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Abstract: Abnormal angiogenesis is a critical feature of many diseases, including cancers and their precursors. Although 

the association between prostate carcinogenesis and changes in microvascular architecture is well known, these changes 

are not well-documented from a quantitative point of view. The present work deals with stereological estimates of the 

number of quiescent and proliferative endothelial cells, and microvessel length in normal and prostate cancer tissues. Un-

biased stereological measurements of numerical densities of proliferating cell nuclear antigen immunostained cells, non-

proliferating endothelial cells, caspase 3 immunoreactive endothelial cells, and relative length (length density) of mi-

crovessels, were performed in control and cancer specimens. There were no changes in either proliferation or apoptosis in 

carcinoma endothelial cells. A decrease of endothelial cell density, together with an increase of microvessel length den-

sity, were detected in prostate cancer specimens.  

Therefore, the following conclusions can be drawn: a) The increase of angiogenetic activity in prostate carcinogenesis 

leads to an increment of the microvascular length; b) The amount of endothelial cells per vascular length decreases in 

prostate cancer; c) There is no decrease of endothelial apoptosis in cancer microvessels. d) The increase of the length den-

sity of microvessels in prostate cancer is not directly associated to an enhancement of the endothelial proliferation; and e) 

The blood supply of epithelium was similar in both cancerous and normal prostate. 

Key Words: Angiogenesis, prostate cancer, endothelium, microvascular length, cell proliferation, endothelial apoptosis,  
stereology. 

INTRODUCTION  

 The scientific world is currently dedicating attention to 
the prostate because of the increase of incidence and preva-
lence of prostate pathology, either benign or malignant. 
There are a great number of biological factors intervening in 
the establishment, development, and progression of malig-
nant proliferative prostatic pathology [1]. A relevant factor is 
vascularization, given the influence that the microvascular 
environment exerts on the growth of prostatic carcinoma [2]. 
The number of cells in a certain cellular population is the 
end point resulting from the equilibrium between prolifera-
tion and programmed death. The endothelium is the main 
component of microvessels and plays an important role in 
the establishment of the size and architecture of the mi-
crovascular bed [3]. It seems interesting to quantitate the 
final amount of endothelial cells and their rates of prolifera-
tion and apoptosis, in order to obtain better knowledge of the  
  

*Address correspondence to this author at the Department of Anatomy, 

Histology, and Neuroscience, School of Medicine, Autonomous University 

of Madrid, C/Arzobispo Morcillo 2, 28029-Madrid, Spain; Tel: 34-

914975367; Fax: 34-914975353; E-mail: luis.santamaria@uam.es  

dynamism of this cell population in both normal and tumoral 
conditions. 

 Caspases are fundamental components of the mammalian 
apoptotic machinery. Caspase 3 is a prototypical enzyme that 
becomes activated in a wide variety of tissues during apopto-
sis [4]. On the other hand, there is evidence of a loss of 
caspase 3 protein expression in prostate cancer [5]. The 
quantification of immunoexpression of caspase 3 might con-
stitute a reliable method for measuring apoptotic activity in 
prostate cancer.  

 Alternately, angiogenesis is basically defined as the 
process leading to the formation of new blood vessels and is 
essential for normal growth and development [6]. In normal 
adults, active angiogenesis occurs infrequently [3]. Abnor-
mal angiogenesis is a critical feature of many diseases, in-
cluding cancers and their precursors [7, 8].  

 Focusing on the prostate, there are a number of reports 
concerning neovascularity and invasive cancer which, on the 
whole, suggest a link between increased vascular density and 
an aggressive tumor phenotype [9-12]. Scarce rigorous 
stereological assessment has been performed regarding this 
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matter [13], as most of the studies concerning quantification 
of microvessels employ microvessel density (MVD), or 
counting of the number of microvessel profiles [13-16]. Cur-
rently, MVD is not consistently defined and it seemed inter-
esting to evaluate microvascularity by unbiased stereologic 
tools, such as length density (LV) (defined as the length of 
microvessels per unit of volume of tissue) [17], to obtain 
more accurate and rigorous measurements.  

 The present study deals with the stereologic estimation of 
LV for microvessels in cancer and normal prostate specimens, 
to confirm the hypothesis that the increase of angiogenetic 
activity in prostate carcinogenesis leads to an increment of 
microvascular length [18], and to ascertain if this increment 
is related to an enhancement of endothelial proliferation in 
tumoral microvessels [19]. Proliferating and non-proliferating 
endothelial cells, as well as apoptotic endothelial cells, were 
counted in order to correlate the size of the microvascular 
bed with the growth of the endothelial population in normal 
and cancerous prostate.  

