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ABSTRACT
Our research team recently demonstrated that the onset of rat age-related Benign Prostatic Hyperplasia (BPH) is 

concomitant with parallel increases of both prostatic and blood serum Vascular Endothelial Growth Factor (VEGF) 

levels. This follow up was centered in how prostatic expression and location of VEGF modify depending on the BPH 

onset was raised. To evaluate this, prostatic expression and location of both VEGF and its specific receptor (VEGF-R) 

were analyzed by both Western blot and immunohistochemistry in rats with separate ages. Results indicate that 

VEGF significantly (P<0.05) increased its prostate expression in BPH-affected rats, being this increase parallel with a 

change in the intracellular VEGF location, which went from a per membranous situation in healthy animals to an 

intracytoplasmic one in BPH-affected ones. Moreover, there was evidence of a Golgi apparatus-related location of 

VEGF in BPH animals. In all, results seem indicate that the observed concomitant BPH-related changes in prostatic 

tissue and blood serum VEGF levels would be related with an increase in both prostate, Golgi apparatus-related 

VEGF processing and further extracellular secretion.
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INTRODUCTION
Benign prostatic hyperplasia (BPH) is a well-known age-related 
process that affects species such as human and rodents [1-3]. 
Although BPH is inherently a benign process, its importance 
lays not only in the appearance of annoying symptomatology, 
such as urinary discomfort, but also in being considered as a 
first step in the pathological way leading to the appearance of 
prostatic neoplasia [4-9]. In this way, a precise knowledge 
regarding BPH pathogenesis is essential to develop better 
tools for the prognosis of severe prostatic alterations. In the 
last years, inflammation has been described as one of the 
most important triggers, if not the most, of BPH [10-13]. Thus, 
the role of chemokines, including vasculogenic factors, in the 
onset of BPH has been well established [14]. This is an 
important asset when considering that these factors also play a

key role in the further development of prostatic tumors [4-8]. In
fact, vasculogenic factors are especially important since
vasculogenesis plays a key role in cell proliferation leading firstly
to BPH and, subsequently, to prostatic tumors [15,16]. Several
studies have shown that angiogenic factors such as the
endothelial vascular growth factor (VEGF), the Fibroblasts
Growth Factor 1 (FGF-1) and 2 (FGF-2), several
metalloproteinases, the Insulin-like Growth Factor I (IGF-I) and
the angiopoietin modulate neovascularization through complex
autocrine and paracrine mechanisms during the onset of BPH
and subsequent prostatic tumors [15-17]. From all these factors,
VEGF seems to play a distinguished role, being already described
to be involved in the development of prostatic carcinoma [18].
This assert has been further supported by data obtained in our
laboratory indicating that the onset of rat BPH is concomitant
with parallel increases of both prostatic and blood serum VEGF
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prostatic lobes were excised into two portions. The first 
portion was fixed in a 4% (v:v) formaldehyde solution in 
phosphate buffered saline (PBS, pH 7.4) at 20°C at a volume 
proportion of 10:1. Samples were kept inside the formaldehyde 
solutions for a minimum of 24 h at 20°C before their use. 
These fixed portions were used to perform histological and 
immunohistological analyses. On the other side, the second 
portion was immediately frozen in liquid N2 and subsequently 
stored at -80°C. Frozen sections were utilized for 
immunoblotting analyses. This experimental design did not 
require any specific code from the Ethical Commission (EC) of 
the Autonomous University of Barcelona (AUB), since there 
was no experimental procedure linked to the work. In any case, 
our procedure was specifically approved by the EC of the 
AUB, following the Animal Welfare Guidelines approved by 
both the Spanish and Catalan Governments.

