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Fig. 1. Northern blot analysis of TGF-a, TGF-8,
bFGF, and VEGF in 12 glioma samples (A) and 11
meningioma samples (B). Fifteen ug of total RNA
were electrophoresed on a 1% agarose-formalde-
hyde gel which was then transferred to a nylon
membrane and hybridized with various radiola-
beled cDNA probes. As a control, we also used a
GAPDH cDNA probe. Various mRNA levels of 4
growth factor genes were observed.
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analyzer (Fuji Photo Film Co., Tokyo, Japan). The expression indices of
VEGF, bFGF, TGF-a, or TGF-B were presented when normalized by the
GAPDH mRNA level in each sample.

Vascular Counting. As a parameter to express tumor angiogenesis, the
number of microvessels within the tumor tissue was counted under light
microscopy using immunohistochemically stained sections. All specimens
were cut into 6-pm slices in a cryostat and mounted on gelatin-coated slides.
For the immunohistochemical study, von Willebrand factor (factor VIII) was
stained to detect endothelial cells as described previously (42). After fixation
with cooled acetone for S min, frozen sections were immersed in 3% hydrogen
peroxide in methanol for 30 min for the endogenous peroxidase block. The
murine monoclonal anti-factor VIII antibody was purchased from Dako
(Glostrup, Denmark) as a primary antibody. It was diluted 200-fold with PBS
and the specimens were incubated with primary antibody at 4°C overnight. The
streptavidin-biotin method was used with the Histofine SAB (M) kit (Nichirei
Co., Tokyo, Japan). After a washing in PBS, the sections were visualized by
incubation with 300 pg/ml of diaminobenzidine tetrahydrochloride (Wako
Pure Chemical Industries, Ltd., Osaka, Japan) in 0.05 M Tris buffer (pH 7.6)
containing 0.003% hydrogen peroxide for S min. The vascular count was
expressed as the number of microvessels observed in an area of 1.035 mm?
using light microscopy. In all samples, the number of microvessels was
counted in five different areas and then we calculated their mean.
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Statistics. The data were analyzed statistically by checking Pearson’s cor-
relation coefficient, and the criterion for statistical significance was P = 0.05.

RESULTS

Expression of TGF-a, TGF-B, bFGF, and VEGF mRNA in
Gliomas and Meningiomas. We carried out a Northern blot analysis
to examine whether any angiogenic growth factor was expressed in
brain tumors. An example of a Northern blot analysis of TGF-a,
TGF-B, bFGF, VEGF, and GAPDH (internal control, 1.3 kilobases)
mRNA in the glioma and meningioma samples was presented (Fig. 1).
The tumor mRNA level of the 4 growth factors in all gliomas and
meningiomas were determined when normalized by those of the
GAPDH gene. The expression indices were obtained to compare
which growth factor correlates with vascularity within the tumor
tissue among the 4 different growth factors and are summarized in
Tables 1 and 2. Although the samples were limited in number, there
appeared to be no close correlation between the histological tissue
type and the level of each growth factor mRNA expression. The bFGF
and VEGF genes were expressed in various degrees in both gliomas

Table 1 Expression of growth factors and vascular counts in gliomas

Expression index”

Case VEGF bFGF TGF-a TGF-B Vascular count® Histology

1 0.312 0.092 0.724 2.144 15.8 Astrocytoma

2 1.001 0.119 1112 1.281 55.6 Astrocytoma

3 0.311 0.099 0.346 0.973 45.0 Astrocytoma

4 0.275 0.155 1.698 1.271 26.6 Astrocytoma

5 0.094 0.092 0.095 0.391 40.2 Astrocytoma

6 0.133 0.110 0.133 0.630 24.2 Astrocytoma

7 0.439 0.096 0.419 0.985 40.6 PNET"

8 0.564 0.067 0.388 1415 132.2 Ependymoma

9 1.105 0.058 0.240 1.039 9.4 Ependymoma
10 0.516 0.063 0.443 1.108 60.8 Glioblastoma
11 0.372 0.127 0.381 1.709 134 Glioblastoma
12 0.641 0.075 0.709 1.695 418 Glioblastoma
13 0.389 0.069 0.495 0.990 422 Glioblastoma
14 0.468 0.118 0.273 1.568 65.0 Oligodendroglioma
15 0.592 0.162 1.234 1.728 20.2 Oligodendroglioma
16 0.451 0.091 0.654 2.205 11.6 Medulloblastoma
17 0.357 0.038 0.344 1.360 11.6 Medulloblastoma

“ The expression indices of growth factors were presented when normalized by the GAPDH mRNA level.
® The vascular count was expressed as the number of microvessels observed in an area of 1.035 mm? using light microscopy.

