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INTRODUCTION

The prostate is a compound tubuloalveolar gland, 
which is commonly affected by two major processes; 
hyperplasia and malignancy. Benign prostate hyper-
plasia (BPH) is a common pathology in the aging 
male [1]. The cause is not completely understood, 
but there is little doubt that it is related to the action 

of androgens. Marshall et al. postulated that BPH 
with increased acinar and stromal cell proliferation 
stimulates increased vascularity (angiogenesis) [2].
Prostate cancer (Pca) is the most common malignan-
cy in men in the USA, with an estimated 233,000 
new cases diagnosed and 29,490 deaths in 2014 [3]. 
Solid tumor growth beyond the size of 2 mm is ab-
solutely dependent on vascularization. Angiogenesis  
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Introduction The aim  of our study was to determine and compare angiogenesis in benign prostatic  
hyperplasia (BPH), high-grade prostate intraepithelial neoplasia (HGPIN) and prostate cancer (Pca).  
Moreover, we evaluated its role as a prognostic factor for Pca.
Material and methods We examined 39, 12 and 51 samples of BPH, HGPIN and Pca, respectively.  
Immunohistochemical methods were applied in order to evaluate the expression of VEGF and its  
receptors (VEGFR-1, VEGFR-2), while microvascular density (MVD) was determined using CD105.  
In Pca samples, we recorded stage, differentiation, perineural invasion, adjuvant radiotherapy and  
their  correlation with angiogenesis.
Results 225 The expression of VEGF, VEGFR-1 and VEGFR-2 was significantly higher in Pca than compared 
to BPH (p <0.001, p <0.001 and p <0.001, respectively) and HGPIN (p <0.001, p <0.001 and p = 0.04, 
respectively), while there was no difference between BPH and HGPIN. MVD was higher in Pca compared 
to BPH (p <0.001) and HGPIN (p <0.01), while there was no difference between BPH and HGPIN. VEGF 
expression and MVD were significantly greater in Pca samples with poor differentiation (p = 0.044  
and p = 0.038, respectively) and perineural invasion (p <0.001 and p = 0.019, respectively), while overex-
pression of VEGF was associated with advanced pathological stage (p = 0.047).
Conclusions Angiogenesis is more prominent in Pca than in BPH and HGPIN, while there is no difference 
between BPH and HGPIN. Pharmaceutical inhibition of angiogenesis could be a valuable therapeutic op-
tion for Pca in the near future.
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is a complex process involving multiple pathways 
that affect tumor growth, invasion and metastasis 
in Pca [4]. It is generally accepted that tumor an-
giogenesis is crucial both for the growth of a pri-
mary neoplastic tumor and also for the development  
of metastasis [5]. Angiogenic factors have been im-
plicated in Pca development and progression, and 
measurements of tumor angiogenesis have been 
shown to correlate with metastasis in invasive pros-
tate carcinoma [6]. 
High-grade prostatic intra-epithelial neoplasia  
(HGPIN) is considered a premalignant lesion which 
might progress to invasive carcinoma [7]. HGPIN 
affects the ducts and acini and is basically defined  
as a proliferation and anaplasia of the lumenal  
(or secretory) cells. The changes are not abrupt but 
increasingly greater, with the end of the spectrum 
being invasive adenocarcinoma [8]. 
Vascular endothelial growth factor (VEGF), originally 
known as vascular permeability factor, is considered 
as the most potent mediator of physiologic and patho-
logic angiogenesis and lymphangiogenesis [9]. VEGF 
is a 46 Kda heparin binding, homodimeric glycopro-
tein that shares sequence homologies with platelet-
derived growth factor. Four isoforms of VEGF have 
been characterized. They are produced by alterna-
tive splicing, and consist of 206, 189, 165 and 121 
amino acids [10]. VEGF exerts its action by binding  
to the specific cell surface receptors, fms-like tyro-
sine kinase 1 (FLT-1/VEGFR-1) and fetal liver kinase  
1 (FLK-1/VEGFR-2). Once VEGF binds to VEGF re-
ceptors, receptor dimerization and autophosphoryla-
tion is induced and downstream signaling via several 
secondary messengers, including several protein ki-
nases and phosphatases, is activated. This supports 
a proangiogenic phenotype [11]. The primary signal-
ing receptor for VEGF is VEGFR-2, and activation  
of VEGFR-2 by VEGF on endothelial tip and stalk 
cells which directs the migration and extension  
of sprouting vessels, respectively [12, 13]. 
To understand the pathological significance and 
prognostic value of angiogenesis in malignancies, 
effective methods for determining cancer-related 
neovascularity in malignancies are essential. In hu-
man cancer tissues, the most common method for 
semiquantitative evaluation of angiogenesis is to 
measure microvessel density (MVD) using endothe-
lial markers [14]. Endoglin (CD105), a receptor for 
transforming growth factor β (TGF-β), is consid-
ered a very sensitive and specific marker of MVD. 
CD105 is involved in normal vascular development, 
is highly expressed on the surface of proliferating 
vascular endothelial cells, and is highly expressed 
on endothelial cells during tumor angiogenesis [15]. 
TGF-β acts as a negative regulator for tumor angio-