Processing samples for histological and
immunohistological procedures

Histological Hematoxylin-Eosin (H-E) staining of prostatic tissue 
samples was performed on formaldehyde-fixed samples that were 
thoroughly washed with PBS and then dehydrated through 
sequential immersion in ethanol dilutions from 70% (v:v) to 
100% (v:v), following standard practices. Once dehydrated, 
samples were subsequently submerged in xylol for 1h at 20°C 
and then embedded in paraffin overnight at 58°C. The obtained 
paraffined samples were subsequently cooled at 4°C and a solid 
block was formed (approximate time: 1h). These blocks were 
subsequently sliced with a microtome (HistoCore Biocat®; Leica 
Biosystems; Wetzlar, Germany). Obtained slices had thickness of 
both 5 µm and 7 µm. Finally, obtained slices were placed onto 
25 mm × 75 mm xylene-coated slides prior staining. Slides 
stained with Haematoxylin-Eosin (H-E) staining were used to 
evaluate the histology of the sample. Immunohistochemistry 
against both VEGF and VEGF receptor as well as specific 
markings of Golgi apparatus was also performed on 
formaldehyde-fixed samples that were thoroughly washed with 
PBS. Afterwards, samples were treated with sequential 
immersion in hydrous dilutions of sacarose from 5% (w:v) to 30 
% (w:v), following standard practices. Afterwards, samples were 
embedded in the cry inclusion medium OCT Tissue-Tek® 

(Sakura Finetek; Tokio, Japan). When embedding was 
completed, samples were stored at -20°C until a solid block was 
formed (approximate time: 3-4h). Frozen, solid blocks were 
subsequently sliced through a cryostat (Leica CM3050 S; Leica 
Biosystems) to obtain slices with a thickness of 20 µm. These 
slices were placed onto 25 mm × 75 mm xylene-coated slides and 
stored at -20°C until their use.

Immunoblotting of prostatic tissue

For this analysis, frozen prostate samples were homogenized in 
an ice-cold homogenization buffer. This buffer was different 
depending on the specific analyzed protein. Thus, for VEGF 
immunoblotting, samples were homogenized in a 50 mM 
Tris/HCl buffer (pH 7.4) added with 1mM EDTA, 1% (v:v), 
10mM ethyleneglycil-bis-(2-aminoethyleter)-N,N,N’,N’ tetra 
acetic acid (EGTA), 25 mM Dithiothreitol (DTT), 1.5 (v/v) 
Triton X-100®, 1mM phenylmethylsulfonyl fluoride (PMSF),
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levels [19]. However, the exact mechanisms by which VEGF 
exert its vasculogenic effects on prostate gland are not well 
known. Thus, although several reports suggest a direct action of 
VEGF through its canonical receptors, which are present in 
endothelial cells (VEGF-R) [20], other authors described an 
androgen-dependent mechanism through the formation of a 
Golgi apparatus-modulated in tumor prostatic cells, VEGF-
androgen-androgen receptor-Specific Protein 1 (Sp1) complex 
[18]. This latter mechanism has not been described in BPH so 
far, although the existence of two independent mechanisms for 
the VEGF action could explain the published discrepancies 
regarding the expression of VEGF in both BPH and prostatic 
carcinoma. In this way, whereas several authors found significant 
differences in the prostatic expression of VEGF between BPH 
and prostatic carcinoma, other authors indicated that these 
differences were mainly due to intrinsic differences among 
samples and even among the utilized detection techniques 
[15-17]. All of these data pointed out to that, although the 
relationship between VEGF and the onset of BPH seems clear, 
there is not a depth knowledge concerning the previous 
evolution of VEGF expression, as well as that of canonical 
VEGF-R during the process that would eventually lead to the 
onset of BPH. Taking all this information into account, the 
main aim of this work was to analyze the evolution of the 
expression, through Western blot and immunocytochemistry, of 
VEGF and VEGF-R linked with the onset of BPH in rats. For 
this purpose, prostate glands from rats of different ages (1 
month, 3 months, 6 months and 12 months) were analyzed to 
determine the putative age-related changes in the expression of 
both VEGF and VEGF-R. Moreover, putative, parallel changes 
in both the co-location of VEGF and Golgi apparatus, which 
could suggest the presence of a non-canonical pathway for 
VEGF action. To go further in depth in the knowledge of the 
putative role of VEGF in the onset of BPH.