“ PNET, primitive neuroectodermal tumor.
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Table 2 Expression of growth factors and vascular counts in meningiomas

Expression index?

Case VEGF bFGF TGF-a TGF-B Vascular count” Histology
21 0.607 0.062 0.309 0.902 49.2 Meningotheliomatous
22 0.576 0.172 0.475 1.875 60.6 Meningotheliomatous
23 1.237 0.063 0.946 1.909 286.0 Meningotheliomatous
24 0.266 0.088 0.212 1.306 104 Meningotheliomatous
25 0.491 0.063 4.636 3.735 16.8 Meningotheliomatous
26 0.469 0.095 0.643 1.859 125.0 Transitional
27 0.359 0.134 0.597 2.300 27.0 Transitional
28 0.280 0.131 0.373 1.987 228 Transitional
29 0.367 0.158 0.335 2.146 18.8 Fibrous
30 0.318 0.052 0.268 1.296 10.6 Fibrous
31 0.460 0.093 0.701 1.916 89.8 Fibrous
32 0.557 0.060 0.272 0.654 95.4 Angiomatous
33 0.039 0.095 0.019 0.574 16.4 Psammomatous
34 0.280 0.038 0.152 0.734 40.8 Anaplastic
35 0.260 0.028 0.368 0.748 17.2 Anaplastic
36 0.260 0.032 1.961 0.689 145.0 Anaplastic

“ The expression indices of growth factors were presented when normalized by the GAPDH mRNA level.
® The vascular count was expressed as the number of microvessels observed in an area of 1.035 mm? using light microscopy.

and meningiomas. Glioma cases 2, 8, 9, 10, 12, and 15 and menin-
gioma cases 21, 22, 23, and 32 expressed a high level of 3.9-kilobase
VEGF mRNA with mRNA expression indices over 0.5. There ap-
peared to be an expression of bFGF 7.0-kilobase mRNA in gliomas
cases 2, 4, 11, and 15 and in almost all cases of meningiomas. TGF-«
and TGF-B mRNA, with sizes of 4.5 and 2.5 kilobases, respectively,
were expressed in most of the gliomas and meningiomas at varying
levels.

Determination of Vascular Development. Fig. 2 demonstrated
examples of immunohistochemical staining for factor VIII. Prominent
tumor vessels were observed in case 9 (glioma; Fig. 2A) and case 23
(meningioma; Fig. 2B), and both showed relatively higher VEGF
mRNA levels (Fig. 1). By contrast, there appeared to be a poor
development of tumor vessels in case 1 (glioma; Fig. 2C) and case 29
(meningioma; Fig. 2D), and both showed relatively lower VEGF
mRNA levels (Fig. 1).

The vascular counts in gliomas and meningiomas are summarized
in Tables 1 and 2, respectively. They were 43.6 + 31.0 (SD) in the
gliomas and 61.2 + 69.6 in the meningiomas.

Correlation of Growth Factor mRNA Level and Vascularity.
We then examined which growth factor was the most closely corre-
lated with vascularity in human brain tumors. On the basis of the data
in Tables 1 and 2, we made a statistical analysis using Pearson’s
correlation coefficient. Scattered charts with regression lines are
shown in Fig. 3. The correlation coefficients between the vascular
counts and the expression indices of the four growth factors were
0.499 (VEGF), -0.342 (bFGF), -0.247 (TGF-a), and -0.244 (TGF-B)
in gliomas (n = 17) and 0.779 (VEGF), -0.211 (bFGF), 0.084 (TGF-
a), and -0.030 (TGF-B) in meningiomas (n = 16), respectively. The
VEGF mRNA levels were then statistically correlated with tumor
vascularity in gliomas (P < 0.05) and meningiomas (P < 0.001).
VEGF was thus considered to be a candidate factor to induce angio-
genesis in both the gliomas and meningiomas, while the other 3
growth factors were determined not likely to possess such an ability.

DISCUSSION

Our present study demonstrated that the expression of the VEGF
gene, but not that of bFGF, TGF-a, and TGF- genes, appeared to be
closely correlated with vascularity in both human gliomas and men-
ingiomas. Human gliomas produce a high level of bFGF (16, 36-38),
which suggests the existence of a paracrine control of tumor angio-
genesis. The in vitro model system for angiogenesis, tubular morpho-
genesis in bovine aortic endothelial cells, is enhanced by a co-culture

human glioma cells expressing high bFGF mRNA levels, and this
phenomenon is inhibited by the coadministration of neutralizing
bFGF antibody (16). Furthermore, human glioma cell lines, which
have a high level of bFGF mRNA, efficiently develop capillary
networks in mice (16). Although the expression of bFGF in tumor cell
lines or vascular endothelial cells is also considered to be responsible
for angiogenesis in various model systems in vitro as well as in vivo
(5,6, 12-16), our data using clinical samples suggest that tumor
angiogenesis in human gliomas and meningiomas is not likely due to
the enhanced expression of bFGF in tumors.