MATERIALS AND METHODOLOGY 

Materials 

 Thirty prostate specimens were collected at La Princesa 
Hospital (Madrid, Spain). The first 15 (CTR group) were 
from healthy subjects without endocrine or reproductive pa-
thology, deceased in traffic accidents, and eligible as donors 
for transplant: adults, age (mean ± SD): 33 ± 8.5; range: 20-
47 years. The remaining 15 were surgical specimens (radical 
prostatectomy) from patients diagnosed with prostate carci-
noma (CA group): age (mean ± SD): 70 ± 10; range: 56 to 85 
years. In all these cases, the diagnostic of carcinoma was 
previously confirmed by histopathology. Eleven of the can-
cer cases had a Gleason score of 7 (3+4), and the rest had a 
Gleason score of 6 (3+3). The CA cases were without prior 
neoadjuvant hormonal therapy.  

 All ethical requirements were carried out in order to ob-
tain the prostatic tissue either at the moment of the multior-
ganic extraction for transplant (CTR group) or at surgery 
(CA group). Immediately after extraction, the specimens 
were weighed and their fresh volume was obtained by water 
displacement. All the specimens were fixed in 10% parafor-
maldehyde in PBS, pH 7.4, for 24 hrs.  

Sampling Protocol 

 After fixation, the specimens from both the CTR and CA 
groups were thoroughly sectioned into 2-mm-thick slices, 
performed by isotropic uniform random sampling (IUR sec-
tions) [20], to assure an isotropic encounter between the tis-
sue and the probe for estimation of the microvessel length 
[21]. 

Immunohistochemistry 

 All the IUR sampled slices were then processed by paraf-
fin embedding. The paraffin blocks were exhaustively sec-
tioned into five-μm-thick sections (for routine hematoxylin-
eosine), alternating with 10-μm-thick sections (for stere-
ological measurements). Two types of double immunostain-
ings were performed in order to (a) visualize the endothelial 
nuclei immunoreactive to proliferating cell nuclear antigen 

(PCNA) together with the microvascular structure im-
munoreactive to Von Willebrand factor (Factor VIII related 
antigen) [13], and b) to show simultaneously the endothelial 
cells immunostained to caspase 3 and the microvessels im-
munostained to Factor VIII. At least ten randomly selected 
slides per specimen groups (five for PCNA plus Factor VIII, 
and five for caspase 3 plus Factor VIII) were immunostained 
in the CTR and CA groups. Deparaffinized and rehydrated 
tissue sections were treated for 30 min with hydrogen perox-
ide 0.3% in phosphate-buffered saline (PBS) pH 7.4 to block 
endogenous peroxidase. Mouse monoclonal and rabbit poly-
clonal antibodies were used as primary antibodies.  

 To detect PCNA immunoreactivity, sections were incu-
bated with a monoclonal anti-PCNA antibody (Biomeda, 
Foster City, CA, USA) diluted at 1:200. To detect caspase 3 
immunoreactivity, a monoclonal anti-caspase 3 antibody 
(Cell Signaling Technology Inc., Beverly, MA, USA) diluted 
at 1:50 was employed. Pretreatment of sections by heat in 
citrate buffer pH 6.0 (using a pressure cooker) [22] was per-
formed to enhance both immunostainings. The primary an-
tisera were diluted in PBS pH 7.4 containing 1% bovine se-
rum albumin (BSA) plus 0.1% sodium azide. Incubation 
with primary antisera was performed overnight at 4ºC.  

 The second antibody employed was a biotin-caproyl-anti-
mouse immunoglobulin (Biomeda), diluted at 1:400 in PBS 
containing 1% BSA without sodium azide, and incubated for 
30 min at room temperature. Thereafter, sections were incu-
bated with a streptavidin-biotin-peroxidase complex (Bio-
meda). The immunostaining reaction product (in brown) was 
developed using 0.1 g diaminobenzidine (DAB) (3,3’,4,4’ – 
Tetraminobiphenyl, Sigma, St Louis, USA) in 200 mL of 
PBS, plus 40 μL hydrogen peroxide.  

