
&p.1:Abstract Angiogenesis is an important part of normal
and pathological processes, including tumour growth,
metastasis, inflammation and wound healing. VEGF is
the best known angiogenic factor, implicated in tumour-
associated microvascular hyperpermeability and carcino-
genesis. We investigated 103 malignant pleural mesothe-
liomas, analysing the expression of vascular endothelial
growth factor using immunohistochemistry and insitu
hybridization. The grade of microvessel density was as-
sessed with the aid of anti-factor-VIII antibodies. An in-
creased expression of VEGF was found in biphasic and
epithelioid mesotheliomas, correlating in a statistically
significant manner (P<0.042). Insitu hybridization con-
firmed the specificity of VEGF mRNA expression. There
was a robust correlation between VEGF expression and
increased microvessel density (P<0.001), and positive
mesotheliomas had significantly higher microvessel den-
sities than negative specimens. There was also a signifi-
cant correlation between microvessel density and histo-
logical pattern. As growth pattern tended towards bipha-
sic and sarcomatoid mesotheliomas the density of mico-
vessels decreased (P<0.05).
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Introduction

Angiogenesis is a an essential part of a variety of physio-
logical and pathological processes, including carcinogen-
esis, metastasis, inflammation and wound healing. An-
giogenesis implies neovascularization or formation of
new blood vessels from pre-existing microvessels. Carci-
nogenesis is known to be dependent on neovasculariza-
tion, which may be caused by an imbalance of angiogen-
ic and antiangiogenic factors [10].

Vascular endothelial growth factor (VEGF), also
known as vascular permeability factor, is an peptide and
is reported to be secreted by a variety of malignant tu-
mours [2, 3, 5, 11, 14–18]. It is a potent inducer of mi-
crovascular permeability; on a molar basis it increases
microvascular permeability with a potency some 50,000
times that of histamine. VEGF is a heparin-binding, di-
meric glycoprotein with a selective mitogenic effect on
vascular endothelial cells in vitro and a direct angiogenic
effect in vivo [6, 9]. Different splicing of a single gene
transcript results in four protein isoforms (121, 165, 189,
and 206 amino acids) of the growth factor, with various
biological activities. The largest isoform remains cell as-
sociated, owing to its greater affinity to heparin-contain-
ing proteoglycans located in the cell membrane [8].
Three high-affinity tyrosine-kinase receptors are identi-
fied for VEGF in humans: KDR (kinase domain recep-
tor), flt-1 (fms-like tyrosine kinase) and a soluble form
of the VEGF flt-1 receptor [16].

VEGF is synthesized and secreted by a variety of hu-
man tumours [8, 14]. It is accepted that malignant tu-
mours have to induce a vascular stroma to grow beyond
a minimal size.

Diffuse malignant mesotheliomas of any histological
category grow by direct extension with encasement and
later infiltration of the lung [12]. They are rare tumours,
occurring in a large cases in patients with a history of ex-
posure to asbestos [12]. Nevertheless, malignant meso-
theliomas, like other tumours, must follow simple angio-
genic rules. Recently we described an increased expres-
sion of hepatocyte growth factor/scatter factor and over-
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expression of c-Met receptor in malignant mesothelio-
mas, closely correlated with increased microvessel densi-
ty [18].

Less is known about function of VEGF in malignant
mesotheliomas, and no information is available on the
role of VEGF in malignant pleural mesotheliomas or its
relationships to histological patterns.

The purpose of the present study was analyse 103 ma-
lignant pleural mesotheliomas with reference to expres-
sion of VEGF and the grade of microvessel density.

Materials and methods

One hundred and three formalin-fixed and paraffin-embedded bi-
opsy (33), resection (11) and obduction (59) specimens from the
archives of the German Mesothelioma Registry held in the Insti-
tute of Pathology were investigated. Sixty-nine specimens were
classified as mesothelioma A and 34, as mesothelioma B accord-
ing to the classification of the European Mesothelioma Panel [11].
There were 89 male and 14 female patients. Their median age
amounted to 65 years (range 42–91).

