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Abstract 
Prostate adenocarcinoma (PA) is by incidence and prognosis a unique model for investigating the biomolecular mechanisms involved in 
tumor progression. In this study, we analyzed the immunoexpression of androgen receptor (AR), cluster of differentiation 105 (CD105) and 
Ki67 for 61 cases of PA, in relation to the main clinicopathological parameters of the lesions. The AR scores, CD105 microvessel density 
(MVD) and Ki67 proliferation index (PI) were significantly higher in patients with serum prostate-specific antigen (PSA) above 20 ng/mL, in 
ductal, colloid and sarcomatoid types of PA, in growth patterns 4–5 or mixed, respectively in the case of high-grade advanced stage tumors, 
with perineural and vascular invasion, as well as in groups with a reserved prognosis. The results obtained, reflected in the positive linear 
correlation of AR, CD105 and Ki67 expression, indicate synchronous endocrine, angiogenic and proliferative mechanisms involved in tumor 
progression, which can be used to optimize the targeted tumor therapy. 
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 Introduction 
Prostate adenocarcinoma (PA) ranks second among 

malignant neoplasms worldwide, most cases being 
diagnosed after 70 years age [1–3]. The mortality rate  
of PA is relatively low compared to other malignancies, 
and the access to screening programs increases the ability 
to diagnose the lesions in early stages and thus the life 
expectancy of patients [2–4]. 

However, the rate of PA-associated morbidity greatly 
influences patients’ quality of life and the biological 
behavior of tumors is relatively difficult to be assessed, 
given that aggressive, metastatic, and hormone-independent 
PAs place these lesions on the fifth place as the cause of 
death in men [2, 3, 5, 6]. In this context, the study of the 
biomolecular mechanisms involved in the initiation and 
progression of PA is a permanent concern. 

The hormone dependence of PA, the incidence and 
prognosis of lesions designate these tumors as a unique 
model for carcinogenesis investigation. In addition to the 
central role of androgens in the development of PA, the 
involvement of androgen receptors (ARs) in the growth, 
invasion and metastasis of the tumors was the subject of 
many studies, with heterogeneous results mainly due to 
the different investigation methods [6]. 

At the same time, there are relatively few recent studies 
that have addressed to AR expression in endothelial cells 
and the involvement of these receptors in prostate tumor 
angiogenesis, with results that suggest the dependence 
of mechanisms and that support and enhances the tumor 
cell proliferation [7, 8]. Although angiogenesis is a 

mechanism that is shown to be involved in tumor 
development and survival, the results obtained in the prostate 
are controversial in relation to the clinicopathological 
parameters of the lesions, especially due to a complex 
architecture of neoformation vessels and different designs 
of investigation used to quantify the microvessel density 
(MVD) and expression of proangiogenic factors [9–12]. 
The identification of relation between hormonal status and 
prostate tumor angiogenesis can open new perspectives 
on targeted antiproliferative therapy and can contribute to 
improving the prognosis of patients, especially in lesions 
with aggressive biological behavior. 

Aim 

In this study, we analyzed the immunoexpression of 
AR, cluster of differentiation 105 (CD105) and Ki67 in 
relation to the clinicopathological aggressivity parameters 
for the PAs in order to establish the role of AR in the 
progression of lesions. 

 Materials and Methods 
The study included 61 PAs from patients investigated, 

operated and diagnosed in the Clinic of Urology and 
Department of Pathology, Emergency County Hospital 
of Craiova, Romania, during 2016–2020. The biological 
material was represented by radical total prostatectomy 
specimens, fixed in 10% neutral buffered formalin, processed 
by classical paraffin embedding and Hematoxylin–Eosin 
(HE) staining. 

The histopathological (HP) assessment of the PA was 
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done according to the criteria developed by the Working 
Group for Tumors of the Urinary System and Male Genital 
Organs within World Health Organization (WHO) [13]. 

The study analyzed the clinicopathological aggressivity 
parameters of PA represented by age, serum prostate-
specific antigen (PSA) values, histological type, growth 

pattern, Gleason score, simplified grading groups, vascular 
and perineural invasion, tumor stage, prognostic groups 
in relation with the immunoexpression of AR and specific 
markers for vascular (CD105) and cellular (Ki67) tumor 
proliferation, which are shown in Table 1. 