 Afterwards, the sections immunostained to PCNA and to 
caspase 3 were again processed for immunostaining to Fac-
tor VIII. A polyclonal antibody (Sigma), diluted at 1:1000 in 
PBS pH 7.4 containing 1% bovine serum albumin (BSA) 
plus 0.1% sodium azide was employed. The second antibody 
used was a biotin-caproyl-anti-rabbit immunoglobulin (Bio-
meda). Thereafter, sections were incubated with a strep-
tavidin-alkaline phosphatase complex (Biomeda). The im-
munostaining reaction product (in blue) was developed using 
the BCIP/NBT substrate kit (Zymed, San Francisco, CA, 
USA). The antisera diluents and incubation protocols for 
immunostaining to Factor VIII were identical to protocol for 
PCNA or caspase 3.  

 After immunoreactions, sections were counter-stained 
with Harris hematoxylin. All slides were dehydrated in etha-
nol and mounted in a synthetic resin (Depex, Serva, Heidel-
berg, Germany). The specificity of the immunohistochemical 
procedures was checked by incubation of sections with non-
immune serum instead of the primary antibodies. 

Quantitative Methods 

 The numerical density (NV) of endothelial cells (cell 
number per unit of volume of reference space) was estimated 
for both PCNA immunoreactive (NV PCNA positive) and 
PCNA negative nuclei (NV PCNA negative), employing the 
optical disector, an unbiased stereological method, [23] us-
ing the Cast-Grid program (Stereology Software Package, 
Silkeborg, Denmark).  
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 In the case of immunostaining for caspase 3, the NV of 
both endothelial cells, with and without cytoplasmic im-
munoreactivity for caspase 3, was estimated with the same 
procedure as that employed in PCNA sections. The counting 
unit was the nucleus of either caspase 3 positive or negative 
cells. The reference space for estimating the numerical densi-
ties was that occupied by the stroma of the prostate.  

 In order to measure the volume of the reference space, 
the number of disector frames with the upper-right corner 
hitting the stromal tissue (n) was registered. The total vol-
ume of the reference space was  Vdis = n·Vdis. Vdis = area 
of the disector frame (1,482 μm

2
), multiplied by the distance 

between the two focal planes chosen for determining the 
disector volume in the tissue section (5 m). This distance 
was measured by means of a microcator (Heidenhain: Traun-
reut, Germany) connected to the Z displacement of the mi-
croscope stage.  

 As the material was embedded in paraffin, it showed sig-
nificant shrinkage. Therefore, a shrinkage factor (FrV), i.e., 
the ratio between fresh volume, calculated by water dis-
placement and the volume after paraffin embedding, meas-
ured by the Cavalieri estimator [21] (FrV = 1.21), was ob-
tained and introduced into the formula for calculation of NV. 
The formula then employed to estimate NV was:  

 NV =  Qd
-
 /  Vdis · FrV; where Qd

- 
was the number of 

nuclei eligible for counting, according to the Sterio conven-
tion [23]. 

 The total NV of endothelial cells was calculated as NV 

total = NV (PCNA negative + PCNA positive). The labeling 
index of PCNA (LIpcna) for endothelial cells was expressed 
as the ratio NV PCNA positive / NV total. The labeling index 
of caspase 3 (LIcaspase 3) for endothelial cells was ex-
pressed as the ratio NV caspase 3 positive / NV total. 

 For all practical purposes, biological microstructures 
such as capillaries, tubules and axons can be regarded as 
linear features, whose most important stereological attribute 
is their length density (LV). The LV of microvessels, i.e., 
length of microvessels per unit of volume of prostate tissue, 
was evaluated in both the CTR and CA groups. Moreover, in 
order to assure that the measurements were not biased by 
age, LV estimates were also performed in prostate areas from 
the CA group that were carcinoma-free (peri-tumoral zone: 
PTZ) and compared with those obtained for the CTR group. 
The stromal compartment was considered a reference space. 
The vascular profiles immunostained to Factor VIII, eligible 
for counting, were those sampled by the disector frame and 
fulfilling the Sterio convention. The LV of microvessels was 
calculated by the formula:  

 LV = (2 x Q
-
) / A•FrA, where Q

-
 = number of eligible 

immunopositive vascular profiles and A = stromal area 
sampled, i.e., area of disector frame (1,482 μm

2
), multiplied 

by the number of selected frames (those with the upper-right 
corner hitting the stromal tissue). In addition, the total num-
ber of frames superimposed onto the fields was also regis-
tered in order to obtain the total area (stroma plus epithe-
lium).  

