
Abstract. Aim: Pituitary adenomas are intracranial tumors
with controversial histopathology and heterogeneous clinical
behaviour. Angiogenesis and tumor blood vessels’ role in
pathogenesis, remain one of the great pituitary tumor
mysteries. No connection between tumor vessel heterogeneity,
hormonal profile and biological behaviour has been reported.
We aimed to study pituitary adenomas blood vessels
concerning their immature, intermediate or mature phenotype
and microvessel density, correlated with immunohistochemical
hormonal profile and hormone values in serum and
cerebrospinal fluid. Materials and Methods: We classified
pituitary adenomas according to hormone profile and we
applied a double immunostaining highlighting both
endothelial and perivascular cells for a more accurate
assessment of blood vessel types. Results: Overall microvessel
density was found to be highest in growth hormone-secreting
adenomas (48.51±12.15) and lowest in prolactinomas
(29.15±18.78). When we differentially counted tumor blood
vessels we observed a predominance of immature and
intermediate blood vessels compared to mature ones. A
significant correlation was found between immature tumor
blood vessels and tissue prolactin expression, as assessed by
immunhistochemistry (p=0.044). A partial correlation was
found between serum (p=0.036) and cerebrospinal prolactin
values (p=0.006) with immature and intermediate blood
vessels. Also, a partial correlation has been reported only

between mature blood vessels and cerebrospinal fluid
prolactin values (p=0.008). No correlation was obtained for
other types of pituitary adenomas. Conclusion: Our results
suggest a strong involvement of prolactin with a dual role in
pituitary adenomas vasculature remodelling by acting both on
endothelial and perivascular cells, a finding that could
partially explain discrepancies between clinical diagnosis and
hormonal profile.

Pituitary tumors are the most frequent intracranial tumors (10-
15%) after meningiomas and gliomas (1). The biology of
pituitary adenomas is complex and they produce a variety of
clinical disorders based on hormone profile of proliferating
cells. Some of the pituitary tumors are hormone-inactive
adenomas with no clinical significance during the lifetime of
the patient. 

In the past, pituitary tumors were classified as acidophilic,
basophilic and chromophobic cell adenomas based on cell
cytoplasm microscopic appearance. Modern pathological
classification is based mainly on immunohistochemistry and
electron microscopy (2, 3). Today, classification of pituitary
adenomas reflects specific clinical features and genetic
changes that predict targeted treatments, as well as prognostic
information for patients with pituitary adenomas (4). Despite
the updated classification of pituitary adenomas, several steps
of pituitary tumorigenesis remain unclear. Among them,
angiogenesis and the role of tumor blood vessels in adenoma
progression and invasion is far from being fully elucidated. 

Unlike many other solid tumors, where angiogenesis seems
to drive the malignancy, pituitary adenoma tumorigenesis
often fails to correlate with microvessel density or other
angiogenic markers (5).

Both benign and aggressive pituitary adenomas have a
lower value of blood vessel density compared to normal
hypophysis (6). Except prolactinomas, where the lower
microvessel density may be partially explained by the
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presence of a 16-kDa fragment of prolactin with inhibitory
effects on tumor angiogenic growth factors and endothelial
cells (7), none of other pituitary adenomas have any scientific
data to support the decrease of blood vessel density. Hence,
angiogenesis, in pituitary adenomas without describing its
angiogenic mechanism and factors involved in this process,
seems to be questionable. However, recent data reported a
smaller size of capillaries in pituitary adenomas compared
with normal hypophysis and a significant correlation between
this vessel type and nestin expression (8). Previous articles
published on pituitary adenomas blood vessel assessment were
focused on their morphologic and ultrastructural changes (9,
10) and few of them on immunohistochemical or molecular
profile (11). Heterogeneity of pituitary adenoma blood vessels
was first suggested in prolactinomas by Schechter et al. in
1988 (12) based on an electron microscopic study of
endothelial and perivascular cells. He observed the presence
of abnormal capillaries surrounded by several layers of
perivascular cells in prolactinomas compared to normal
pituitary fenestrated capillaries. None of other types of
pituitary adenomas were characterized concerning blood
vessels morphology and immunophenotype. Moreover, tumor
blood vessel heterogeneity impact on pituitary adenomas
clinical behaviour has not been previously reported. 

Based on previous evidence and controversies in the field,
we aim to study tumor blood vessel heterogeneity in pituitary
adenomas and to answer if their heterogeneity is correlated
with tumor type, serum and cerebrospinal fluid hormonal
levels.