Forty-six specimens were classed as epithelioid, 46 as bipha-
sic, and 11 as of the sarcomatoid type [19].

Immunostaining of VEGF and factor-VIII expression was per-
formed using the alkaline phosphatase-anti-alkaline phosphatase
method (APAAP) [4] with a rabbit polyclonal antibody (Santa
Cruz, Calif.). Sections of 4µm were cut from formalin-fixed, par-
affin-embedded tissue specimens and mounted on poly-L-lysine-
coated slides. Paraffin sections were dewaxed by xylene, rehydrat-
ed and finally washed in Tris-Buffer (pH 7.6) for 10 min. VEGF
required proteinase-K predigestion in a working solution of
0.4 mg/ml (Dako) for 10 min at room temperature. The following

steps were optimized by an automatic staining system (Dako,
TechMate 500). Sections were incubated with the primary anti-
body solution for VEGF at a dilution of 1:400 and factor VIII at a
dilution of 1:30,000 for 25 min at room temperature. Slides were
rinsed in buffer (Buffer Kit, Dako) and immunoreaction was com-
pleted with the APAAP kit (Dako). The secondary antibody was
an alkaline phosphatase labelled monoclonal calf antibody, and the
detection antibody a monoclonal anti-calf mouse antibody. After
incubation with a chromogen alkaline phosphatase substrate (Fast
Red, Dako) specimens were counterstained with Mayer’s haema-
toxylin and coverslipped. The intensity of VEGF immunostaining
was evaluated semiquantitively by light microscopy (Leitz). The
amount of staining product was classified as showing no (-), slight
(+), moderate (++) or strong (+++) immunoreactivity.

The grade of neovascularization was assessed by microvessel
density, obtained by factor-VIII-related antigen staining that was
specific for endothelial cells. Specimens’ surface was quantified
with an automatic image analysing system (LUCIA, Nikon). Total
microvessels were assessed by light-microscopy. Microvessels
were also counted in selected areas of highest neovascularization.
Areas of highest neovascularization (hotspots) were found by
scanning the tumour sections at low magnification (×40) and se-
lecting the areas with the highest density of factor-VIII-staining

Fig. 1A–D Diffuse malignant pleural mesothelioma of epithelioid
histological pattern. A–C Immunohistochemical staining for vas-
cular endothelial growth factor (VEGF, A, B) and microvessels
(factor-VIII, C). D Nonradioactive insitu hybridization of VEGF
mRNA A Tumour cells and positively stained endothelial cells of
the neighbouring microvessels. Anti-VEGF antibody, bar 20µm.
B Intense staining of malignant cells. Bar 50 µm C Factor-VIII
microvessel staining close to tumour margin. Bar 50 µm D High
intensity of VEGF mRNA expression confirmed VEGF immuno-
staining. Intense transcript signals in the cytoplasm. Bar 20 µm&/fig.c:



microvessels. Individual hotspot counts were made on a ×100 field
(×10 objective and ×10 ocular, Leitz). In each specimen three val-
ues were determined leading to a mean value of microvessel densi-
ty. Measurement were all checked by a second pathologist. Micro-
vessel count was assessed by a method described by Weidner in
1995. Analyses of the vessel luming proved not to be necessary
for definition of a microvessels [20].

Insitu hybridization was carried out on formalin-fixed and par-
affin-embedded tissue specimens as previously described [21].

Tissue samples were labelled by digoxigenin using the random
primed oligolabelling method (Boehringer Mannheim, Germany).
VEGF cDNA, a 225-bp fragment subcloned into the
EcoRI/BamHI site of a pGEM 3 vector [2, 3], was a generous gift
from Harold F. Dvorak (Harvard Medical School and Beth Israel
Hospital, Department of Pathology, Boston, Mass.).