 An areal shrinkage factor was introduced in the denomi-
nator of the formula for calculation of LV. This factor (FrA) 
was obtained according to the expression FrA = FrV / FrL, 

where FrL was the linear shrinkage factor, ie., the ratio be-
tween a linear element measured in the fresh tissue and a 
linear element estimated on a section from paraffin embed-
ded material, FrA = 1.18.  

 Vascular length density with respect to epithelial volume 
(LepV) was also considered. This parameter was calculated by 
the formula:  

 LepV = (2 x Q
-
) / Aep•FrA, where Q

-
 = number of im-

munopositive vascular profiles and Aep = epithelial area 
sampled, that is, equal to total area – stromal area.  

 Furthermore, the number of endothelial cells per millime-
ter of length of microvessel (NL) was calculated to total en-
dothelial nuclei: NL = NV total (endothelium) / LV microves-
sels.  

 A parameter derived from LV, average microvessel di-
ameter (AMD), was also calculated by the formula:  

 AMD = 2•10
3

   

V
V
vasc

VVstroma • •L
V

 

where VV vasc is the volume fraction occupied by the mi-
crovessels, and VV stroma, the volume fraction occupied by 
the prostate stroma. AMD was expressed in m. Both VV 
vasc and VV stroma were calculated, counting the points 
hitting either the vascular, stromal or reference area, (the 
stroma for VV vasc, and the total tissue for VV stroma), using 
the CAST-GRID program. 

 For each parameter, the mean ± SEM was calculated in 
each group. The differences between the CTR and CA 
groups and between the CTR and PTZ were analyzed using 
the Student’s t test (p < 0.05).  

 The quantitative parameters (total NV of endothelial cells, 
NV PCNA- positive endothelial cells, NV caspase 3- positive 
endothelial cells, VV vasc, and VV stroma) employed as in-
termediate estimates to obtain the final parameters (LIpcna, 
LIcaspase 3, NL of endothelial cells, and AMD) are shown in 
Table 1. Only NL, LIpcna, LIcaspase 3, LV, LepV, and AMD 
are shown and analyzed. 

RESULTS 

 Microvessels immunostained to Factor VIII were ob-
served in both the CTR and CA specimens (Fig. 1a-d). More 
capillaries were apparently seen in CA cases than in CTR 
specimens, but the amount of capillary profiles touching the 
basal membrane of the acini was less in CA than in CTR 
(Fig. 1c,d). However, a similar amount of endothelial nuclei 
immunoreactive to PCNA was detected in the two groups of 
study (Fig. 1b,c). In the CTR group, the epithelial nuclei 
immunostained to PCNA were seen preferently at the basal 
compartment of the glands (Fig. 1 a,b), whereas the epithe-
lial nuclei immunoreactive to PCNA from the CA group had 
no preferential localization in the tumoral epithelium (Fig. 
1c,d).  

 In both the CTR and CA groups, caspase 3 immunoreac-
tivity was evidenced in the cytoplasm of epithelial cells (Fig. 
2). Moreover, caspase 3 immunostaining was detected in 
some endothelial cells in both normal and cancer specimens 
(Fig. 2). 
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Table 1. Quantitative Intermediate Measurements 

 # Cases 
# Total 

Disectors 

# Stromal 

Disectors 

# Epithelial 

Disectors 

Epithelial  

Area (μm
2
) 

Stromal  

Area (μm
2
) 

VV 

Stroma 

VV  

Vasc 

NV Total  

(x10
3
) 

NV Pcna +  

(x10
3
) 

NV Caspase 3 + 

(x10
3
) 

CTR 15 120 84 36 54,000 124,500 0.70 0.024 133 28 9 

CA 15 100 67 33 49,000 99,300 0.67 0.026 73 20 7 

Measurements employed to obtain the parameters analyzed in both controls (CTR) and prostate cancer (CA) specimens. # total disectors: Average number of disectors sampled per 
case; # stromal disectors: Average number of disectors per case with the upper-right corner hitting the stromal tissue; #epithelial disectors: Average number of disectors per case with 

the upper-right corner hitting the epithelium. Epithelial area (μm2): result of multiplying the # epithelial disectors by 1,482 μm2 (area of the disector frame). Stromal area (μm2): result 