Materials and Methods 

We included in our study 39 specimens obtained from patients
previously diagnosed with pituitary adenomas in the Neuroendocrine
and Pituitary Disease Department of C.I. Parhon Institute of
Endocrinology, Bucharest, Romania and five normal pituitary glands
harvested during autopsy. Tumors were removed by the transsphenoidal
approach. Each diagnosis was certified by clinical, biological and
imaging data. We were also able to detect serum and cerebrospinal fluid
(CSF) hormone values in 14 cases. Biopsies were fixed in 10% buffered
formalin for 48 h and paraffin embedded. Three micrometer-thick serial
sections were performed from each paraffin block. Histopathology was
assessed on hematoxylin and eosin stained slides. Based on morphologic
evaluation, additional sections from each case were selected to perform
hormone profile of pituitary adenomas and to highlight tumor blood
vessels endothelial and perivascular cells. For this we used specific
antibodies against each of the pituitary hormones as Growth Hormone
(GH), prolactin (PRL), Adrenocorticotroph Hormone (ACTH), Thyroid
Stimulating Hormone (TSH), Follicle Stimulating Hormone(FSH) and
Luteinizing Hormone (LH). (Dako, Carpinteria,CA, USA). Visualization
of the immune reactions was done by means of streptavidin- biotin-
peroxidase technique with use of 3, 3’-diaminobenzidine as chromogen.
Endothelial cells were labelled with anti CD34 antibodies (clone
QBEnd10, Dako) and perivascular cells with smooth muscle actin
antibodies (clone 1A4, Dako). The Envision Doublestain G system kit
(Dako), used as visualisation system, highlighted CD34 positive

endothelial cells in brown and Smooth Muscle Actin (SMA) positive
perivascular cells in red. The counterstain step was performed by
applying modified Lillie Hematoxylin. The entire immuno-histochemical
procedure was performed with a DakoCytomation Autostainer (Dako).
Microscopic evaluation was performed by three independent observers
using a Nikon Eclipse E600 Microscope (Nikon Corporation, Tokio,
Japan). Images were captured and processed with the Lucia G software
system (link or supplier). The presence of more than 10% of hormone
immuno-positive cells was considered as a secretory tumor. The
immunostaining results for each patient were graded as being 0
(negative), 1+ (10-30% of cells), 2+ (30-50% of cells) or 3+ (over 50%
of cells). The tumors with high co-expression GH/PRL
immunoreactivity (>50% of cells) were considered mammo-
somatotrophic adenomas.

Tumor blood vessels were quantified for CD34/SMA expression
according to Gee et al. (13). Based on double immunostaining with
the endothelial marker CD34 and the perivascular cell marker-
smooth muscle actin (SMA), three morphological types of blood
vessels were identified: immature, intermediate and mature. The
immature blood vessels showed no obvious lumen and were positive
only for CD34; the intermediate blood vessels were positive for
CD34, had a well defined perfused or non perfused lumen, thin
walls and were occasionally surrounded by perivascular cells
(positive for SMA); the mature vessels showed a well structured
wall with CD34 positive cells, doubled by SMA positive
perivascular cells. Blood vessels were counted in the tumor area
using the hot spot method, according to the procedure published by
Weidner N et al. (14).

Image acquisition was done with the Nikon Eclipse E 600
microscope equipped with a Nikon Photo Camera following by
picture processing with the Lucia G Software Analysis System.
Statistical analysis was performed by using the SPSS software version
17 package (IBM Corporation, Chicago, USA). Statistical methods
included correlation tests as Pearson, Kendall and Spearman tests.
Correlations were considered as significant for a p<0,05. A total
correlation was obtained if all three mentioned correlations showed
significance and a partial correlation was reported for cases when two
out of all three correlation tests showed significance.

The local research ethics committee approved the study protocol
and informed consent was obtained from all subjects according to the
World Medical Association Declaration of Helsinki.

Results

Based on the immunohistochemical profile, we classified 39
pituitary adenomas included in the present study as follows: 7
GH-secreting adenomas, 7 PRL-secreting adenomas, 7 mixed
GH-cells/PRL-cells adenomas, 3 LH-secreting adenomas, 11
null-cell adenomas (non-secreting) and 4 plurihormonal
adenomas. Detailed immunohistochemical profile of each case
is shown in Table I. 