In human microvascular endothelial cells, EGF and its related
TGF-a induce cell migration and tubular morphogenesis in an in vitro
model system (22-28). Human microvascular endothelial cells induce
tube-like structures in type I collagen gel when cocultured with
TGF-a producing esophageal cancer cells or keratinocytes, while the
administration of neutralizing antibody against TGF-a blocks tubular
morphogenesis by microvascular endothelial cells (24, 28). However,
our present study suggested that it is unlikely that TGF-a was in-
volved in the angiogenesis of brain tumors. On the other hand, TGF-8
often blocks bFGF- or EGF/TGF-a-induced angiogenesis in the in
vitro model systems (24, 29). The expression of TGF-B was thus
expected to control angiogenesis as a negative factor in vivo. Our
present study demonstrated that there appeared to be no negative
correlation with the vascular counts in either gliomas or meningiomas.

VEGEF is apparently up-regulated in central nervous system tumors
in comparison with normal brain (43). There have been several reports
on the localization of VEGF mRNA in tumor cells within human brain
tumor tissue specimens using the technique of in siru hybridization
(34, 41). 1t is also considered that the expression of VEGF mRNA
within the tumor tissue in the present study is mainly derived from
tumor cells and not from either endothelial cells or other cells. We
have also examined the expression of VEGF mRNA in clinical
samples of hemangioblastomas, neurinomas and metastatic brain tu-
mors from lung cancer, and it was concluded that VEGF might also
play an important role in the angiogenesis of those tumors because of
the up-regulation of VEGF mRNA in these tumors.* The expression
of VEGF is often increased in many human glioma cell lines.*

VEGF induces its signaling through interaction with its receptor, fIt,
carrying fms-like tyrosine kinase, which shows a 60% homology to
the platelet-derived growth factor receptor family (44—46). The high-
affinity tyrosine kinase receptor for VEGF, fl1, is not expressed in the

4 Unpublished data.
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Fig. 2. Inmunohistochemical staining of Factor
VIII in human brain tumors. Frozen sections (6
um) were incubated with anti-factor VIII antibody
and the streptavidin-biotin method was performed.
All vascular endothelial cells of frozen sections
were stained immunohistochemically with anti-fac-
tor VIII antigen. Prominent tumor vascularizations
were observed in A (glioma, case 9) and B (menin-
gioma, case 23). In contrast, the tumor vessels were
poorly developed in C (glioma, case 1) and D
(meningioma, case 29). X 100.
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Fig. 3. Correlation between the VEGF expression and vascularity in the glioma (A) and
meningioma (B) samples. The VEGF expression index and the vascular count were
deduced from Tables 1 and 2. In A, the regression line Y = 60.375X + 15.13 and the
correlation coefficient (r) = 0.499 (n = 17). In B, the regression line Y = 216.453X ~ 27.85
and the correlation coefficient (r) = 0.779 (n = 16).

normal brain endothelium but is up-regulated in the endothelium of
the human gliomas, which thus suggests a paracrine control by VEGF
of angiogenesis in brain tumors (41). Millauer et al. (47) have further
demonstrated that human glioma growth in nude mice is inhibited by
a dominant-negative flk-1 mutant (47). A relevant study by Kim er al.
(48) also demonstrated that anti-VEGF mAb administration can in-
hibit the tumor growth of human rhabdomyosarcoma, glioblastoma
multiforme, or leiomyosarcoma cell lines in nude mice. In the rat
glioma model of tumor angiogenesis, the VEGF receptor family, fiz-1
or flk-1, is expressed in endothelial cells within the tumor, while
VEGEF itself is expressed in the rat glioma cells (49). In this model,
VEGF, but not bFGF or PDGF-B, is specifically induced in response
to hypoxia (49). On the other hand, VEGF, which is highly hypoxia
inducible in glioma cells, is considered to mediate hypoxia-initiated
angiogenesis in brain tumors (34). These recent findings suggest the
common notion that the flt/VEGF system may play a role in the
angiogenesis of solid tumors, in particular brain tumors. In line with
this theory, our present study with clinical samples may also indicate
that the up-regulation of VEGF may contribute to the neovascular-
ization of human gliomas and meningiomas.
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