Table 1 – Monoclonal antibodies used and immunostaining protocol 

Antibody Clone/Manufacturer Dilution Pretreatment External positive control 

AR AR441/Dako (mouse antihuman) 1:50 Microwaving in Tris-EDTA buffer, pH 9 Normal prostate 
CD105 

(endoglin) 
EP274/Abcam (rabbit antihuman) 1:100 Microwaving in Tris-EDTA buffer, pH 9 Kidney 

Ki67 MIB-1/Dako (mouse antihuman) 1:70 Microwaving in citrate buffer, pH 6 Tonsil 

AR: Androgen receptor; CD105: Cluster of differentiation 105; EDTA: Ethylenediaminetetraacetic acid. 
 

The immunohistochemical (IHC) technique included 
dewaxing in xylene, rehydrating in alcohols, endogenous 
enzyme blocking with hydrogen peroxide, and unspecific 
blocking with bovine serum albumin (BSA) and incubation 
with primary antibodies at 4°C, overnight. The working 
system was represented by EnVision™ FLEX System 
(code K8002, Dako). To visualize the reactions, we used 
3,3’-Diaminobenzidine (DAB) tetrahydrochloride (as 
chromogen from the same IHC working kit). To validate 
the IHC reactions were used external positive controls, 
external negative controls, and internal positive controls. 

The semiquantitative assessment of the immuno-
reactions was performed according to literature data based 
on the investigated antibody. For the AR, the Allred score 
was used, which resulted by adding the score resulting 
from the determination of the percentage of positive cells 
(0: no staining, 1: <1%, 2: 1–10%, 3: 11–33%, 4: 34–66%, 
5: >66%) and the score resulting from determining the 
intensity of the reaction (0: no staining, 1: weak, 2: 
moderate, 3: strong); Allred final scores between 0–2 were 
considered negative, and those between 3–8 positive [14]. 
The CD105-positive neoformation vessels were quantified 
by establishing the MVD, which consisted of setting at 40× 
microscopic objective the five most intensely vascularized 
tumor areas (“hot spots”), counting the vessels marked at 
20× objective and establishing for each case of the mean 
value for the used microscopic fields [15]. The counting 
of the vessels was performed individually by two authors, 
being considered for counting only the vessels with 
completely visible clear contour, including unicellular 
reactions. The Ki67 proliferation index (PI) was expressed 
as a percentage by the ratio of the number of positive cells 
to the total number of cells 20× microscope objective, 
for each case being counted five fields with maximum 
stainings and then averaging for each case. 

The inclusion criterion of cases in the study was 
represented by the diagnosis of PA, confirmed on biopsy, 
on tumor transurethral resection of the prostate (TURP) 
fragments or directly on prostatectomy specimens. Only 
primitive PAs were included in this study, without history 
of oncological treatments and no history of cancer with 
other locations. 

For the statistical analysis, we used the comparison 
tests represented by Student’s t-test and one-way Analysis 
of Variance (ANOVA), χ2 (chi-squared) and Pearson’s 
comparison tests within Statistical Package for the Social 
Sciences (SPSS) 10 software, the results being considered 
significant for values of p<0.05. 

For the images acquisition, the Nikon Eclipse E600 
microscope equipped with Lucia 5 software was used. 

The local Ethics Committee approved the study, which 
was done with the informed consent of the patients. 