As a particular clinical aspect, for mixed GH-cells/PRL-
cells adenomas, the patients were admitted to the hospital
mainly because of acromegaly clinical signs. The same
situation was reported for plurihormonal adenomas. For null-
cell adenomas, headache and/or imagistic detection of tumor
mass by radiologic methods were the most frequent reasons
for admittance.
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By applying double stain for CD34/SMA on normal
hypophysis and pituitary adenoma tissues, we observed a
significant decrease of microvessel density in pituitary
adenomas compared to normal tissues (Figure 1A). Also,
blood vessels morphology and perivascular cells coverage
were different between normal and pathological conditions.

Inside normal pituitary parenchyma, we detected capillaries
with a well-defined lumen highlighted by CD34-positive
endothelial cells without SMA positive pericyte coverage,
organized as a rich vascular network (Figure 1A, yellow
arrow). Mature blood vessels of normal pituitary with positive
reaction for both CD34 and SMA were grouped at the
periphery of normal tissue. Microvessel density was
75vessels/field (×200) for CD34+/SMA– fenestrated
capillaries inside the normal pituitary parenchyma. At the
periphery of the pituitary parenchyma predominated the
mature CD34+/SMA+ blood vessels (27 vessels/field; x200)
with arteriole, venule and capillary like morphology (13
vessels/field; ×200). Overall vessel density (immature,
intermediate and mature) dramatically decreased in pituitary
adenomas; with this phenomenon being independent by their
hormonal status (Figure 1A, red arrow). 

Overall tumor microvessel density (MVD) was not
correlated with pituitary adenoma tumor types and no
significant correlation was detected by statistical analysis.

Despite the lack of statistical significant correlations
between histopathology and overall MVD, we observed that
the hormonal subtype with the highest MVD was the GH-
secreting adenoma (mean=48.51; SD=±12.15), whereas
prolactin cell adenomas had the lowest (29.15±18.78). Other
pituitary adenomas types had the following MVD values:
35.40±11.58 for LH-secreting adenomas, 30.82±5.94 for
mixed GH-cell/PRL-cell adenomas, 36.30±21.11 for null cell
adenomas and 36.62±15.49 for plurihormonal adenomas.
Values of differentially microvessel density for immature,
intermediate and mature tumor blood vessels specific for each
type of pituitary adenoma are summarized in Table II. 

Morphology of tumor blood vessels was particular for each
type of pituitary adenomas. Null-cell adenomas (non secreting
adenomas) had a capillary vascular network composed of
vessels with a large and perfused lumen, mainly grouped in
the peritumoral area (Figure 1B). No perivascular SMA
positive cells have been detected by immunohistochemistry.
Isolated CD34 positive endothelial cells characterized the
intra-tumor area of plurihormonal adenomas. The capillary
walls were discontinuous and intravascular pillars can be
observed (Figure 1C). Some of these structures have intra-
cytoplasmic vacuoles suggesting their tendency to aquisite
lumen (Figure 1D). The peritumor area contained scattered
mature blood vessels composed by both CD34-positive
endothelial cells surrounded by SMA-positive perivascular
cells (Figure 1D, insert). GH-secreting adenomas presented
CD34-positive endothelial cells arranged in cords between

tumor cells. Some of these cord-like structures aquisite small
lumen and scattered perivascular cells have been observed
attaching to them (Figure 1E). Mature blood vessels (CD34-
positive/ SMA-positive) were present in GH-secreting
adenomas but, most of them, were collapsed (Figure 1E).
Blood supply of PRL secreting adenomas was composed of a
low number of tumor blood vessels with small lumen and
lacking SMA positive perivascular cells. Most of these blood
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Table I. Pituitary adenoma classification according to immuno-
histochemical expression of pituitary hormones for each case. 