genesis via inhibition of proliferation and migration 
of endothelial cells and, thus, interrupting the for-
mation of microvessels, whereas CD105 counteracts 
these actions [16]. In hypoxic conditions, CD105 is 
upregulated through induction of hypoxia-inducible 
factor 1-α [17]. CD105 is also upregulated on tumor 
endothelial cells after inhibition of the VEGF path-
way [18]. CD105, which is an accessory receptor for 
diverse TGF-β family cytokines, has been implicated 
in prostate cancer cell migration and invasion [19].
The aim of our study was to record and compare 
the immunohistochemical expression of VEGF, 
VEGFR-1, VEGFR-2 and CD105 in BPH, PCa and 
HGPIN. In addition, we correlated the expression  
of these factors with pathological parameters of PCa 
such as pathological stage, differentiation, lymph 
node status and perineural invasion.

MATERIAL AND METHODS

Tissues and clinical parameters

A total of 102 paraffin embedded archival specimens 
were obtained from the Department of Pathology 
of the University Hospital of Ioannina. Our mate-
rial consisted of 51 radical prostatectomy specimens 
with prostate adenocarcinoma of various Gleason 
scores, 39 specimens of BPH and 12 specimens  
of HGPIN, obtained from retropubic or transure-
thral prostatectomy. All hematoxylin-eosin-stained 
sections were reviewed, the quality of the material 
was checked and the best slides from each specimen 
were selected. In PCa patients we selected slides 
showing central and peripheral areas of the tumor, 
avoiding areas with necrosis. Patients’ records were 
reviewed, and clinicopathological characteristics and 
follow-ups were noted. 

Immunochemistry

We used the EnVision System and the monoclonal 
antibodies VEGF (Ab-3 JH121,Neomarkers, USA), 
VEGFR-1 (RP 077,Diagnostic Biosystems, USA), 
VEGFR-2 (RP 076, Diagnostic Biosystems, USA) and 
CD105 (Clone SN6h, DAKO, DENMARK). Briefly, 
5-μm-thick histological sections from formalin-fixed 
paraffin embedded blocks of tumor tissue were de-
waxed in xylene, rehydrated through graded alcohols, 
immersed in 10mM Tris and 0.5 M EDTA, pH 9.0 and 
microwaved twice for 5 minutes each. Subsequent-
ly, the sections were incubated with 0.3% H2O2 for  
30 minutes to block endogenous peroxidase activity. 
The sections were then incubated overnight at 4°C 
with the primary antibodies (dilutions: VEGF, 1:30; 
VEGFR-1, 1:30; VEGFR-2, 1:30; and CD105, 1:5).
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VEGF, VEGFR-1 and VEGFR-2 quantification

The percentage of epithelial cells that exhibited  
a positive cytoplasmic immunoreactivity to VEGF, 
VEGFR-1 and VEGFR-2 was determined by count-
ing at least 500 epithelial cells in each case. The in-
tensity of the staining was recorded as follows: 0;  
no staining, 1; mild staining, 2; moderate staining, 3; 
intense staining. 

Microvessel detection and counting

Two investigators (NG and AG) determined MVD 
in each slide independently and blindly to pa-
tients’ outcomes. Vascularity was measured by the 
average number of CD105 positive vessels. Slides 
were examined by light microscopy and three ar-
eas with the highest number of stained microves-
sel were identified (‘hot spots’). Microvessels were 
counted in each of the three ‘hot spots’ using a 200x 
magnification field (x20 objective lens, x10 ocular 
lens) and the total number was divided by three.  
The area of the optical field in the microscope used 
for the counts was 0.7386 mm2. Determining mi-
crovessel density was expressed as the number  
of stained microvessels per optical field. Although 
in most of the counted vessels a lumen was identi-
fied, this was not necessary. Any cell or cell clus-
ter showing positive CD105 staining was counted  
as a vessel, as described in the Weidner method [20]. 
No counts were performed in areas of necrosis and 
inflammation. Sections, in which three ‘‘hot spots’’ 
could not be identified, were excluded from further 
analysis. If the two investigators had differences 
higher than ten microvessels per high-power opti-
cal field, sections were reviewed again until they 
reached a consensus.