MATERIALS AND METHODS

Animals

In this study, 28 healthy Sprague Dawley male rats aged 1 
month-old (prepuberal, n=7), 3 months-old (pubertal, n=7), 6 
months-old (mature, n=7) and 12 months-old (elder,n=7) were 
used. Animals were directly purchased from a commercial 
supplier (Harlan Interfauna Ibérica S.L., Sant Feliu de Codines, 
Spain) at the indicated ages. Once at the laboratory, animals 
were housed at the University facilities under controlled 
environmental conditions (12 h/12 h light darkness cycle, 20°C 
and 40% humidity) for 48 h, where they were fed with 
a commercial diet and water “ad libitum”. Next morning after 
the 48 h-period, rats were euthanatized by introduction in a 
CO2 chamber for 5 min. Once death was determined, blood 
samples were immediately obtained through intracardiac 
puncture and ventral prostatic lobe was removed through a 
celiotomy. Blood samples were allowed to clot at 20°C 
for 20 min and subsequently centrifuged at 1600 xg at 
4°C for 10 min. afterwards, serums samples were 
recovered and immediately frozen in liquid N2. Frozen serum 
samples were then stored at -80°C until their use. Regarding 
prostatic tissues, after a careful  dissection,  the obtained  ventral 
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was performed as described above for both VEGF and VEGF-R. 
In all cases, the intensity of the bands was determined by using 
the Image J Fiji system [24], and both VEGF/α-tubulin and 
VEGF-R/α-tubulin ratios were calculated after scanning, 
digitalization, and subsequent storage of α-tubulin results in 
TIFF format in a similar manner to that described for both 
VEGF and VEGF-R. Finally, negative controls for VEGF were 
applied by incubating a randomly chosen 12 months-old prostate 
sample homogenized in the H Buffer with a specific pre-absorbed 
VEGF peptide (Novus Biologicals) for 2h at 20°C.This pre-
absorbed sample was loaded in a lane of the applied SDS-PAGE 
together with all other samples. A similar treatment was 
performed for obtaining a negative control for the VEGF-R, in 
which a specific pre-absorbed VEGF-R peptide (Novus 
Biologicals) was also utilized.