Case STH PRL ACTH TSH FSH LH IHC-based 
diagnosis

1 0 0 0 0 0 0 NULL
2 3 1 0 0 0 0 MIXT
3 0 0 0 0 0 3 LH 
4 0 0 0 0 0 0 NULL
5 2 0 0 0 0 0 GH 
6 0 3 0 0 0 0 PRL
7 0 3 0 0 0 0 PRL
8 2 0 0 0 0 0 GH 
9 2 2 0 2 0 0 PLURI
10 1 3 0 0 0 0 MIXT
11 0 0 0 0 0 0 NULL
12 3 1 1 0 0 0 PLURI
13 0 0 0 0 0 1 LH 
14 0 3 0 0 0 0 PRL
15 3 3 0 0 0 0 MIXT
16 0 3 0 0 0 0 PRL
17 1 0 3 0 0 0 PLURI
18 3 1 0 0 0 0 MIXT
19 0 0 0 0 0 1 LH 
20 1 0 0 0 0 0 GH
21 3 2 0 0 0 0 MIXT
22 0 3 0 0 0 0 PRL
23 0 0 0 0 0 0 NULL
24 1 3 0 0 0 2 PLURI
25 0 0 0 0 0 0 NULL
26 0 0 0 0 0 0 NULL
27 1 0 0 0 0 0 GH 
28 0 0 0 0 0 0 NULL
29 0 3 0 0 0 0 PRL
30 0 0 0 0 0 0 NULL
31 0 0 0 0 0 0 NULL
32 3 1 0 0 0 0 MIXT
33 3 0 0 0 0 0 GH
34 0 3 0 0 0 0 PRL
35 3 0 0 0 0 0 GH 
36 0 0 0 0 0 0 NULL
37 0 0 0 0 0 0 NULL
38 3 2 0 0 0 0 MIXT
39 3 0 0 0 0 0 GH 

NULL, -No positive reaction for any hormones; MIXT, combined
GH/PRL expression; GH, STH secreting adenoma; PRL, prolactinoma;
PLURI, 2 (other than GH/PRL) or three hormones shared positive
reaction; LH, luteinizing hormone secreting adenoma. 



vessels were not perfused. Intermediate blood vessels
constantly showed intravascular pillars suggesting an intense
intussusceptive angiogenesis (Figure 1F). Mixed GH/PRL
secreting adenoma blood vessels were similar with those from
prolactinomas rather than those of GH secreting adenomas.

Fourteen out of 39 cases of pituitary adenomas included in
the present study had serum and CSF hormone profiles, as
highlighted in Table III. 

For these cases we correlated tumor blood vessel types with
hormone values. A significant correlation was found between
immature tumor blood vessels and tisular expression of
immunohistochemically-detected prolactin in tumor tissue
(p=0.044) (Figure 2). When we tried to separately correlate
immature and intermediate tumor blood vessels with serum and
CSF levels of prolactin, no significant correlation was obtained.
Instead, the sum of two types showed a partial correlation with
serum level (p=0.036) and also with CSF level of prolactin
(p=0.006). Also, mature blood vessel value has been partially
correlated with CSF level of prolactin (p=0.008) (Figure 3) but
not with its serum level (p=0.689). Except serum and CSF
values of prolactin, no other hormones showed a significant
correlation with tumor blood vessel types.

Discussion

Pituitary adenomas represent one of the most mysterious
groups of disease. Their clinical behaviour does not always
superpose with their immunohistochemical hormonal profile.
Also, pituitary adenoma pathogenesis and mechanisms
involved in tumor progression and invasion are not fully
elucidated. 

Angiogenesis remains a controversial issue in pituitary
adenoma pathogenesis. Abnormal vascular pattern in pituitary
adenomas was early reported by angiographic studies (15, 16).
These preliminary observations were then supported by
ultrastructural changes in the capillary bed of pituitary
adenomas (9). Ultrastructural and immunohistochemical
comparative evaluation of pituitary adenomas and normal
pituitary blood vessels number showed a decrease of vessel
density in pituitary adenomas compared with normal
hypophysis (17). The same finding was observed in our study.

Many controversies still exist concerning different MVD
values depending on pituitary adenoma hormonal profile. If
most published studies agreed that the lowest microvessel
density assessed with the CD34 and/or CD31 endothelial
markers is specific for prolactinomas (18, 19), the MVD for
other pituitary adenoma types remain still questionable (5, 20)
and depends on various factors. Our overall MVD values
showed that the highest MVD was found in GH secreting
adenomas, while mixt GH/PRL and PRL secreting adenomas
exhibited the lowest MVD. Our results concerning overall
MVD in different types of pituitary adenomas partially
corroborate with findings reported by Pawlikowski (21) who
also reported the lowest MVD for mixed GH/PRL and PRL
secreting adenomas; however, the highest MVD was reported
for FSH expressing adenomas. This apparent controversy
could derive from the use of different anti-endothelial
antibodies to assess tumor blood vessels in both studies.
Pawlikowski et al. used the Factor VIII-related antigen
compared with our method, which used anti CD34 antibodies
to highlight endothelial cells. The Factor VIII-related antigen
is an endothelial antigen expressed later in the endothelial cell
development (after fully development of Weibel Palade
bodies) compared with CD34 known to be expressed from
early stages of endothelial development. The lowest MVD
obtained by Pawlikowski for mixed GH/PRL and PRL
secreting adenomas by using theFactor VIII-related antigen
should be an evidence which support the presence of immature
and intermediate blood vessel types from mixed GH/PRL and
PRL secreting adenomas.