Tissue sections were analysed by a fluorescence microscope
(Leica). Specific binding of the FITC conjugate to digoxigenin
was monitored using hybridization solution without labelled
probes during the hybridization step as control. The Spearman
rank-order correlation test was applied for statistical analysis, with
P<0.05 taken as level of significance.

Results

VEGF expression was localized in malignant tumour
cells and in macrophages of alveolar spaces (Fig. 1A, B).
Normal mesothelial cells showed no detectable VEGF
expression. Endothelial cells of microvessels near the tu-
mours stained positive with anti-VEGF antibody
(Fig. 1A).

Expression of VEGF correlates with histological dif-
ferentiation (Fig. 2). Most of the epithelioid specimens
showed high or moderate immunoreactivity, whereas in
sarcomatoid malignant mesotheliomas we detected only
slight immunoreactivity or none at all (P<0.042). In to-
tal, 16 specimens stained strongly (+++) with anti-VEGF
antibodies, and 16 specimens out of 103 showed moder-
ate (++) immunoreactivity. Forty-four specimens
(42.7%) were labelled positive (slight/+) for VEGF; 25
specimens (24.3%) showed no immunoreactivity for
VEGF antibodies.

VEGF localization was confirmed by increased levels
of VEGF mRNA staining (Fig. 1D). Malignant tumour
cells and many of the activated macrophages in alveolar
spaces labelled strongly for VEGF mRNA. VEGF immu-
nostaining and VEGF mRNA expression could be spe-
cifically detected in the cytoplasm (Fig. 1D).

As VEGF expression increased the mean microvessel
count also increased. The mean microvessel count in
VEGF-negative specimens was 2.5 vessels/mm2, but in
specimens with strong VEGF immunostaining 27.0 ves-
sels/mm2 were found (Figs. 1C, 3). The correlation be-
tween these two variables was statistically significant
(Spearman rank order test, P<0.001).

Simultaneously, areas of highest neovascularization
(hotspots) were characterized by increased neovascular-
ization in correlation with an increased degree of anti-
VEGF antibody immunoreactivity (P<0.0025). These
neovascular clusters might occur anythere within the tu-
mour, but most frequently appeared at the margins
(Fig. 1C). The hotspot vessel count in VEGF negative
specimens was 24.0 vessels/mm2, the corresponding val-
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ue in the specimens with strong VEGF immunostaining
being 82.1 vessels/mm2 (Fig. 3.

There was a close correlation between growth pattern
and mean microvessel count/mm2 (P<0.05). Mesothelio-
mas with epithelioid growth pattern tended to higher mi-
crovessel densities than biphasic or sarcomatoid tu-
mours. Mean vessel count of 10.4 vessels/mm2 were
found in epithelioid tumours, 7.5 vessels/mm2 in bipha-
sic and 5.9 vessels/mm2 in sarcomatoid mesotheliomas.

Simultaneously, a close correlation between hotspots
and growth pattern was found (P<0.05). Decreasing tu-
mour differentiation was associated with decreasing hot-
spot microvessel densities.

Discussion

Angiogenesis is the formation of new blood vessels from
the established microcirculation. Tumour growth and
metastasis are angiogenic-dependent processes; a variety
of normal and pathologic processes are characterized by

Fig. 2 VEGF immunostaining in different histological types of
malignant mesotheliomas&/fig.c:

Fig. 3 VEGF immunostaining against mean microvessel
count/mm2 (P<0.001) and mean microvessel count/hotspot
(P<0.0025)



angiogenesis [8]. In recent years angiogenesis has be-
come a focus of interest in carcinogenesis. Recently, it
was shown that neovascularization takes place in the de-
velopment of hyperplastic, metaplastic and preneoplastic
lesions of the bronchial mucosa [7]. The ability to
change during development from preneoplastic lesions to
malignant tumours could be thought of as an imbalance
of angiogenic and antiangiogenic proteins [10], and tak-
ing this into account neovascularization could be used to
evaluate malignancy.