 Results 
In this study, the analysis of clinicopathological data 

indicated the predominance of patients over 70 years old 
(62.3%), who presented more frequently serum PSA values 
over 20 ng/mL (80.3%). The most common histological 
types of PA were conventional (78.7%), followed by 
ductal (6.5%) and foamy cells (4.9%). Regardless of the 
histological type, areas of the conventional adenocarcinoma 
were present, which were used to grade the lesions. Pure 
tumor growth patterns were present in 33 (54.1%) cases 
and mixed patterns in 28 (45.9%) cases. The most common 
Gleason score observed was score 8 (37.7%), followed 
by score 6 (19.7%), score 9 (18%), and scores 7 and 10 
(14.8% and 9.8%, respectively), while depending on the 
simplified grading groups were group 4 (37.7%), group 5 
(27.9%), group 1 (19.7) and groups 2 and 3 (9.8% and 
4.9%, respectively). The perineural invasion was present 
in most patients (50.8%), being more common compared 
to vascular invasion (41%). In this study, the category 
of tumor extension (pT) coincided with the tumor stage, 
the most common being the lesions in pT2/stage II 
(44.2%) (Table 2). At the same time, most patients were 
classified in prognostic group 2b (49.2%) and group 3 
(40.1%). 

AR immunoexpression was identified in all cases 
analyzed in the nucleus of luminal cells of tumor glands, 
the signal being present in non-tumor glands but also in 
stromal elements represented mainly by fibroblasts, but 
also in rare lymphocytes and macrophages. For the whole 
analyzed group, the average number of marked tumor 
cells was 64.4±14.5, the intensity of the reactions being 
mainly moderate/strong and an average value of the Allred 
score of 6.7. 

In this study, we found significant differences in AR 
immunoexpression in relation to the analyzed clinico-
pathological parameters. Thus, age over 70 years was 
associated with Allred maximum scores (p=0.02, chi-
squared test), PSA values >20 ng/mL were associated 
with Allred scores of 7 and 8 (p<0.001, chi-squared test) 
and ductal, colloid, and sarcomatoid tumor types were 
associated with Allred scores 6–8 (p<0.001, chi-squared 
test). At the same time, the pure growth patterns 5 and 4 
and mixed patterns revealed average Allred scores of 8, 
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7 and 6.9, compared to pattern 3, which presented an 
average value of 5.2 (p<0.001, chi-squared test). This 
aspect was also reflected on the classical tumor grading, 
in which Gleason scores 8–10 were associated only with 
Allred scores 6–8 (p<0.001, chi-squared test) (Table 3). 

In relation to the simplified tumor grading, for group 1, 
the number of marked tumor cells was 49.1±19.4, the 
intensity of the reaction was low/moderate, and the average 
score was 5.2, while for groups 2 and 3, the number of 
marked cells was 56.6±10.3 and 60, respectively, moderate 
predominant reaction intensity and mean staining score 
of 6.3 in both cases (Figure 1, A and B). 

In comparison, for groups 4 and 5, the number of 
labeled cells was 66.5±10.3 and 75.5±6.4, respectively, 
the intensity of reactions predominantly strong, and the 
average final scores with values of 6.9 and 7.7, respectively 
(Figure 1, C and D), differences that were statistically 
significant (p<0.001, chi-squared test) (Figure 2A). In 
relation to the tumor stage, for the tumors in stage I, the 
average value of the number of AR-positive tumor cells 
was 47.7±20, the reactions intensity was weak/moderate 
and the average score 5, while for those in stage II and 
III, the mean values for positive cells were 61.8±11.4 and 
73.2±7.8, respectively, with moderate/strong reaction 
intensity and mean scores of 6.7 and 7.4, respectively, 

differences that were statistically significant (p<0.001, 
chi-squared test) (Figure 2B). 

Table 2 – Distribution of cases depending on clinico-
pathological parameters 

Clinicopathological 
parameters 

No. of cases 

Age [years] <70: 23, >70: 38 

Serum PSA [ng/mL] ≤10: 7, 11–19: 5, 20-50: 36, >50: 13 

Histological type 
conventional: 48, ductal: 4, foamy 
cells: 3, colloid: 2, atrophic: 2, pseudo-
hyperplastic: 1, sarcomatoid: 1 

Growth pattern  
(pure and mixed) 

pure – pattern 3: 12, pattern 4: 15, 
pattern 5: 6 
mixed – pattern 3: 17, pattern 4: 20, 
pattern 5: 19 

Gleason score 
score 6: 12, score 7: 9, score 8: 23, 
score 9: 11, score 10: 6 

Grade simplified  
groups 

group 1: 12, group 2: 6, group 3: 3, 
group 4: 23, group 5: 17 

Perineural invasion present: 31, absent: 30 

Vascular invasion present: 12, absent: 49 
Tumoral extension  
(pT)/Tumor stage 

pT1/stage I: 9, pT22/stage II: 27, 
pT3/stage III: 25 

Prognostic groups 
group 1: 3, group 2a: 3, group 2b: 30, 
group 3: 25 

PSA: Prostate-specific antigen. 