Statistical analysis

Analyses were performed by using SPSS Version 
14.0 (SPSS Inc, Chicago, IL, USA). For comparison 
between variables we used the Kruskal-Wallis test 
and Pearson Chi-Square test while multiple regres-
sions models were used to assess correlation with 
intensity. VEGF and MVD were compared in the 
PCa group with respect to the Gleason score with  
a students t-test. In the cancer specimens, in order  
to examine if the pathological parameters were af-
fected by the angiogenetic factors within the same 
group, a multifactor ANOVA or Bonferroni multiple 
comparison test were implemented assuming no in-
teractions between the factors. P-values of less than 
0.05 were considered statistically significant with 
95% confidence intervals.

RESULTS

Clinicopathological data

The mean age of the patients was 71, 71 and 67 for 
BPH, HGPIN and Pca, respectively. In Pca cases thir-
ty-seven patients (72%) were classified as pathological 
stage T2 and 14 (28%) as stage pT3. One patient had 
a well differentiated tumor (Gleason score 5) while 19 
(37%) and 31 (61%) had moderate (Gleason score 6) 
and poor (Gleason score 7–10) differentiated tumors, 
respectively. Two patients (4%) had a detectable me-

Figure 1. Intensity of VEGF staining was significant higher  
in PCa compared to BPH (p <0.01) and HGPIN (p = 0.013).

Figure 2. VEGF immunoreactivity in prostate cancer cells 
(magnification x100).
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BPH and HGPIN (p = 1.00). Moreover, in PCa inten-
sity of VEGF staining was significantly higher when 
compared to BPH (p <0.01) and HGPIN (p = 0.013), 
while there was no difference between BPH and HG-
PIN (p = 0.853) (Figures 1, 2). 

VEGFR-1 and VEGFR-2 expression in BPH, HGPIN 
and PCa

The percentage of cancer specimens positive for 
VEGFR-1 and VEGFR-2 was 37% and 60%, respec-

tastasis in at least one lymph node at the time of diag-
nosis while perineural invasion was detected in 24 pa-
tients (47%). Twelve patients (24%) were submitted 
to adjuvant radiotherapy after radical prostatectomy.

VEGF expression in BPH, HGPIN and PCa

VEGF cytoplasmic staining was statistically signifi-
cantly higher in PCa (56.27%) compared to BPH 
(9%) and HGPIN (9%) (p <0.01 and p <0.01, respec-
tively) while no difference was observed between 

Figure 5. Intensity of VEGFR-2 staining was significant  
higher compared to BPH (p <0.01) and HGPIN (p = 0.013).

Figure 3. Intensity of VEGFR-1 staining was significant higher 
in PCa compared to BPH (p <0.001) and HGPIN (p <0.01), while 
there was no difference between BPH and HGPIN (p = 0.379).

Figure 6. VEGFR-2 immunoreactivity in prostate cancer cells 
(magnification x100).

Figure 4. VEGFR-1 immunoreactivity in prostate cancer cells 
(magnification x100).
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tween BPH and HGPIN (p = 0.379) (Figures 3, 4).  
Intensity of VEGFR-2 staining in prostate cancer 
was significantly higher compared to BPH (p <0.01) 
while there was no difference between PCa and 
HGPIN (p = 0.134). VEGFR-2 expression was sig-
nificant higher in HGPIN when compared to BPH  
(p <0.01) (Figures 5, 6).

Microvessel density

CD105 was used for the determination of microves-
sel density. We observed statistically significant differ-
ences in the number of capillaries and the distribution  

tively. There was a statistically significant difference 
in both VEGFR-1 and VEGFR-2 expression between 
PCa and BPH (p <0.001 and p <0.001, respective-
ly) and PCa compared to HGPIN (p <0.001 and  
p = 0.04, respectively). There was no statistically 
significant difference (p = 0.981) in the VEGFR-1 im-
munoreactivity in epithelial cells of BPH (8.9%) and 
HGPIN (10.4%). Similarly, no significant difference 
(p = 0.492) was observed in the VEGFR-2 immuno-
reactivity between BPH (8%) and HGPIN (28%).
In Pca the intensity of VEGFR-1 staining was sig-
nificantly higher compared to BPH (p <0.001) and 
HGPIN (p <0.01), while there was no difference be-

Figure 7. Box-plot of microvessel density for BPH, HGPIN  
and PCa demonstrating an increased MVD in PCa.