of multiplying the # stromal disectors by 1,482 μm2 (area of the disector frame). VV stroma: volume fraction occupied by the stroma related to all the prostate tissue. VV vasc: volume 
fraction occupied by the microvessels related to all the prostate tissue. NV total: total number of endothelial cells per mm3 of prostate stroma (x103). NV pcna+: number of PCNA-

positive endothelial cells per mm3 of prostate stroma (x103). NV caspase 3 +: number of caspase 3 positive endothelial cells per mm3 of prostate stroma (x103). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Double immunostaining to PCNA and Factor VIII. a) Normal prostate (CTR group): a periurethral duct is seen with epithelial nuclei 

immunoreactive to PCNA, predominantly at basal level (arrowheads). Several microvessels immunoreactive to Factor VIII (arrows) are also 

seen. Calibration bar: 25 m. b) Normal prostate. The epithelial lining of a prostatic acinus shows abundant basal nuclei immunostained to 

PCNA (black arrowheads). Abundant touching capillaries, immunoreactive to Factor VIII, are seen around the acini (empty arrows). A mi-

crovessel not in contact with the acini (black arrow) is also seen. All the microvessels show some endothelial nuclei immunoreactive to 

PCNA (empty arrowheads). Calibration bar: 20 m. c) Prostate carcinoma (CA group). A nucleus immunoreactive to PCNA (black arrow-

head) was detected in the epithelial lining of a tumor acinus. Several microvessels immunostained to Factor VIII (empty arrows) are also 

seen: only one is touching an acinus (empty arrows). Some PCNA immunostained endothelial nuclei (empty arrowheads) are observed. Cali-

bration bar: 12 m. d) Epithelial nuclei immunoreactive to PCNA (black arrowheads) were observed in an image from prostate cancer. Sev-
eral microvessels immunostained to Factor VIII, not touching the acini, are detected (black arrows). Calibration bar: 12 m.  
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Fig. (2). Double immunostaining to caspase 3 and Factor VIII. a) Normal prostate (CTR group): a prostate acinus (stars) is seen with epithe-

lial immunoreactivity to caspase 3. Several microvessels immunoreactive to Factor VIII (arrowheads) are seen surrounding the acinus. Cali-

bration bar: 50 m. b) More details from image a: Some endothelial cells show cytoplasmic immunoreactivity to caspase 3 (arrowheads). 

Calibration bar: 25 m. c) Prostate carcinoma (CA group). The tumor epithelium shows caspase 3 immunostaining (stars). Microvessels im-

munostained to Factor VIII (arrowheads) are also seen. Calibration bar: 50 m. d) More details from image b: Some endothelial cells show 

granular cytoplasmic immunoreactivity to caspase 3 (arrowheads). Calibration bar: 25 m. 

 Both PCNA and the caspase 3 labeling indices (Lipcna, 
LIcaspase 3) did not differ significantly between the CTR 
and CA groups (Table 2), whereas the numerical density of 
endothelial cells per unit of microvessel length (NL) de-
creased significantly in the CA group in comparison with the 
CTR group (Table 2). The density of microvessel length (LV) 
was significantly increased in the CA group when compared 
with the CTR group (Table 2). The density of microvessel 
length with respect to the epithelial volume (LepV) and the 
average microvessel diameter (AMD) did not differ signifi-
cantly between the CTR and CA groups (Table 2). LV did not 
show significant differences between CTR and PTZ (Fig. 3). 

DISCUSSION 

 There is a remarkable increase in the relative length of 
cancer microvessels in comparison with the prostatic capil-
laries of the CTR group, which is in agreement with the find-
ings of other authors [17] and might be related to the in-
crease of angiogenesis in both cancer and preinvasive lesions 
indicated by several others [2, 9, 12, 18, 24, 25]. There were 
no significant differences in microvessel length density bet-
ween young controls (CTR) and the carcinoma-free tissue 
from the cancer group (CA), i.e., controls of the same age as 
CA specimens, which excludes a possible age-dependent 
bias in the selection of young specimens as controls. These 



Stereological Estimates of Prostate Cancer Microvessels The Open Prostate Cancer Journal, 2009, Volume 2    51 

findings agree with those obtained by other authors [17] also 
using the peri-tumor prostate area as a control. 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). Bar diagram for LV expressed as mean ± SEM, in controls 

(CTR) and carcinoma-free area (PTZ) from CA group. No signifi-
cant differences (p < 0.05) were observed. 