Table 3 – Average values of the semiquantitative assessment for the analyzed markers depending on clinicopathological 
parameters 

Clinicopathological parameters AR (Allred score) CD105 (endoglin) (MVD) Ki67 (PI) 

Age [years] 
<70 6.6 33.2±14.8 25.3±18.1 

>70 6.7 35.5±11.3 20.8±12 

Serum PSA [ng/mL] 

≤10 6.4 29.2±12.3 14.5±5 

11–19 5 19±13.4 10.6±9.3 

20–50 6.7 35±12 20.4±11.3 

>50 7.4 42.6±7.5 37.3±17.7 

Histological type 

conventional 6.8 35.2±12.1 22.5±14.2 

ductal 7.5 42.5±8.6 30±9.1 

foamy cells 5.6 33.3±7.6 14.3±4 

colloid 7.5 37.5 39 

atrophic 3.5 10 4 

pseudohyperplastic 4 10 5 

sarcomatoid 8 50 40 

Growth pattern  
(pure and mixed) 

pattern 3 5.2 17±6.8 8.2±2.8 

pattern 4 7 36.3±7.8 18.4±3.3 

pattern 5 8 50.8±3.7 50±12.6 

mixed 6.9 37.8±9.8 24.9±12.8 

Gleason score 

score 6 5.2 17±6.8 8.2±2.8 

score 7 6.3 27.7±7.9 12.8±2.1 

score 8 6.9 36.9±6.6 18.6±3.2 

score 9 7.6 45.9±6.2 39±7.6 

score 10 8 50.8±3.7 50±12.6 

Grade simplified  
groups 

group 1 5.2 17±6.8 8.2±2.8 

group 2 6.3 27.5±7.5 12.3±2.2 

group 3 6.3 28.3±10.4 14±1.7 

group 4 6.9 36.9±6.6 18.6±3.2 

group 5 7.7 47.6±5.8 42.9±10.7 

Perineural invasion 
present 7.2 39.3±11.9 30.5±16 

absent 6.2 29.8±11.9 14.2±6.3 

Vascular invasion 
present 7.9 47.5±6.5 42±12.5 

absent 6.4 31.5±11.8 17.7±10.6 
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Clinicopathological parameters AR (Allred score) CD105 (endoglin) (MVD) Ki67 (PI) 

Tumoral extension 
(pT)/Tumor stage 

pT1/stage I 5 15.5±6.3 7.6±3 

pT2/stage II 6.7 34.2±10.8 19.1±10.1 

pT3/stage III 7.4 42±8.2 31.5±15.5 

Prognostic groups 

group 1 5.6 16.6±2.3 9.6±2.5 

group 2 3.6 10 4.3±1.1 

group 3 6.6 32.8±11.4 18.1±10.1 

group 4 7.4 42±8.2 32±15.7 

AR: Androgen receptor; CD105: Cluster of differentiation 105; MVD: Microvessel density; PI: Proliferation index; PSA: Prostate-specific antigen. 
 

 
Figure 1 – Prostate adenocarcinoma: (A) Gleason grade 6 (group 1); (B) Gleason grade 7 (group 3); (C) Gleason grade 8 
(group 4); (D) Gleason grade 9 (group 5). Anti-AR antibody immunostaining: (A–D) ×200. AR: Androgen receptor. 

 
Figure 2 – (A) Distribution of cases depending on AR Allred scores and simplified tumor grades; (B) Distribution of 
cases depending on AR Allred scores and tumor stages. AR: Androgen receptor. 
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The Allred mean values were significantly higher for 
tumors with perineural invasion (p=0.006, chi-squared test) 
and vascular invasion (p<0.001, chi-squared test), while 
prognostic groups 2b/3 were more frequently associated 
with Allred scores 6–8 (p<0.001, chi-squared test). 