Figure 9. Patients with poorly differentiated tumors had 
higher expression of VEGF (p = 0.04).

Figure 8. Microvessels within a hot spot area, with endothe-
lial cells heavily stained with CD105, in prostate cancer cells 
(magnification x100).

Figure 10. Patients with poorly differentiated tumors had 
higher expression of CD105 (p = 0.03).
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development of normal prostate, prostatic hyperpla-
sia and carcinoma [25]. Our observations confirm 
earlier studies supporting that the VEGF and its re-
ceptors are expressed in PCa in significantly higher 
rates than BPH [26]. Moreover, it was found that the 
expression of VEGFR-2 is strongest in HGPIN when 
compared with hyperplasia. In contrast no difference 
was observed between BPH and HGPIN regarding 
the expression of VEGF and VEGFR-1. Other studies 
have shown that the expression of VEGF in HGPIN 
is significantly higher than in normal prostate, with-
out ever comparing with BPH [27]. In accordance  
to our results, Woolard et al have shown that in epi-
thelial cells, VEGF and VEGFR-1 expression was 
higher in tumor tissue when compared to benign tis-
sue. VEGF-D and VEGFR-3 expression was signifi-
cantly higher in benign tissue when compared to tu-
mor in the stroma and the endothelium of lymphatic 
and blood vessels [28]. In addition, the frequency  
of blood vessels was lower in tumor tissue when com-
pared with benign tissue. Very recently Nordby et al. 
have shown that after radical prostatectomy high ex-
pression of VEGFR-2 in either stroma or epithelium 
was independently associated with a higher incidence 
of prostate cancer relapse and high combined expres-
sion of either VEGF, VEGFR-2 or both in stroma was 
independently associated with a higher incidence 
of biochemical failure [29]. Together with previous 
studies showing efficiency of targeting VEGFR-2  
in prostate cancer, this study highlights its potential 
as a target for therapy, and may aid in future selec-
tion of prostate cancer patients for novel anti-angio-
genic treatment. 
Using immunohistochemical staining and rapid colo-
rimetric in situ hybridization, Kuniyasu et al. found 
that VEGF expression and the Gleason score were 
closely linked [30]. In addition, other studies have 
reported that a higher VEGF level was significantly 
associated with a worse outcome in PCa patients, 
but other studies did not show any significant link 
between VEGF and survival in these patients [31]. 
Liu et al. in their recent meta-analysis demonstrated 
that high VEGF expression level was a significant 
marker for predicting OS, CSS and BF in PCa pa-
tients [32].
Also, significant is the observation that in PCa over-
expression of VEGF and VEGR-1 there was an as-
sociated overexpression of VEGFR-2. Several studies 
have also shown that the complex VEGF/VEGFR-2 
induces proliferation of cancer cells having an au-
tocrine action both in solid tumors such as PCa  
as well as in hematological malignancies such as leu-
kemia [33, 34]. These investigations also showed that 
VEGF/VEGFR-2 blockade leads to a significant re-
duction in the proliferation of tumor cells. 

of the microcirculation in the different morpho-
logic patterns. Median MVD was 29.1 in PCa, while 
the corresponding values were 14.46 and 15.84  
in BPH and HGPIN, respectively (Figure 7). The vas-
cular networks, as highlighted by immunohistochem-
istry, appeared more disorganized in malignant than 
in normal prostate. MVD was a statistically signifi-
cant in PCa when compared to BPH (p <0.01) and 
HGPIN (p <0.01) while no difference was observed 
between BPH and HGPIN (p = 0.95) (Figure 8).
We recorded no relationship between the expression  
of VEGF, its receptors and MVD both in BPH and HG-
PIN. However, in PCa statistically we recorded signifi-
cant correlation between the expressions of VEGF and 
MVD (p = 0.04) as well as between VEGF and VEG-
FR-2 (p = 0.01). Similarly, there was a significant rela-
tionship between VEGFR-1 and VEGFR-2 (p = 0.03).

Correlations of VEGF, VEGFR-1, VEGFR-2  
and CD105 with pathological parameters in PCa

There was no statistically significant correlation be-
tween the expression of VEGFR-1, VEGFR-2, CD105 
and the pathological stage (p = 0.482, p = 0.861,  
p = 0.298). On the other hand, higher VEGF expres-
sion was correlated with an adverse pathological stage 
(T3) (p = 0.04). Moreover, high expression of VEGF and 
CD105 was significantly correlated with poor differen-
tiation (p = 0.04 and p = 0.03, respectively) and peri-
neural invasion (p = 0.03 and p = 0.01) (Figures 9, 10). 
No correlation was found between the above angiogenic 
factors and the usage of adjuvant radiotherapy. 