Histological and immunohistological staining
procedures

As mentioned above, a standard H-E staining procedure was 
performed to determine the histological architecture in 
paraformaldehyde-fixed samples. The H-E staining was carried 
out following the previously well-established procedures as 
shown in both 5 and 7 µm-thickness slices [25]. Regarding both 
VEGF and VEGF-R immunohistochemistry analysis, after 
thawing at room temperature, slides were firstly washed four 
times with PBS and then permeabilized by incubation with 0.3 
(w:v) Triton X-100® in water for 30 min at 20°C. After two 
further washes with PBS, slides were then blocked through 
incubation with a 1% (w:v) Serum Bovine Albumin (SBA) 
solution in PBS for 1h at 20°C. Subsequently, Slides were 
incubated with the appropriate primary antibodies. In this 
study, the above-described specific antibodies against VEGF and 
VEGF-R were utilized at a final dilution of 1:500. Additionally, 
some slides were co-incubated with the anti-VEGF antibody 
together with a mouse monoclonal anti-Golgi apparatus 
antibody (anti-GM130; BD Biosciences; San Jose; CA, USA; 
catalogue number 610822) at a dilution of 1:500. Incubation 
with primary antibodies was carried out for 8h at 20°C. 
Subsequently, slides were washed twice with PBS and the 
appropriate secondary antibody was added. Thus, to detect the 
VEGF signal, an Alexa Fluor 488-marked goat-anti mouse 
secondary antibody (Ref. A11209; Thermo-Fisher Scientific) was 
utilized, whereas to detect VEGF-R the chosen secondary 
antibody was an Alexa Fluor 488-marked goat-anti rabbit 
secondary antibody (Ref. ab 150077; Thermo-Fisher Scientific) 
and Golgi apparatus was detected by using a FITC-conjugated 
goat anti-mouse secondary antibody (Ref. ab6785; Abcam; 
Whaltman; MA, USA). In all cases, dilution of all these 
secondary antibodies was 1:500 in a 1% (w:v) BSA solution in 
PBS and samples were incubated for at least 1h at 20°C. 
Moreover, the nuclear staining Hoechst 33342® (Sigma Aldrich; 
Santa Cruz; CA,USA) was added together with the utilized 
secondary antibodies at a final concentration of 1:1000 (v:v). 
Finally, slides were washed twice with PBS and subsequently 
mounted by using Mowiol® (Sigma Aldrich). Fluorescence was 
analyzed through a Zeiss 880 LSM laser confocal microscope 
(Carl Zeiss Microscopy Gmbh; Jena, Germany) adapted to an 
inverted Leitz DMIRBE microscope at 63X (N.4 oil; Plan-Apo
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10 µg/mL leupeptin,1mM Na2VO4 and 1 mM benzamine (H 
Buffer). On the other hand, samples utilized for the detection of 
the VEGF-R were homogenized in a 50 mm Tris/HCl buffer 
(pH 7.5) added with 1mM Ethylene Diamante Traacetic acid 
(EDTA), 1% (v:v) Nonidet P-40®, 0.25% (w:v) sodium 
deoxycolate, 0.05% (w:v) sodium dodecyl sulfate (SDS), 150 mM 
NaCl, 1mM PMSF, 10 µg/mL leupeptin, 1 mM Na2VO4 and 1 
mM benzamine (RIPA Buffer). Differences in the 
homogenization buffers between VEGF and VEGF-R were due 
to the separate location of both proteins, in cell cytosol of 
membranes, seeking thus for the most optimal buffer for each 
case. The homogenization buffer/prostate sample ratio was in 
all cases of 1µg tissue/5 µL buffer. Homogenization was carried 
out by using an Ultra-Turrax® T25 Basic homogenizer (IKA®-
Werke; Staufen, Germany) at a homogenization velocity of 
13500 r.p.m. for approximately 1 min. Once assured that 
samples were completely homogenized, they were centrifuged at 
1200 xg for 10 min at 4°C and obtained supernatants were 
collected for immunoblotting. For this purpose, the first step 
was the analysis of the total protein content of samples through 
the Braford technique [21], by Using a commercial kit (BioRad; 
Hercules, CA, USA). Afterwards, samples were subjected to a 
polyacrylamide gel electrophoresis procedure in the presence of 
SDS (SDS-PAGE) as described in [22]. In all cases, the total 
protein content loaded in each electrophoretic lane was 15 µg. 
Immunoblotting was performed following the Western blot 
method, as described in [23]. Subsequently, after performing the 
transference to nitrocellulose membranes, samples homogenized 
with H Buffer were tested by applying an anti-mouse VEGF 
antibody (Novus Biologicals; Littelton; CO, USA), whereas 
those homogenized in the presence of the RIPA buffer were 
tested by applying an anti-rabbit VEGF-receptor antibody 
(Novus Biologicals). In both cases, immunoreactivity proteins 
were detected through subsequent incubation with a peroxidase-
conjugated rabbit anti-mouse secondary antibody in the case of 
the VEGF detection (Dako; Glostrup, Denmark) or with a 
peroxidase-conjugated donkey anti-rabbit secondary one in the 
case of VEGF-R (Santa Cruz Biotechnology; Dallas; TX, USA). 
The utilized dilutions of antibodies were of 1:1000 in the case of 
both anti-VEGF and anti-VEGF-R, whereas those of secondary 
ones were of 1:5000. Afterwards, immunoreactivity proteins 
were shown after development by using a commercial kit 
(Western Blotting Luminol Reagent; Santa Cruz Technology). 
Once revealed, the resulted membranes were scanned and stored 
by digitalization in TIFF format. Then, the same nitrocellulose 
membranes were subjected to a stripping process in order to 
remove all antibodies linked to proteins by incubation in an 
specific stripping buffer containing 10% (v:v) Tween-20®, 1%
(w:v) SDS and 15% (w:v) glycine. Incubation in the stripping 
buffer was conducted for 5 min at 20°C. Afterwards, membranes 
were washed twice for 10 min in phosphate-Buffered Saline 
(PBS; pH 7.4), followed by two subsequent washes of 5 min in 
Tris-Buffered Saline (TBST; pH 8.0). Subsequently, membranes 
were again subjected to a n immunoblotting detection against α-
tubulin as a normalizing protein by using a specific anti-mouse α-
Tubulin (Thermo-Scientific; Waltham; MA, USA); which was 
applied at a dilution of 1:1000. Following incubations with a 
peroxidase rabbit anti-mouse secondary antibody at a dilution 
of 1:5000 and subsequent development of specific protein signal 
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Lens; Leitz Gmbh; Stuttgart; Germany). The light source was an
argon/krypton laser of 74 mW, whereas fluorescence detection
was specifically adapted to each fluorochrome. Images were
finally taken and digitalized in TIFF format by using the
Microscope Camera Moticam Series 3.0 system (Microptic, S.L.;
Barcelona, Spain) for their study.