 Nevertheless, it is worth noting that the LV from carci-
noma-free areas in CA specimens tends to be higher than 
microvessel length density from CTR specimens (cases wi-
thout cancer), which might be explained by the presence of 
local angiogenic factors secreted by cancer tissues and ope-
rating on the « normal » peri-tumor vessels. It is unclear how 
the microvascular bed enlarges in cancer cases more than in 
controls, without a significant increase of endothelial prolif-
eration in the former. Several other authors also state the 
absence of relationship between endothelial proliferation and 
increase of microvessel density in both breast and prostate 
cancers [19, 26, 27]. A potential decrease of the apoptotic 
activity for the endothelium of prostate cancer might explain 
the increase of microvessel length without endothelial prolif-
eration. It is known that the apoptosis of a relatively small 
proportion of endothelial cells is sufficient to mediate a sig-
nificant decrease in microvessel density [28]. The resistance 
to apoptosis in cancer has been documented by several 
authors, who found decreased levels of the apoptotic-related 
enzymes, caspases 1 and 3, in tumor epithelium [5]. How-

ever, in the present study, the endothelial apoptosis evaluated 
by quantification of the labeling index of endothelial cells 
caspase 3- immunoreactive was not diminished in the CA 
group in comparison with controls. Moreover, the decrease 
in the numerical density of the endothelial population in can-
cer does not support an increase of the survival of these cells. 
Thus, a “dilution” effect for the population of the endothelial 
cells, possibly due to the increase of microvessel length 
without endothelial proliferation, was proposed. The elonga-
tion of the cancer microvessels might be explained by the 
migration of endothelial cells [29] and the remodeling of the 
components of the capillary basal membrane [30]. Further-
more, the decrease in the amount of endothelial cells per unit 
of microvessel length, together with the increase of mi-
crovessel elongation, might render openings between endo-
thelial cells, creating leaky vessels in cancer angiogenesis, as 
suggested by others [31, 32]. 

 The stereological estimate of microvessel density as the 
length of microvessels per unit of volume of the reference 
space seems more accurate and unbiased than the generic 
term of microvessel density (MVD), usually employed in 
most of the studies revised [13, 14, 33]. There are two main 
reasons to prefer LV to MVD to quantify the size of the mi-
crovascular bed:  

 The first is that when MVD is employed, it is usual to 
identify MVD as the number of vessels per unit area. How-
ever, this is misleading, as it is not possible to count vessels 
in sections that are bidimensional planes (2D). Vessels are 
linear or tubular structures lying in a three dimensional space 
(3D). Actually, MVD estimates vessel profiles (i.e. sections 
of vessels), not whole vessels. In addition, when two close-
lying vessel sections are counted, the most probable result is 
that two sections from the same vessel, but not two different 
vessels, are registered. On the other hand, the number of 
profiles registered in a 2D plane of a linear feature that 
“lives” in a 3D space is, in fact, an estimate of the length of 
the linear structure, given by the expression: 2 · (number of 
profiles counted) / area of the section. This is actually the 
length density (LV) of the linear structure [17]. The authors 
using MVD to estimate “number of vessels per unit of area” 
are underestimating the length density, because LV is equal 
to 2 · MVD.  

Table 2. Comparison between the Quantitative Parameters Analyzed 

 CTR CA p Significance 

LI pcna 0.22 ± 0.02 0.28 ± 0.04 0.256 NS 

LI caspase 3 0.066 ± 0.014 0.093 ± 0.022 0.343 NS 

NL (x10
3
) 0.52 ± 0.09 0.30 ± 0.05 0.046 S 

LV (mm
-2

) 103 ± 15 290 ± 61 0.0001 S 

LV ep (mm
-2

) 26 ± 13 68 ± 20 0.097 NS 

AMD (μm) 18 ± 2 14 ± 2 0.210 NS 

All the quantitative parameters analyzed in both control (CTR) and prostate cancer (CA) specimens are expressed as mean ± SEM. LI pcna: PCNA labeling index for endothelial 
cells. LI caspase 3: Caspase 3 labeling index for endothelial cells. NL: Number of endothelial cells x103 per mm of microvessel length. LV : length of microvessel per unit of volume 
of prostate stroma expressed in mm of microvessel per mm3 of stroma (mm-2). LV ep: LV : length of microvessel per unit of volume of prostate epithelium expressed in mm of mi-

