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ABSTRACT. Microvessel density (MVD) repre-
sents a measure of angiogenesis and may be
used as an indicator of neoplastic aggressive-
ness. Vascular endothelial growth factor (VEGF)
plays a pivotal role as angiogenic promoter by
stimulating endothelial cell proliferation and mi-
gration and enhancing vascular permeability. The
aim of this study was to investigate MVD and
VEGF expression in human pituitary adenomas
and normal pituitary gland tissues by immuno-
histochemistry, and to correlate data with clinical
characteristics. Fragments from 46 pituitary ade-
nomas (18 non-functioning, 12 ACTH-secreting,
12 GH-secreting, 4 PRL-secreting) and 19 speci-
mens of normal anterior pituitary gland obtained
at surgery were evaluated. MVD in normal ante-
rior pituitary was significantly higher than in tu-
mors (69.2±28.5 vs 29.3±19.7; p<0.0001). Within
adenomas, no difference was found in MVD
when different histotype, size, sex, age, rate of

recurrence or medical pre-surgical treatment
were considered. The degree of vascularity was
somewhat related only to clinical invasiveness,
as evaluated by pre-surgical MRI grading (grade
0 p<0.05 vs grade 1 and vs grade 2). No statis-
tically significant difference in VEGF expression
was found between normal tissue and adenomas
and among tumors of different histotype (p=
0.3978). Size, sex, age, rate of recurrence and
medical pre-surgical treatment did not influence
VEGF expression. No correlation was found be-
tween MVD and VEGF expression. In conclusion,
MVD was reduced in pituitary adenomas with re-
spect to normal gland. VEGF expression is how-
ever well preserved in adenomas and this might
contribute to adequate tumoral vascular supply
with complex mechanisms other than endothe-
lial cells proliferation. 
(J. Endocrinol. Invest. 26: 23-28, 2003)
©2003, Editrice Kurtis

INTRODUCTION

Angiogenesis, the formation of neovessels from ex-
istent vascularization, is a fundamental event in the
growth and metastatic capability of malignant neo-
plasia (1). In some tumoral models such as breast
(2) and lung (3), angiogenesis, evaluated as mi-
crovessel density (MVD), is positively correlated with
some negative prognostic parameters, namely re-
duced overall survival, metastases and recurrence
rate.

Angiogenesis is a complex process regulated by a
series of promoting and/or inhibiting factors: the
balance of these factors determines the degree of
tumor vascularization. 
A powerful angiogenic promoter is vascular en-
dothelial growth factor (VEGF) that induces neoves-
sel formation by increasing vascular permeability,
stimulating endothelial cell proliferation and en-
hancing endothelial cell migration (4-6).
VEGF has been reported as an independent prog-
nostic factor in patients with breast cancer (7), squa-
mous cell lung cancer (8) and gastrointestinal can-
cer (9). However, despite the angiogenic action of
VEGF, its expression is not always positively corre-
lated with tumor vascular density.
The role of angiogenesis and VEGF in the biology of
pituitary tumors is poorly known. Pituitary adenomas
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are a heterogeneous group of tumors: most of them
are slow growing benign tumors, but some of them
invade surrounding anatomical structures and, in very
rare instances metastatize. In spite of the variable clin-
ical behavior, these tumors are histologically similar
and, at the moment, no specific prognostic marker
allows the identification of the aggressive subgroups.
The study of angiogenesis and VEGF expression in
pituitary tumors may offer information not only of
prognostic value but also of therapeutic signifi-
cance, due to the future possibility of using anti-an-
giogenic and anti-VEGF drugs. Very few studies
about MVD of pituitary adenomas have insofar
been reported (10-13). Interestingly, most tumors
showed a lower degree of vascularization in com-
parison with normal pituitary tissue, with the ex-
ception of invasive macroprolactinomas which are
apparently characterized by an increased vascular-
ization (12). To our knowledge, few data are known
about VEGF expression in normal and pathologic
human pituitary gland tissue (14-17). 
The aim of the present study was to investigate
MVD and VEGF expression in pituitary adenomas
and normal pituitary gland tissue.