Statistical analyses

Statistical analyses were carried out through the SPSS 15.0
package for Windows (SPSS Inc., Chicago, IL, USA). First, data
were tested for normality and homoscedasticity using the
Shapiro–Wilk and Levene tests. Since all data showed normal
Gaussian distributions, no transformations were needed.
Putative significance of differences was evaluated through a
Generalized Estimating Equation (GEE), an extension of
Generalized Linear Model (GLM) for repeated measures, which
is present in the statistical package. The main characteristics of
the GEE were normal distribution and identity link function,
whereas the utilized inter-subject factor was age. In all cases, each
age was the dependent variable and multiple post hoc
comparisons were calculated using Sidak’s test. In all statistical
analyses, level of significance was set at P˂0.05. However, since
the analytical technique has an intrinsic subjective component,
we considered true differences to be only those for which
P˂0.05 and with a percent difference above 20%. Moreover,
since both VEGF/α-tubulin and VEGF-R/α-tubulin ratios had
arbitrary units, analyses were performed after transforming
results taking into consideration that mean values for 1 month-
old age rats were 100 and then, values obtained in the other age
groups will take 1 month-old group as the baseline.

RESULTS

Histopathological detection of benign prostatic
hyperplasia

Histology of prostate glands from 1 month-old rats (prepuberal
rats) showed the presence of a tubular ductal epithelium
composed by one layer of cuboid epithelial cells surrounded
with mesenchymal tissue mainly composed by conjunctival cells
and blood vessels (Figures 1A and 1B). Moreover, the presence
of a clearly discernible amorphous tubular content positive to
the H/E staining was also detected (Figures 1A and 1B). A very
similar prostate histological aspect was observed in both 3
months-old rats and 6 months-old ones, although in these cases
mean tubular diameters seemed to be greater (Figures 1C and
1D). Additionally, 50% of the analyzed 6 months-old rats
showed incipient sings of BPH in the form of focalized ductal
areas in which there were more than one layer of epithelial cells
(Figure 1D). Finally, epithelial ductal hyperplasia was detected in
prostate glands from elder, 12 months-old rats. Hyperplasia was
apparent as tubular areas of separate sizes in which there were
the accumulation of 2-4 layers of epithelial cells (Figures 1E and
1F). Both the size and the amount of hyperplasia focuses in
elder rats were variable, although all of the studied 12 months-
old animals showed the presence of hyperplasic areas.