None of the studies concerning pituitary adenoma
angiogenesis has assessed tumor blood vessels according to
their maturation degree. Together with overall MVD, by using
CD34/SMA immunohistochemical double-stain procedure, we
differentially quantified, tumor blood vessel types according
to their degree of maturation, as assessed by presence or
absence of perivascular smooth muscle cells. Scattered
CD34+/SMA+ mature tumor blood vessels were observed
inside the tumor tissue from all types of pituitary adenomas
included in the present study. In contrast, immature and
intermediate blood vessels are frequently observed in all types
of pituitary adenomas. For such types of blood vessels,
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Table II. Tumor microvessel density (MVD; mean±SD) values for each morphological type of blood vessels. 

Hormonal Subtype of adenoma Immature vessels Intermediate vessels Mature vessels

GH-secreting adenomas 27.87±4.81 18.50±12.79 2.14±2.30
Prolactin-secreting adenomas 13.14±7.43 14.12±12.43 1.65±2.15
LH-secreting adenomas 20.53±13.53 12.53±10.95 2.33±2.08
Mixed GH-cell/PRL-cell adenomas 14.27±4.96 14.27±5.20 2.28±2.56
Null-cell adenomas 19.33±13.84 15.70±9.65 1.36±2.01
Plurihormonal adenomas 21.15±12.63 14.07±5.68 1.40±1.14



microvascular density showed a high variability dependent on
the pituitary adenoma hormonal profile. No data about
correlations between vessel types and hormone profiles have
been found in the literature. Differences between vascular
network morphology and immunohistochemical profile of
tumor blood vessels from different types of pituitary adenomas
included in the present study suggested that the development
of tumor blood vessels in pituitary adenomas could be
influenced by a different tumor microenvironment dependent
on the hormonal profile of such tumors. These findings are
sustained by a recently published study of Di Ieva and
coworkers (22). Based on their own observations about
heterogeneity of pituitary adenoma microvasculature, they
proposed a more complex approach of tumor blood vessel
assessment in pituitary adenomas by using a panel of methods
including fractal analysis, new and more specific

immunological techniques or combinations of different types
of immunostaining procedures. They concluded that such an
approach of pituitary adenoma angioarchitecture will have an
important impact on the study of angiogenesis with relative
scientific, medical and surgical implications.

Among pituitary hormones, prolactin has been identified as
having a dual and still controversial role in angiogenesis. Blood
vessels are well-known targets of both the full length prolactin
which exerts an intense angiogenic effect on endothelial cells
(23, 24) and also of the 16kDa prolactin fragment which inhibits
angiogenesis and lymphangiogenesis (25, 26). Recently,
Nguyen et al. (27) demonstrated that anti-angiogenic16kDa
prolactin, reduced pericyte coverage and disruption of the
Platelet Derived Growth Factor B and its corresponding receptor
(PDGF-B/PDGFR-B), Angiopoietins and Tie2 and Delta/Notch
pathways, leading to a dysfunctional tumor vasculature in a
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Figure 1. A lower MVD was observed in pituitary adenoma (A, red arrow) compared to normal hypophysis (A, yellow arrow). Tumor blood vessels
in null-cell adenomas grouped at the periphery of tumor areas (B) with discontinuous vascular wall lacking SMA-positive perivascular cells (C).
Plurihormonal adenomas (D) with isolated CD34+/SMA– endothelial cells, and mature CD34+/SMA+ blood vessels grouped in peritumor area only
(D, inset). For GH secreting adenomas, intratumor CD34+/SMA+ tumor blood vessels with a well-defined lumen were mixed with collapsed
CD34+/SMA+ mature blood vessels and cord-like structures (E). Intratumor blood vessels from prolactinomas had a particular morphology and
were characterized by a small lumen and the absence of SMA+ perivascular cells. CD34+ intravascular pillars were frequently seen in prolactinomas.
Note CD34+ intravascular pillars (yellow arrows) frequently seen in prolactinomas blood vessels suggesting an active intussusceptive process (F).