MATERIALS AND METHODS
Specimens
Tumor specimens were obtained at surgery from 46 patients (18
males and 28 females, age range 18-78 yr) affected with pitu-
itary adenomas between 1995-2001. No patient had undergone
radiotherapy. The tumors included: 18 non-functioning pituitary
macroadenomas (NF); 12 (5 macroadenomas, 7 microadeno-
mas) ACTH-secreting adenomas; 12 (10 macroadenomas, 2 mi-
croadenomas) GH-secreting adenomas and 4 (3 macroadeno-
mas, 1 microadenoma) PRL-secreting adenomas. Nineteen frag-
ments of normal anterior pituitary gland collateral to adenomas
were also studied. Histological examination and immunohisto-
chemistry for anterior pituitary hormones had been performed
previously and were used to characterize each tumor type, to-
gether with clinical, endocrine and radiological data. In particu-
lar, pre-surgical MRI was used to assess 4 grades of invasive-
ness, defined as absence of radiological evidence (grade 0), in-
trasellar localization (grade 1), minimal extrasellar involvement
(grade 2) and extrasellar spreading (grade 3).

Immunohistochemistry
Tissues were fixed in 10% formalin and embedded in paraffin.
Five μm sections were stained with hematoxylin-eosin for histo-
logical evaluation. Five additional μm sections were used for im-
munohistochemistry.
The sections were incubated with the following primary antibodies:
a) mouse anti-human CD34 (QB-END10, Dako dilution 1:100), b)
rabbit anti-human VEGF (Oncogene Research Products, Cam-
bridge, MA, USA, dilution 1:100). Incubation time was 12 h at 4 C.
Five μm sections were deparaffinized in xylene and rehydrated
in alcohol. Endogenous peroxide activity was blocked by incu-

bating the slides in 1% hydrogen peroxide in methanol for 10
min. In order to unmask the antigens, the slides were microwave-
treated in 10 mM citrate buffer, pH 6 for 10 min. The sections
were incubated with primary antibodies and, then reacted with
biotin-labelled secondary antibody (dilution 1/500) and avidin-
biotin-complex (Vector Burlingame, CA, USA) for 30 min re-
spectively. 3-3’ diaminobenzidine tetrahydrochloride was used
as chromogen. Finally, sections were counterstained with hema-
toxylin, dehydrated and mounted.
Vascular endothelial cells of breast carcinoma and squamous
cell carcinoma of the neck were used as positive control for
CD34 and VEGF, respectively (18, 19). Negative controls were
obtained by omission of the incubation step with primary anti-
bodies and substitution of a non-immune serum in place of the
primary antibody. In order to test the specificity of the anti-VEGF
antibody a pre-incubation step of this antibody with recombi-
nant human VEGF165 was performed before immunohisto-
chemical study: VEGF peptide was added to aliquots of dilut-
ed primary antibody antiserum, and these aliquots were incu-
bated overnight at 4 C. The supernatant obtained after cen-
trifugation (2,000 g for 30 min at 4 C) was used for testing. 

Evaluation of parameters 

MVD
With regard to vascularization, the vessels were counted in 3
most vascularized areas (“hot spots”) of the tumor and normal
pituitary and a mean value was then considered. Microvessel
counts were performed at x200 (x20 objective lens and x10 oc-
ular lens; 0.74 mm2 per field). 
A single microvessel was defined as discrete clusters or single
cells stained for CD34 and the presence of a lumen was not re-
quired for scoring as a microvessel.

VEGF
VEGF expression was analyzed in adenohypophysial and en-
dothelial cells. In particular, the degree of positivity was evalu-
ated semiquantitatively by counting the total of cells of adeno-
mas and normal anterior pituitary, and calculating the percent-
age of cells with cytoplasmic immunoreactivity for VEGF, re-
gardless of intensity of staining.
All parameters were determined independently by two pathol-
ogists (P.V. and A.G.B.) and discordant cases were solved by si-
multaneous review.

Statistical analysis
MVD and VEGF expression were compared in normal pituitary
and adenomas, in the different histotypes of adenomas and be-
tween macro- and microadenomas. SPSS software package was
used. ANOVA with Student-Neuman-Keuls multiple compari-
son test and unpaired t test were used for analysis of data
groups. The correlation between microvessel density and VEGF
was also evaluated by Pearson correlation test.

RESULTS
MVD
MVD in normal anterior pituitary gland (Fig. 1A) was
significantly higher than in tumors (mean±SD:
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69.2±28.5 vs 29.3±19.7; p<0.0001) (Fig. 1B), re-
gardless of histotype (Fig. 2).
Independently of histotype, no statistically significant
difference was found in MVD between macro-
adenomas (34 cases: 28.2±19.2) and microadenomas
(12 cases: 33.7±22.3). MVD was not correlated with
age (p=0.229) and was not influenced by sex (female
29.7±17.4, male 33.3±22, p=NS). The least invasive
(grade 0) pituitary adenomas showed higher values
of MVD, significantly different (p<0.05) from grade 1
and 2 (Fig. 3). No difference was found between pa-
tients in remission after surgery (no.=21) and those
(no.=25) with recurrence/persistence of disease, as
assessed by clinical, hormonal and imaging criteria
(26.5±11.6 vs 23.2±15.1). Only some acromegalic pa-
tients were treated before surgery, for 6 months, by
somatostatin analogues: no difference was found be-
tween the 6 pretreated (26.5±11) and the 6 untreat-
ed ones (23.2±15.1).