Figure 1: Histological appearance of prostate gland tissues 
from 1 month-old, 6 months-old and 12 months-old rats.
Note: Prostatic tissues were processed and stained by using the 
Haematoxylin-Eosin technique as described in the Material 
and Methods section. A,B: 1 month old rats. C,D: 6 months-
old rats. E,F: 12 months-old rats. A,C,E: images observed at 
100X magnification. B,D,F: images observed at 1000X 
magnification. *: intraductal areas: interstitial tissue. •: 
ductal epithelium. Bars in images A, C and E indicate 100 µm 
length, whereas bars in images B, D and F indicate 20 µm 
length. Figure shows representative images obtained from 
seven 1 month-old rats, seven 6 months-old animals and seven 
12 months-old ones.

Expression and location of VEGF in prostate tissue
from rats of separate ages

Western blot analyses showed the presence of a specific 42 kDa 
band in prostatic samples from prepuberal rats which 
corresponded to the presence of VEGF (Figure 2A). The analysis 
of the relative intensity of this band did not show any significant 
difference in this parameter when compared 1 month-old rats 
and 3 months-old ones (Figure 2B). On the contrary, both 6 
months-old rats and 12 months-old ones showed a significant 
(P<0.05) increase in the relative intensity of the prostate VEGF 
band, which was especially intense in the oldest animals (199.6 ± 
4.4, arbitrary units in 12 months-old rats vs. 100.0 ± 
1.4, arbitrary units, in 1 month-old ones; see Figure 2B). 
Specific prostate immunohistochemistry showed a 
perimembranous location in prostatic ductal cells of VEGF in 
1 month-old rats (Figure 2C). This distribution was 
progressively migrating to cellular cytoplasm with age (Figure 
2D), reaching to a very noticeable cytoplasmic VEGF location 
in 12 months-old animals (Figure 2E). Cytoplasmic VEGF 
signal was often observed as vesicle-like forms (Figures 2D and 
2E). Additionally, some ductal cells in 12 months-old 
animals showed an intense VEGF marking linked with the 
Golgi apparatus (Figure 2F).
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Figure 2: Expression and intracellular location of 
VEGF receptor in prostatic tissues from rats of separate ages.

All procedures have been described in the supplied
Supplementary Material. A: box and whisker plot representation
of obtained VEGF-R/α-tubulin ratio through the Western blot
procedure. White bars: prepuberal rats. Light grey bars: young
rats. Dark grey bars: adult rats. Black bars: elder rats. Asterisks
indicate significant (P˂0.05) differences when compared with
the prepuberal group. Results showed data dispersion, S.E.M,
means (intra-box continuous line) and median (intra-box
discontinuous line) for 7 rats in each age group. B:
representative image of the specific VEGF-R band obtained after
the Western blot analysis and revealed as negative image. VEGF-
R: VEGF-R lane; α-tubulin: concomitant α-tubulin lane. Image
is representative for the analysis of 7 animals in each age group.
C-E: immunocytochemistry against VEGF-R. C: prepuberal rats.
D: adult rats. E: elder rats. F: negative control for the utilized
primary antibodies. All images are shown at 1000X
magnification. Arrows point out VEGF-R-positive markings.
Bars indicate 100 µm lengths.

Expression and location of VEGF receptor in
prostatic tissue

Likewise to that observed with VEGF, Western blot analyses of
prostatic tissues from 1month-old rats showed the presence of a
specific 222 kDa band corresponding to the presence of the
VEGF receptor (Figure 3A). There were no significant
differences in the relative intensity of the VEGF receptor band
among 1 month-old rats, 3 months-old animals and 6 months-
old ones (Figure 3B). Conversely, 12 months-old rats underwent
a significant (P<0.05) increase in the VEGF receptor relative

intensity band, reaching values of 146.9 ± 10.7, arbitrary units
(as comparison, 100.0 ± 4.3, arbitrary units, in 1 month-old rats;
see Figure 3B). Regarding the location, immunohistochemistry
showed the presence of VEGF receptor in both per
membranous and cytoplasmic locations in all analyzed age
groups, without noticeable changes in its location (Figures 3C
and 3E).

Figure 3: Expression and intracellular location of VEGF 
in prostatic tissues from rats of separate ages.

