. The specimen from patient of
mammary adenocacinoma was used as a positive
control and was confirmed to show the same intensity
of immunoreactivity for eNOS or VEGF in each batch
of staining. Normal rabbit serum was used as the
negative control for eNOS and VEGF.

In the tumor tissue, the positive cell was the
yellow or brown-yellow cell stained by three kinds of
antibodies. Then, the percentage of positive tumor
cells was counted under microscope and was used as
labelling index (LI) which is equal to the number of
positive cells in the number of counted cells. LI was
used to classify the tumor into 4 grades: grade 0
(LI<5%); grade 1 (5%<LI<25%); grade 2
(25%<LI<50%); grade 3 (LI>50%). The intensity of
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immunoreactivity for eNOS or VEGF in tumor ves-
sels was graded on a scale of grades 1~3: grade 1:
slight staining or no detectable staining; grade 2:
moderate staining; grade 3: intense staining.

Density of microvessels

Under microscope, endothelial cells were yellow
or brown-yellow stained by FVIIIRAg antibodies. So,
the density of microvessels (MVD) in tumor tissue
was assessed by the number of FVIIIRAg-positive
microvessels per microscopic field.

Statistical analyses

SPSS10.0 statistical software was applied and
the results were analyzed by Mann-Whitney tests and
Spearman rank correlation. For all statistical analyses,
a value of P<0.05 was considered to be significant.

695

RESULTS

Relationship between eNOS expression and tumor
malignancy

There were no eNOS expression in the astro-
cytes and vascular endothelium in astrocytic hyper-
plasia. In low-grade astrocytoma, eNOS LI (eNOS-ir)
was low and the tumor cells were mainly lightly
stained, but the vascular endothelial cells were stained
obviously (Fig.1a). eNOS was strongly expressed in
glioblastoma (Fig.1b). The strongest expression was
localized in the tumor cells giant around the necrotic
region. There were many eNOS positive microvessels
and deeply stained endothelial cells, and some
glomerulus-like positive vascular structures in the
glioblastoma (Fig.1c). eNOS expression in anaplastic
astrocytoma (Fig.1d) was median compared to that in
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Fig.1 (a) Low grade astrocytoma: Light and few expressions of eNOS in tumor cell, but comparatively strong in the vas-
cular endothelial cells (immunohistochemical staining x400); (b) Glioblastoma: eNOS strongly expressed in tumor cells
(immunohistochemical staining x400); (c) Glioblastoma: Glomerulus-like eNOS positive vascular structure (immunohis-
tochemical staining x400); (d) Anaplastic astrocytoma: Median expression of eNOS in tumor cells (immunohistochemical
staining x400); (e) Low grade astrocytoma: Light expression of VEGF in a few tumor cells, but obvious in the vascular
endothelial cells (immunohistochemical staining x400); (f) Anaplastic astrocytoma: Median expression of VEGF in tumor

cells (immunohistochemical staining x400)
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the low grade astrocytoma and glioblastoma. The
positivity and the stain degree of the tumor cells and
endothelial cells varied in the anaplastic astrocytoma.
Except for astrocytic hyperplasia and low-grade as-
trocytoma, there were significant differences between
all other groups (P<0.05) (Table 1).

Relationship between VEGF expression and tu-
mor malignancy

The astrocytes and vascular endothelium present in
astrocytic hyperplasia were not stained. The distribution
of VEGF was in accordance with eNOS in astrocytoma.
There were not stained or a few lightly stained tumor
cells in low-grade astrocytoma, but the endothelial
cells in the bigger vessels were stained obviously
(Fig.1e). In anaplastic astrocytoma and glioblastoma,
the tumor cells were stained darker (Fig.1f) and the
labelling index of tumor cells (VEGF-ir) became
higher when the astrocytoma became more and more
malignant. There was also significant difference be-
tween all groups (P<0.01) (Table 1).

Table 1 eNOS-ir, VEGF-ir, MVD in astrocytic hyper-
plasia and astrocytoma

Grade No. eNOS-ir (%) VEGF-ir (%) MVD (mf)
H 4 0.00 0.00 8.25+1.71
LA 6 3.07+2.24" 4434233 11.83+3.50
AA 12 31.35+19.177 23.85+13.34"  20.87+4.57"
GBM 19 71.20+£13.98™ 58.63+15.02 34.72+9.56"
Total 41 42.61+32.13  34.80426.76  24.73+12.35

Note: Analyzed with Mann-Whitney tests. ~: Compared with pre-
vious groups, P<0.05; ~': Compared with previous groups, P<0.01.
eNOS-ir: Labelling index of eNOS; VEGF-ir: Labelling index of
VEGF; MVD: Microvascular density; H: Astrocytic hyperplasia;
LA: Low-grade astrocytoma; AA: Anaplastic astrocytoma; GBM:
Glioblastoma; mf™': per microscopic field

Relationship between MVD and tumor malig-
nancy

There was no FVIIIRAg in the tumor cells.
Relatively lower MVD was shown in low-grade as-
trocytoma compared to that of more malignant ones
(Table 1). Most vessels found in astrocytic hyperpla-
sia and low-grade astrocytomas were bigger vessels.
In contrast, there were a lot of microvessels in
glioblastoma.