DISCUSSION

It has been proposed that neovascularization begins 
in BPH and that it keeps progressing in a stepwise 
manner in the subsequent proliferative premalig-
nant and malignant stages [21]. Studies examin-
ing the association of VEGF immunohistochemical  
expression and angiogenesis with clinicopathological 
factors and outcomes in BPH, HGPIN and PCa have 
yielded inconclusive and conflicting results. These 
discrepancies may be caused by differences in the 
tumor location, the choice of antibodies, and cutoffs 
as well as variability in immunochemistry protocols. 
As the interest for the use of angiogenic inhibitors 
in BPH (5α-reductase inhibitors) and PCa (anti-
VEGF, anti-endoglin) increases rapidly, it is neces-
sary to have valid conclusions for the importance  
of microvessel counts and VEGF expression in order 
to address their impact on prognosis and their use  
as surrogates [22, 23, 24]. 
Recent reports in the literature have addressed the 
issue of the importance of the VEGF system in the 
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lung cancer and glioblastoma. Unfortunately, well 
established anti-angiogenic therapies have failed  
to improve survival outcomes in advanced PCa [40]. 

Limitations

Some limitations of our study should be discussed. 
First, the sample size was limited and did not al-
lowed the performance of a multivariate analysis. 
Such an analysis would have confirmed observations 
of the univariate analysis for the predictive abil-
ity of the angiogenic factors overexpression on the 
patients’ outcome and on the aggressive behavior  
of the prostate cancer. Second, the co-overexpression 
of the protein and its receptor was not observed  
in all of the tumor samples; and thus, a potential au-
tocrine action of the examined factors might not be 
a general property of prostate carcinoma. More stud-
ies, preferentially prospective, are required to deter-
mine whether angiogenic expression will aid patient 
evaluation beyond traditional prognostic factors  
in an individual basis.

CONCLUSIONS

In conclusion, angiogenesis was significantly higher 
in Pca when compared to BPH and HGPIN, while 
there was no difference between BPH-HGPIN. An-
giogenesis correlates with a more aggressive poten-
tial in patients with PCa. Also, VEGF expression 
and MVD should be examined in the context of other 
proposed angiogenic molecules, and the expression 
of VEGF receptors should also be considered. Our 
observations, strengthen the case for novel research 
avenues on VEGF and other angiogenesis-inducing 
molecules, which may become useful prognostic 
markers and serve as a basis for the development  
of antiangiogenic strategies within the therapeutic 
interventions in prostatic cancer
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MVD has been widely used for the evaluation of an-
giogenesis in many previous studies, and it is rec-
ognized as one of the most useful prognostic mark-
ers for tumor progression and survival in patients 
with various different types of cancer. Immunohisto-
chemistry and antibodies against the endothelial cell 
markers CD31, CD34, and CD105 have frequently 
been used in the previous studies of cancer tissues. 
It was suggested that CD105 might be the opti-
mal antibody for the identification of microvessels  
to preclude disturbances caused by the low accu-
racy of the panendothelial markers (CD31, CD34,  
and von Willebrand factor) used so far [35]. There 
are many recent reports that have used these anti-
bodies to investigate the pathological significance 
of MVD in PCa tissues [36]. In the statistical anal-
ysis of our data we observed a higher mean value  
of CD105 in PCa than in BPH and HGPIN, consis-
tent with most reports [37]. It has been observed 
that tumors vary in 'angiogenic ability' of cancer 
cells. MVD varies among different tumors as well as 
between different regions within the same tumor.
Our data showed that increased MVD was correlated 
with a higher Gleason score in accordance to other 
studies demonstrating that in Pca MVD is differ-
ent between clinically localized low vs. high Gleason 
score disease reaching, in the latter instance, levels 
similar to those observed in Pca with bone metasta-
ses [38]. Miyata et al. recently identified that CD105-
MVD is a significant and independent predictor  
of biochemical recurrence in prostate cancer patients 
who underwent radical prostatectomy with neoad-
juvant hormone treatment [37]. Karzai et al. have 
recently applied an anti-CD105 antibody (TRC105)  
in metastatic castration-resistant prostate cancer 
with favorable results regarding tumor growth, pro-
gression and metastases in prostate cancer [39].
Approved antiangiogenic drugs such as bevacizumab, 
sorafenib, sunitinib, and pazopanib primarily target 
the VEGF signaling pathway and are associated with 
modest survival advantages in localized PCa and var-
ious malignancies such as renal, breast, colorectal, 
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