murine B16-F10 tumor model. Based on these findings
concerning prolactin we can argue, on one hand, for the lowest
MVD found in prolactinomas and GH/PRL mixed adenomas
and, on the other hand, the presence of immature and
intermediate blood vessels lacking smooth muscle actin
coverage. Also, the significant correlation found exclusively for
prolactinomas in our study between immunohistochemical
tissue expression of PRL, immature blood vessels types and the
low MVD could emerge from the inhibitory activity of the 16
kDa fragment of prolactin which exerts a stronger anti
angiogenic effect impairing blood vessel development and
maturation followed by disturbance of prolactin release into
bloodstream. The predominance of CD34+/SMA- immature
blood vessels in prolactinomas sustains the hypothesis that
immature endothelial cells are the main targets of prolactin’s
inhibitory effect in pituitary tumors, probably by its action on
endothelial lumen acquisition process. Lack of endothelial cell
lumen acquisition has, as a main consequence, the inability to
organize a functional vascular network. This malfunction may
explain the high content of prolactin in prolactinomas and
GH/PRL mixed adenomas cells scored as +3 by
immunohistochemistry as demonstrated in our study. 

Because we are not able to find significant -complete or
partial- correlations between blood vessel types and other
pituitary hormones we speculate that prolactin has an indirect,

but important impact on clinical and biological behaviour of
prolactinomas and mixed GH/PRL-secreting adenomas by
modulating the blood vessel maturation degree. 

Mature blood vessels were partially correlated with CSF but
not with serum prolactin levels in the present study. Normal
pituitary gland has a rich capillary network composed of
fenestrated capillaries with few or no perivascular cells. This
particular structure of the capillaries in normal condition
facilitates a quick and direct release of the pituitary hormones
into the bloodstream. Defective maturation of tumor blood
vessels by acquisition and presence of several layers of
perivascular cells reduces the diffusion of prolactin through
capillary walls, impairs prolactin release into bloodstream and
facilitates its diffusion directly into CSF. Several years ago,
Schechter et al. (12) published a paper describing
prolactinoma “abnormal arteries” as vessels with fenestrated
endothelium surrounded by a variable number of smooth
muscle cells, well formed vessels with multiple layers of
smooth muscle cells and normal fenestrated capillaries similar
with those of anterior normal pituitary. The authors called this
phenomenon arteriogenesis. We consider that the description
of these “abnormal arteries” is similar with the mature blood
vessels of our study, having a defective endothelial layer,
which characterizes tumor blood vessel endothelium
surrounded by smooth muscle cells found either isolated in the
pericapillary connective tissue space or in small cords in some
distance from the vessel lumen. Based on Schechter’s previous
ultrastructural description of blood vessels from prolactinomas
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Figure 3. Significant and direct correlation between immature tumor
blood vessels and +3 score of PRL immunohistochemical expression in
prolactinomas.

Figure 2. Partial correlation between cerebrospinal value of prolactin
(IICPRL) and serum level of prolactin (IISPRL) and sum of intermediate
and immature tumor blood vessels of prolactinomas. Mature blood
vessels had partial correlation with CSF value of prolactin, only
(MATCPRL).



that have been correlated with a partially significant
correlation between immature and intermediate tumor blood
vessels (with both serum and CSF prolactin values) and also
mature blood vessels (with CSF prolactin value exclusively),
we may launch the hypothesis that development of tumor
blood vessels in prolactinomas is a dynamic process closely
related with tumor progression. This suggests that in the first
stage of prolactinoma development predominate immature and
intermediate blood vessels, while in the later stages tumor
blood vessels mature. By this behaviour, tumor blood vessels
can modulate serum and CSF values of prolactin with a direct
impact on clinical and biological diagnostic parameters.

It is certified that prolactin, by acting through its
correspondent receptor, has autocrine and/or paracrine effects
on various malignant cells in human tumors or experimental
models (28, 29) and is able to induce angiogenic and
tumorigenic factors (30-33). But, as a paradox, prolactin
effects on tumor cells and blood vessels from prolactinomas
and other pituitary adenomas has not been extensively studied. 

Conclusion

To the best of our knowledge, this is the first study reporting a
correlation between both serum and cerebrospinal fluid hormone
levels and tumor blood vessels heterogeneity for different types
of pituitary adenomas in humans. Pituitary adenoma blood
vessels have particular features depending on their hormonal
profile. Development of pituitary adenoma tumor blood vessels
is a dynamic process closely related with their special and
heterogeneous microenvironment, their progression and clinical
behaviour. Except for prolactin effects on endothelial and
perivascular cells, no other pituitary hormones have been
certified to be directly involved in tumor or non-tumor
angiogenesis. Assessment of pituitary adenoma blood vessels by
their maturation degree related to hormonal profile specific for
each type of pituitary adenomas, might partially explain clinical
and biological discrepancies still persisting in pituitary tumors.
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