The analysis of CD105 (endoglin) immunoexpression 
was identified in all cases in the cytoplasm of endothelial 
cells of tumor neovessels. The vascular network of PA 
has been complex and relatively difficult to assess with 
numerous branches and vascular anastomoses around 
tumor islands. The tumor neoformation vessels presented 
variable sizes and shapes, with aberrant morphology and 
predominance of small, irregular, tortuous, and sometimes 
single cellular vessels. 

Depending on the clinicopathological parameters 
analyzed, the MVD of CD105-positive vessels was superior 
in patients over 70 years of age (p=0.504, Student’s t-test), 
with PSA >20 ng/mL (p=0.002, ANOVA test) and in 
the case of ductal, colloid and sarcomatoid tumor types 
(p=0.017, ANOVA test). In this study, the maximum 
values of CD105 MVD were present for pure growth 
patterns 4 and 5 and mixed patterns (p<0.001, ANOVA 
test), the highest MVD values being associated with Gleason 
scores 8–10 (p<0.001, ANOVA test). Regarding simplified 
tumor grading, there were differences in MVD (Table 3). 
Thus, for group 1, the mean value of CD105 MVD was 
significantly lower (17±6.8) (Figure 3A) compared to the 
mean value of groups 2–3 (27.7±7.3) (Figure 3B) and 

groups 4–5 (41.5±8.2) (p<0.001, ANOVA test) (Figure 3, 
C and D; Figure 4A). 

At the same time in relation to the tumor stage, the 
mean value of CD105 MVD for stage I lesions (15.5±6.3) 
was significantly lower than those for stage II–III (37.9 
±10.3) (p<0.001, ANOVA test) (Figure 4B). 

CD105 MVD values were significantly higher in the 
case of PA with perineural invasion (p<0.001, ANOVA 
test), vascular invasion (p<0.001, ANOVA test) and for 
lesions in prognostic groups 2b/3 (p<0.001, ANOVA test). 

Ki67 immunoexpression was identified in all cases 
analyzed in the nucleus of tumor cells and in rare stromal 
lymphocytes. The Ki67 PI was higher in patients less than 
70 years old (p=0.256, Student’s t-test), with PSA values 
>20 ng/mL (p<0.001, ANOVA test) and was higher in 
case of ductal, colloid and sarcomatoid histological types 
(p=0.095, ANOVA test). Ki67 PI presented maximum 
values in the case of growth pattern 5 (p<0.001, ANOVA 
test) and Gleason scores 9–10 (p<0.001, ANOVA test) 
(Table 3). Depending on the simplified tumor grading, the 
mean Ki67 PI values increased from groups 1–4 (8.2±2.8, 
12.3±2.2, 14±1.7 and 18.6±3.2, respectively) to group 5 
(42.9±10.7) (Figure 5, A–D), the aspect being statistically 
significant (p<0.001, ANOVA test) (Figure 6A). 

Depending on the tumor stage, the mean Ki67 PI values 
were significantly lower in stage I (7.6±3) compared to 
stage II (19.1±10.1) and stage III (31.5±15.5) (p<0.001, 
ANOVA test) (Figure 6B). 

 
Figure 3 – Prostate adenocarcinoma: (A) Gleason grade 6 (group 1); (B) Gleason grade 7 (group 3); (C) Gleason grade 8 
(group 4); (D) Gleason grade 9 (group 5). Anti-CD105 antibody immunostaining: (A–D) ×200. CD105: Cluster of 
differentiation 105. 
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Figure 4 – (A) Distribution of cases depending on CD105 MVD average values and simplified tumor grades;  
(B) Distribution of cases depending on CD105 MVD average values and tumor stages. CD105: Cluster of differentiation 
105; MVD: Microvessel density. 

 
Figure 5 – Prostate adenocarcinoma: (A) Gleason grade 6 (group 1); (B) Gleason grade 7 (group 3); (C) Gleason grade 8 
(group 4); (D) Gleason grade 9 (group 5). Anti-Ki67 antibody immunostaining: (A–D) ×200. 