Anti-factor-VIII antibody is a good tool for differenti-
ation between microvessels and other tissue components.
Various studies have demonstrated a correlation between
neovascularization assessed by factor VIII staining and
metastasis [19], with a close correlation between manual
and automatic intratumour microvessel determination
[20].

In our study we observed a strong expression of
VEGF mRNA and protein in different histological sub-
types of malignant mesotheliomas, a close correlation of
microvessel count and hotspots with expression of
VEGF, and a significant correlation between histological
differentiation and microvessel count.

Few data exist on the role of VEGF in malignant
pleural mesotheliomas, but there are similar data for oth-
er tumours. Our data are consistent with the findings of
Brown et al. [3] and Takahashi et al. [16], who demon-
strated a strong correlation between VEGF expression
and vessel count in tumours of the gastrointestinal tract.

We also obtained new data on the histological differ-
entiation of malignant mesotheliomas, specifically on
VEGF expression and microvessel count in epithelioid,
biphasic and sarcomatoid tumour types. Expression of
VEGF was significantly more pronounced in epithelioid
tumours than in mesotheliomas with biphasic and sarco-
matoid histological differentiation. Complementary mi-
crovessel count and the number of hotspots decreased si-
multaneously. Our results tie in with a recent study pub-
lished by Kumar-Singh et al., who found increased ex-
pression of syndecan-1 in epitheloid mesotheliomas,
whereas its expression was reduced or lost in biphasic or
sarcomatoid differentiated tumours [13].

Less is known about the effect of histological pattern
on tumour biology, but it seems that VEGF is more im-
portant in mesotheliomas with an epithelioid histological
pattern than in biphasic or sarcomatoid types. As differ-
entiation decreases and the tumour reaches an increas-
ingly advanced stage, the growth pattern tends to change
to that of biphasic and sarcomatoid mesotheliomas, with
a greater frequency of necrosis and a decrease in the ex-
tent of inflammatory infiltrate [1].

Malignant mesotheliomas are rare tumours often as-
sociated with asbestos exposure. After a long period of
latency, asbestos exposure and chronic irritation, diffuse
malignant mesotheliomas of any histological category
grow rapidly by direct extension with encasement. In ad-
vanced stages infiltration of the lung occurs [12]. Fol-
lowing years of irritation and inflammation, hyperplasia,
metaplasia and preneoplasia occur in the pleural tissue.

Increased neovascularization supports tissue remodel-
ling, with the potential result of an angiogenic switch
and the induction of neoplasia [7, 10].

It might be suggested that in most cases the long peri-
od of latency for tumour occurrence is responsible for
the high vessel count at the point when the angiogenic
switch occurs and the differentiation of tumour tissue be-
gins to decrease. In this regard, the highest vessel count
was found in specimens with epithelioid differentiation;
Brockmann [1] showed that most malignant mesothelio-
mas were of the epitheloid type in the early stages.

More or less intense VEGF expression may reflect an
attempt to provide sufficient microvessel growth to sup-
port malignant tumour cell proliferation. The greater fre-
quency of necrosis in biphasic and sarcomatoid histolog-
ical patterns may result in less prononced expression of
VEGF and a consequent decrease in microvessel growth
[11].

It is not clear at what point in oncogenesis the angio-
genic switch occurs; it seens obvious that it happens dur-
ing early tumour development. Recent data on enhanced
neovascularization in hyperplastic, metaplastic and pre-
neoplastic lesions of the bronchial mucosa confirm our
observations [7].

The analyses of angiogenic activity may be an impor-
tant step in examining tumour malignancy in future [13,
19]. It is unlikely that VEGF is the only angiogenic factor
in malignant pleural mesotheliomas. Recently we have
demonstrated that hepatocyte growth factor and its recep-
tor cMet are overexpressed and associated with increased
microvessel density in malignant mesotheliomas [18].

Our results emphasize a relationship between expres-
sion of VEGF, histological differentiation and vessel
count. The studies have been extended to demonstrate a
relationship between VEGF-associated receptors and
vessel endothelium.
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