Relationship between eNOS, VEGF expression
and MVD
The laws governing eNOS expression have some

correlation with VEGF and MVD in astrocytoma and
astrocytic hyperplasia (Fig.2). MVD and the positivity
of eNOS and VEGEF increased with higher histologi-
cal grade, eNOS-ir, VEGF-ir and MVD were higher
in glioblastoma than in anaplastic and low-grade
astrocytoma. eNOS, VEGF and MVD positively
correlated with each other.
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Fig.2 The obvious positive correlation of the expression
of eNOS and VEGF

eNOS-ir: Labelling index of eNOS; VEGF-ir: Labelling index of
VEGEF; Cases 1—4: Astrocytic hyperplasia; Cases 5—10: Low-grade
astrocytoma; Cases 11-22: Anaplastic astrocytoma; Cases 23—41:
Glioblastoma

DISCUSSION

Previous reports demonstrated that eNOS-derived
NO promotes vasodilation, inhibits smooth muscle cell
growth and diminishes platelets aggregation. eNOS
was excessively expressed in various tumor cells,
promoting angiogenesis and providing essential blood
supply for tumor growth (Ziche and Morbidelli, 2000).
NO was mainly synthesized by eNOS and nNOS in
glioblastoma. In present study, we demonstrated that
eNOS expression in tumor cells and microvessels were
correlated with histological grade in primary astro-
cytoma in situ, corresponding to Iwata et al.(1999)’s
observations. We also found that there were no eNOS
expressed in astrocytic hyperplasia. Our results sug-
gested that over-expressed eNOS in astrocytoma play
a crucial role in tumor angiogenesis.

Tumor angiogenesis is the process that the ne-
ovasculature sprouting from tumorous tissue and its
surroundings which is important to invasiveness and
metastasis, and related closely to malignancy and
prognosis of tumor (Iwata et al., 1999). Angiogenesis
consists of vasodilation and hyperpermeability, en-
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dothelial proliferation, remodeling of extracellular
matrix, endothelial migration and formation of cel-
lular cord, tubular structure formation. The processes
are tightly regulated by actions of NO. NO is synthe-
sized by eNOS in endothelial cell via GC/cGMP
(guanylate cyclase/cyclic guanosine monophosphate)
inhibit platelet aggregating, keep vessels in dilation
and hyperpermeability.

NO can act on MAPK (mitogen activated protein
kinase), promote mitosis and proliferation of endo-
thelial cell (Bian et al., 2000). However, free radi-
cal-ONOO derived from interstitial NO act on
MMPs (matrix metalloproteases) or inhibit the effect
of TIMPs (tissue inhibitor of metalloproteases), this
make MMPs more active (Phillips et al., 2001),
change the ingredients of extracellular matrix, help
the movement of endothelial cell and formation of
cellular cord.

In the present study, eNOS was found not only in
endothelial cells but also in tumor cells, NO produced
by endothelial cells and tumor cells could work in
vascular structure and extracellular matrix simulta-
neously. But because of the semi-life of NO is very
short and its effective distance is very close, the lo-
cation of eNOS indicated its possible that NO pro-
duced by endothelial cell act mainly on the sur-
rounding endothelial cells, blood ingredients and
other vascular structures, keep vessels in dilation,
promote the proliferation and movement of endothe-
lial cells. However, NO produced by tumor cells
works on the interstitium mainly, changes the con-
struction of extracellular matrix, and helps endothe-
lial cells move to form cellular cord. The correlation
between positivity of tumor cell and positive degree
of microvessels demonstrated that NO produced by
endothelial cells and tumor cells have a cooperative
effect in tumor angiogenesis.

Vascular growth factor family (esp. VEGF) have
a definite effect of dilating vessels, promoting tumor
blood supply, angiogenesis, proliferation, movement
of endothelial cell and formation of tubular structure
through several mechanisms (Ludwig et al., 2000).
Nishikawa (1998) found VEGF expressed in all kinds
of brain tumors, and its expression was related to
tumor malignancy. Our study also found highly ex-
pressed VEGF had an obvious positive correlation
with tumor malignancy and microvascular density in
astrocytoma.

VEGF promote angiogenesis through a lot of
pathway (Zachary and Gliki, 2001). Several studies
show that lots of effect of VEGF was achieved
through eNOS/NO (Morales-Ruiz et al., 2000).
VEGF act on Flk-1/KDR (Koistinen et al., 2001),
then through PI3K/Akt act on Ser1177 or Ser1179 in
eNOS of endothelial cells to active eNOS (Fulton ef
al., 1999), produce NO to dilate vessels and promote
angiogenesis. Murohara et al.(1998) and co-workers
guessed that angiotrophic effect of VEGF would
weaken, and even disappear when eNOS is lacking in
eNOS knocked-out mouse. Fukumura et a/.(2001)
thought that VEGF only had effect on eNOS to pro-
duce NO, but no effect on iNOS. Besides, VEGF can
promote eNOS expression by stimulating endothelial
through Flk-1/KDR (Bouloumie ef al., 1999) and NO
can promote VEGF expression directly or through
second messages such as protein enzymes, calcium in
cell (Wang et al., 2001).

We found the distribution of eNOS was unified
with VEGF finely, which suggest that eNOS and
VEGF have a cooperative effect. This give a mor-
phological support in situ to the studies mentioned
above. The status is more obvious in the necrotic area
in coordination with the research of Kimura et
al.(2000), we suggested that NO can act on NRE
(hypoxia response element) or elevate HIF-1 (hy-
poxia inducible factor-1), then promote the expres-
sion of VEGF.

In this study, eNOS and VEGF are correlated to
microvascular density, suggesting that anti-angiogenic
therapy could be a new therapeutic strategy of astro-
cytoma. In fact, a few animal experiments focusing on
this strategy had been done. For example, Swaroop et
al.(2000) found that NOS inhibitor could decrease
blood supply of glioma and add tumor necrosis, then
give a therapeutic efficiency. Our research provide the
morphological proof of tumor tissue in situ, suggesting
that inhibit eNOS combined with VEGF receptor could
probably produce the more effective anti-angiogenic
effect.
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