 
Figure 6 – (A) Distribution of cases depending on Ki67 PI average values and simplified tumor grades; (B) Distribution 
of cases depending on Ki67 PI average values and tumor stages. PI: Proliferation index. 
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Ki67 PI values were significantly higher in PA with 
perineural invasion (p<0.001, ANOVA test), vascular 
invasion (p<0.001, ANOVA test) and for lesions in 
prognostic groups 2b/3 (p<0.001, ANOVA test). 

The analysis of the mean percentage values of the 
AR scores, the mean values of CD105 MVD and Ki67 PI 
values indicated a positive linear correlation of the three 
analyzed markers (p<0.001, Pearson’s test) (Figure 7). 

 
Figure 7 – Distribution of the average values for AR (%), CD105 (MVD) and Ki67 (PI). AR: Androgen receptor; CD105: 
Cluster of differentiation 105; MVD: Microvessel density; PI: Proliferation index. 

 

 Discussions 
Androgens are essential for normal prostate morpho-

functional development and play a central role in the 
development of PA [6, 7, 16]. Androgen signaling 
requires the AR, which activates gene transcription after 
phosphorylation and translocation at the nuclear level 
[8]. In this way, AR is considered a ligand-dependent 
transcriptional activator that regulates the activity of genes 
involved in proliferation, migration, differentiation, cell 
cycle and apoptosis [2, 9]. Thus, castration of men with 
high blood pressure or administration of luteinizing 
hormone antagonists (androgen deprivation therapy) was 
one of the first treatment options, which had the effects 
of temporarily stopping for tumor progression [2, 6]. 
However, the evolution towards hormone-resistant PA 
seems inevitable through mechanisms, such as AR over-
expression, AR mutations, independent AR activation, 
and additional or second line antihormonal therapies are 
required [6, 17, 18]. Thus, androgen deprivation therapy 
finally seems to increase AR activity, especially in 
conditions where the existence of independent AR stem 
or progenitor cells are suspected in the prostate [17]. In 
this context, there are some studies that have indicated the 
association of increased AR expression with imaging or 
histological aggression markers, such as Gleason score 
or tumor stage [19]. 

In our study, AR immunoexpression was identified 
in all cases and high Allred scores were statistically 
associated with age over 70 years, PSA over 20 ng/mL, 
high grade, advanced stage, perineural and vascular 
invasion, and reserved prognostic groups. The data from 
the literature on AR expression are variable due to the 
size and homogeneity of the study groups, the types of 
surgical specimens analyzed, the quantification methods, 
the histological parameters considered and the compartment 
in which the evaluation is performed [6]. 

There are studies that have analyzed AR in the stroma 
and that have come to suggest that decreased expression 
in this compartment is associated with histological 
parameters of aggression and a poor prognosis for  
PA [2, 6]. In our study, most of the lesions were of 

intermediate/high grade and in stages II/III, and the 
stromal staining was poorly represented, located especially 
in fibroblasts, lymphocytes and macrophages, aspects 
that are consistent with the data in the literature. 

Angiogenesis is a complex multistage process involved 
in the progression and survival of many solid malignancies, 
among the inducers of the prostate process being in 
addition to vascular endothelial growth factor (VEGF), 
the fibroblast growth factor-2 (FGF2) receptor expressed 
especially in independent androgen PA, transforming 
growth factor-beta (TGFβ), as well as the TGFβRI receptor 
and matrix metalloproteinases (MMPs) [9]. The usefulness 
of quantifying neoformation vessels in PA is controversial 
due to the variable results obtained depending especially 
on the quantification methods, the antibody used, the 
homogeneity of the group, the cut-off reference values 
that can guide the tumor progression [11]. At the same 
time, MVD is also dependent on the type of surgical 
specimen and the primary HP processing, as there are no 
standard methods that offer a high reproducibility, with 
all the attempts to introduce automatic quantification 
methods [12, 20]. Besides all these aspects, the prostatic 
vascular geometry is a complex one, sometimes difficult 
to appreciate [9, 21]. 