All procedures have been described in the supplied 
Supplementary Material. A: box and whisker plot representation 
of obtained VEGF/α-tubulin ratio through the Western blot 
procedure. White bars: prepuberal rats. Light grey bars: young 
rats. Dark grey bars: adult rats. Black bars: elder rats. Asterisks 
indicate significant (P˂0.05) differences when compared with 
the prepuberal group. Results showed data dispersion, S.E.M, 
means (intra-box continuous line) and median (intra-box 
discontinuous line) for 7 rats in each age group. B: 
representative image of the specific VEGF band obtained after 
the Western blot analysis and revealed as negative image. VEGF: 
VEGF lane; α-tubulin: concomitant α-tubulin lane. Image is 
representative for the analysis of 7 animals in each age group. C-
E: immunocytochemistry against VEGF. C: prepuberal rats. D: 
adult rats. E: elder rats. F: VEGF-Golgi apparatus co-location in 
elder rats. G: negative control for the utilized primary 
antibodies. All images are shown at 1000X magnification. 
Asterisks indicate VEGF-positive intracytoplasmic markings, 
whereas arrows point out VEGF-positive per membranous ones. 
Arrows in F: positive VEGF-Golgi apparatus co-location. 
Arrowheads: nucleuses. In all images, blue spots indicate cell 
nucleuses stained through the Hoechst 33342® technique. Bars 
indicate 100 µm length.
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DISCUSSION
Results shown in this work suggest that the onset of BPH is
related with specific changes in the expression and location of
VEGF, which started before the appearance of evident
histological signs of hyperplasia. These changes would lead to an
increase in both prostate, Golgi apparatus-related VEGF
processing and further extracellular secretion. Furthermore, our
results concerning VEGF-R and Golgi apparatus co-location also
suggest that these changes could be modulated by both
canonical and non-canonical mechanisms. In this way,
vasculogenesis-related mechanisms that were at least partially
modulated by VEGF could be one of the mechanisms involved
in the onset of BPH. Our results indicated that changes in the
intracellular expression and distribution of VEGF seem to be
more important than those of VEGF-R would be more
important as mechanisms involved in the onset of BPH. In fact,
VEGF-R expression only increased in 12 months-old rats, in
which BPH was already established. Thus, results suggest that an
increase in VEGF-R levels would not be related with the onset
of BPH. On the3 contrary, there is a noticeable location change
of VEGF from perimembranous areas in pre-pubertal (1 month-
old rats) and young animals (3 months-old) to intracellular ones,
linked to Golgi apparatus in older individuals. It is noteworthy
that, according to our knowledge, the perimembranous location
of VEGF has not been described before in prostatic tissue. This
is different to that described for other pathologies such as renal
carcinoma, in which VEGF appeared in both cytoplasmic and
per membranous areas [26,27]. Otherwise, the appearance of
VEGF signal linked to Golgi apparatus not only would suggest
the existence of a non-canonical pathway for VEGF, but also the
appearance of post-translational changes in intracellular VEGF.
Considering all these results, it would be reasonable to suggest
that the observed changes in VEGF location in 12 months-old
rats could be also related with the appearance of VEGF-Golgi
apparatus co-location. In this sense, it is interesting to remind
that there are several reports indicating that changes in
intracellular location of Golgi apparatus have been related with
the onset of tumoralprocesses in tissues such as colon, stomach,
and mammary gland [28-30]. Therefore, our results suggest that
the onset and subsequent establishment of BPH would be
related with an increase in the expression of VEGF that could
lead to angiogenic alterations leading to the appearance of ill-
regulated cell prostate proliferation.

CONCLUSION
Data showed here suggest that the onset of age-related benign
prostatic hyperplasia (BPH) is concomitant with an increase of
intracellular levels of VEGF. This increase was concomitant with
a re-distribution of VEGF intracellular location that, in turn,
was parallel with an increase in VEGF-Golgi apparatus co-
location. These changes would lead to angiogenic alterations in
prostate tissue that would be one of the factors involved in
further development of prostatic tumors in rats.
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