VEGF expression
VEGF expression was found in adenohypophysial
cells, while endothelial cells were negative (Fig. 1E).
In normal pituitary the percentage of positive cells

was between 10 and 80 (mean±SD: 40.0±18.8%),
while in tumors the range was between 39.0 and
49.5 (mean 44.1±20.4%). No statistically significant
difference (p=0.3978) in VEGF expression (Fig. 2)
was found between normal tissue (Fig. 1C) and ade-
nomas (Fig. 1D). The specimens after immunoab-
sorption test always resulted negative (Fig. 1F).
VEGF expression was higher in ACTH and NF ade-
nomas although this was not significantly different
from other adenomas.
No statistically significant difference in VEGF expres-
sion between macroadenomas (34 cases: 44.3±
20.1%) and microadenomas (12 cases: 55.4±25.5%)
was found. VEGF expression was not correlated with
age (p=0.2869) and was not influenced by sex (male
41.9±16.5%, female 47.2±23.3%, p=NS). No differ-
ence was found among VEGF values of grades 0 to 3
of invasiveness (Fig. 3). VEGF values were not differ-
ent between patients who recurred/persisted after
surgery and those who were in remission (43.3±18.5
vs 46.8±23.2%). Finally, pre-treatment by somato-
statin analogues in acromegalic patients did not in-
fluence VEGF values (40.0±23.7% in pre-treated vs
43.3±25.8% in untreated, p=NS).

Fig. 1 - A) Normal anterior pituitary with
rich vascular network (immunohisto-
chemistry, anti-CD34, x100). B) GH-se-
creting pituitary adenoma, showing re-
duced vascular density than normal tis-
sue (immunohistochemistry, anti-CD34,
x100). C) Normal anterior pituitary with
diffuse cytoplasmic immunoreaction for
vascular endothelial growth factor -
VEGF (immunohistochemistry, anti-
VEGF, x250). D) GH-secreting pituitary
adenoma, showing VEGF expression
similar to normal tissue (immunohi-
stochemistry, anti-VEGF, x250). E) Pi-
tuitary adenoma. Vessel with endothe-
lial cells, negative for VEGF (arrow, im-
munohistochemistry, anti-VEGF, x600).
F) Pituitary adenoma. The section after
immunoabsorption with VEGF peptide
resulted negative (x 250).

A B

C D

E F



Microvascular density and VEGF expression in pituitary adenomas

26

Correlation between MVD and VEGF
Both in normal tissue and in adenomas no signifi-
cant correlation between MVD and VEGF expres-
sion was found (p=0.2 and p=0.136, respectively). 

DISCUSSION

The angiogenic events underlying the growth of hu-
man pituitary tumors are poorly understood. The few
studies on this topic showed a reduced vasculariza-
tion in pituitary adenomas with respect to normal tis-
sue (11). In the group of adenomas no statistically
significant difference of MVD was found between dif-
ferent histotypes, except for invasive tumors that re-
sulted significantly more vascularized (11-13).
The role of angiogenic factors in vessel develop-
ment of pituitary adenomas has been investigated
even less. Rodent and human pituitary tumor cells
in vitro can produce VEGF, a potent angiogenic fac-
tor, the production of which is inhibited by dexam-
ethasone administration (14) and stimulated by es-
trogens (20). It is to be noted that, in a rat model,
increased VEGF expression as determined by
Western blotting in estrogen-induced pituitary tu-
mors was accompanied by a decrease in the density
of small blood vessels (<5 μ) and an increase in the
density of large vessels (>12 μ) (21).