In this study, MVD values were associated with high 
PSA levels, high grade, advanced stage, perineural and 
vascular invasion, and reserved prognostic groups. Some 
studies have indicated that MVD is higher in prostate 
cancer compared to normal tissue or benign lesions and 
correlates with histological prognostic parameters of  
PA [9, 10]. Thus, high MVD values were observed in 
metastatic primary tumors compared to localized disease, 
in the case of high Gleason scores, in advanced stages 
[9, 15, 20, 22–25]. On the contrary, there are studies that 
have not identified such statistical relations [9, 26, 27]. 

Endoglin (CD105) is a TGFβ receptor and is considered 
a specific and sensitive marker for the quantification of 
neoformed vessels [10]. CD105 is involved in normal 
vascular development and is expressed in proliferative 
endothelial cells and during tumor angiogenesis, with 
superior results on MVD quantification compared to other 
panendothelial markers, such as CD31 or CD34 [10, 15, 
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20, 28, 29]. However, there are also studies indicating 
the absence of CD105 expression correlations with PA 
parameters [30]. 

The involvement of AR in tumor angiogenesis is 
unclear, but there are data indicating that it promotes 
endothelial proliferation through an AR/VEGF-A/cyclin A-
mediated mechanism [2, 31]. In our study, the relation 
of AR to CD105 was linearly positive, suggesting the 
synergistic or sequential involvement of hormonal and 
angiogenic mechanisms in the progression of PA. 

Prostate functional endothelial cells appear to have 
an AR, being susceptible to androgenic action, with the 
participation of VEGF in a paracrine mechanism of 
endothelial stimulation by tumor cells, the induction of 
proangiogenic factor being mediated by AR transcription 
factor binding [7, 32]. On the other hand, one of the 
genes regulated by the AR transcription factor is VEGF, 
a proangiogenic mitogen secreted by tumor cells [32]. In 
a recent study, Jia et al. indicated a positive correlation 
between AR expression and MVD in human tissues 
with neurofibroma and suggested that AR enhances 
VEGF-A transcription by direct interaction with the 
VEGF-A promoter in these tumors [33]. At the same 
time, the AR relation with VEGF is supported by the 
autocrine sequence hypoxia-inducible factor-1 (HIF-1)/ 
cyclooxygenase-2 (COX2) [9]. 

For the analysis of tumor proliferation, in this study 
was used Ki67, cell cycle regulatory protein and one of 
the most used markers for establishing the biological 
behavior of PA and patient prognosis, used for all types 
of prostate specimens, and which has independent 
associations with the clinicobiological tumoral parameters 
[34]. 

The results indicated a significant association of high 
Ki67 PI with PSA values above 20 ng/mL, with high grade, 
advanced stages, perineural and vascular invasion and 
reserved prognostic groups of PA. In most studies in the 
literature, Ki67 immunoexpression has been associated 
with tumor grade and/or tumor stage, some of these 
studies being performed on large groups of over 500 
prostatectomies [3, 5, 34–36]. Also, some authors have 
indicated the association of Ki67 with positive resection 
margins [35], with non-recurrent survival and overall 
survival [34] or with tumor size [5]. Due to the simplicity 
of quantification and low intra- and interobserver 
variations regardless of the histological specimen used, 
it is proposed to use Ki67 as a routine prognostic marker 
for PA in current clinical practice [5, 34, 37]. 

In our study there were differences in the expression 
of the markers used in relation to some histological forms 
of PA. Although there are rare studies, some authors 
indicate the association of high AR levels with increased 
Ki67 PI [19], aspect observed also in our study. At the 
same time, Ki67 revealed a positive linear correlation 
with CD105 MVD, suggesting that high values of these 
markers may be associated for predicting PA behavior. 

 Conclusions 
High values of AR, Ki67 and CD105 immunoexpression 

were associated with clinicopathological parameters that 
define aggressive, high-grade PA classified in advanced 
stages. The positive linear relations of AR with markers 
associated with vascular and cell proliferation suggests 

the synergistic or sequential involvement of endocrine 
and angiogenic mechanisms in prostate tumor progression. 
The results obtained can be used to improve the 
stratification criteria of patients for prostate antineoplastic 
therapy. 
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