crovessel per mm3 of epithelium (mm-2). AMD: Average mean diameter of microvessel expressed in μm. P: significance level for the comparison between CTR and CA groups by 
the Student’s t test (p <0.05). NS: not significant. S: significant. 
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 The second reason for preferring LV is because, in MVD 
measurements, a systematic error of either plus-sampling or 
minus-sampling is introduced, as the “edge effect” of the 
reference frame (i.e. the microscopic field) is not taken into 
account. It would be erroneous to count or include all the 
profiles which intersect the reference frame. It would be 
equally erroneous to exclude all the boundary cases and 
count only those profiles lying entirely inside the frame. 
Plus-sampling overcounts the number of profiles per unit 
area, and introduces a sampling bias: larger profiles are more 
likely to be hit by the reference frame. Minus-sampling, on 
the other hand, undercounts the number of profiles per unit 
area, and introduces a sampling bias in favor of the smaller 
profiles [34].  

 In general, there are two remedies for sampling bias: we 
may either change the sampling rule to eliminate the bias, or 
we may correct the bias by reweighing the sampled items. In 
this study, the Sterio sampling rule was chosen [23], i.e., the 
disector, which is a reference frame with two inclusion bor-
ders and two exclusion borders. A profile is included in the 
count if: a) it is inside of the frame and does not touch any 
border or b) it is inside or outside of the frame but touches 
any of the inclusion borders and not any of the exclusion 
borders.  

 Another source of bias in MVD counts (as implemented 
in the majority of the studies analyzed) is the so-called “hot-
spot” sampling: selecting areas with an apparent (qualitative) 
greater density of profiles for counting. Some authors ex-
press a concern about this biased sampling. For example, 
Lissbrant et al., 1997 [35] state that “another concern has 
been the microvessel-counting technique. Therefore, we 
wanted to determine if counting hotspots promotes a bias, 
since this requires subjective selection of the most vascular-
ized area. Possibly, it would be more accurate to use stan-
dard stereological techniques to measure the mean intratu-
moral volume density of microvessels in randomly chosen 
fields in each section”. Why, then, in a number of studies 
[15, 16, 35, 36], was MVD relevant in order to quantitate 
angiogenesis? A possible explanation might be because the 
under-estimation of the vascular density resulting from the 
omission of factor x2 in the formula was balanced by the 
over-estimation resulting from the “hotspot” sampling.  

 In our study, the fields for estimation of LV were sampled 
by a systematic random sampling method: systematic sam-
pling with a starting position which is random and uniformly 
distributed in the range of the object [34]. This method as-
sures all of the fields scanned the same chance of being in-
cluded in the measurements and is more efficient than the 
classic methods of uniform random sampling. 

 Although some authors indicate that the capillaries in 
prostate cancer have a wider lumen than in normal tissue 
[10], in the present study, no significant changes were ob-
served in the average microvessel diameter in either group. 
Some authors have found that the highest proportion of mi-
crovessels near to the epithelium (touching capillaries) is 
seen in normal prostate, while the lowest is found in invasive 
adenocarcinoma [10]. This finding was also detected in the 
present study and could signify a poorer oxygen supply for 
cancer tissue than for normal prostate epithelium. However, 
the length density of capillaries per epithelial volume was 
found similar for both cancer and normal specimens, in ac-

cordance with the rarity of tumor necrosis in prostate cancer, 
only observed in cancers with a primary Gleason pattern of 5 
[37]. This similitude of vessel-epithelium correlation be-
tween normal prostate and cancer might suggest that the an-
giogenetic activity in prostate cancer is low in comparison 
with other types of tumors, which could contribute to the 
mild aggressiveness accounted for in most prostate cancers 
[38] stated in other studies [36]. Although microvessel den-
sity was not an independent prognostic predictor, according 
to the studies of some authors [39], it is reasonable to expect 
that cancers with more microvessel density show a more 
aggressive tumor phenotype. 

CONCLUSION 

 Summarizing, we conclude that: a) The increase of angi-
ogenetic activity in prostate carcinogenesis leads to an in-
crement of microvascular length; b) The amount of endothe-
lial cells per vascular length decreases in prostate cancer; c) 
There is no decrease of endothelial apoptosis in cancer mi-
crovessels; d) The increase of the length density of mi-
crovessels in prostate cancer is not directly associated with 
an enhancement of endothelial proliferation; and e) The 
blood supply of the epithelium was similar in both the can-
cerous and normal prostate. 
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