VEGF has been demonstrated to be expressed in
the folliculostellate cells of normal human pituitary
gland (22, 23) and in cells of the neural anterior
lobes of rat pituitary (20). Moreover, VEGF expres-
sion was demonstrated in all types of pituitary ade-
nomas by immunohistochemistry and in situ hy-
bridization (17).
To our knowledge, no study has insofar analyzed
the correlation between vascular density and VEGF
expression in human pituitary adenomas. 
Our data on MVD confirm previous reports (12) on
reduced vascular density in pituitary adenomas
compared to normal pituitary gland tissue. The
group of adenomas did not show statistically sig-
nificant differences in MVD, when different histo-
type, tumor size, sex, age, rate of recurrence or
medical pre-surgical treatment were considered.
Only clinical invasiveness, as evaluated by pre-sur-
gical MRI grading, was somewhat related to the de-
gree of vascularity, with the finding of higher vas-
cularity in the least invasive tumors. These data are
not in agreement with those of Turner et al. (11),
who found higher MVD in invasive prolactinomas;
this kind of tumors were however minimally repre-
sented in our series.
Overall, our results might be related to two patho-
genetic mechanisms: a) adenomas have a different
kind of vascularization with respect to normal tis-
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Fig. 3 - Mean microvascular density (MVD) and vascular en-
dothelial growth factor (VEGF), expression in normal pituitary
and pituitary adenomas of different degrees of invasiveness.
MVD (mean±SE) is expressed as number of positive vessels/field
(mean of 3 “hot spots”) by CD34, VEGF (mean±SE) is expressed
as % of positive cells. Grade 0: not seen at RMI, Grade 1: in-
trasellar, Grade 2: mainly intrasellar with minor extrasellar in-
volvement, Grade 3: extrasellar spreading. Statistical signifi-
cance: p<0.001 vs Grade 0.
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Fig. 2 - Mean microvascular density (MVD) and vascular en-
dothelial growth factor (VEGF) expression in normal pituitary
and pituitary adenomas of different histotypes. MVD (mean±SE)
is expressed as number of positive vessels/field (mean of 3 “hot
spots”) by CD34, VEGF (mean±SE) is expressed as percentage
of positive cells. NORM: normal anterior pituitary gland, NF:
non functioning tumor, ACTH: ACTH-secreting tumor, GH: GH-
secreting tumor, PRL: PRL-secreting tumor. Statistical signifi-
cance: p<0.001 vs NORM.
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sue; b) angiogenesis is partially inhibited in pitu-
itary adenomas. In the first case, it is possible that
adenomas do not have the capability to reproduce
the complex type of vascularization that character-
izes normal tissue, i.e. portal venous system asso-
ciated to arterial supply. Therefore, adenomas sim-
ply show a different vascular organization with re-
spect to the normal tissue. In the second case, the
MVD reduction in adenomas with respect to nor-
mal gland might be due to the expression of a par-
tial inhibition of angiogenesis during the switch
from normal to neoplastic growth. Interestingly
even if the number of vessels in adenomas is lower
than in normal gland, VEGF expression in adeno-
mas is not different from normal counterpart. A pos-
sible explanation of this apparently contrasting fea-
ture is that inhibitory angiogenic factors could coun-
terbalance the angiogenic stimulus of VEGF. Al-
ternatively, in pituitary adenoma, VEGF might play
a role in tumoral vascular growth not by increasing
the number of vessels but by other mechanisms,
such as an increase in vascular permeability that fa-
vors the abundant diffusion of nutrients. Analysis of
VEGF receptors might help to unravel some of
these complex hemodinamic and vascular events
that accompany the growth of pituitary adenomas.
In fact, VEGF may interact with two types of en-
dothelial receptors, namely VEGFR-1 and VEGFR-2.
Activation of VEGFR-1, at variance with VEGFR-2,
does not induce endothelial cell proliferation (24).
On the contrary activation of VEGFR-1 by VEGF in
cooperation with placental growth factor increases
vascular permeability (25). It cannot be excluded
that this angiogenic mechanism is prevalent in pi-
tuitary adenomas. 
In our study, VEGF expression was found in ade-
nohypophysial and not in endothelial cells. It cannot
however be excluded that some staining might be
due to folliculostellate cells, that are very difficult
to recognize on morphological basis. A certain het-
erogeneity of intensity in adenomatous cells was
found at VEGF staining, with respect to normal
counterparts. This feature, commonly observed with
immunostaining analysis mostly in tumoral tissues,
is very difficult to quantitate and not necessarily cor-
related to functional effects.
In conclusion, the angiogenetic phenotype of pitu-
itary tumoral model is complex, and probably with
multifactorial regulation. Vascularization is con-
firmed reduced in pituitary adenomas with respect
to normal gland. There are no clear differences in
vascular densities among different tumoral histo-
types. There is no correlation between MVD and
VEGF expression in normal and tumoral pituitary
tissue. VEGF is nonetheless expressed in normal pi-

tuitary and pituitary adenomas. These data might
be of importance in the development of future ther-
apeutic strategies such as anti VEGF antibodies and
drugs.
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