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Angiogenic systemic response to the hypoxic
microenvironment in prostate tumorigenesis: A pilot study
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Abstract. The present paper aimed to investigate the altered
angiogenetic mechanisms in hypoxic conditions in patients
with prostate tumours, in correlation with common clinico-
pathologic variables. A case-control study was developed and
included 87 patients with prostate tumours [40 diagnosed
with benign prostatic hyperplasia (BPH) and 47 diagnosed
with prostate cancer (PCa), using prostate transrectal biopsy]
and 40 healthy subjects. The following parameters were
evaluated in the serum of volunteers: Hypoxia-inducible
factor (HIF)-1a., fibroblast growth factor (FGF)-2, vascular
endothelial growth factor (VEGF), matrix metalloproteinase
(MMP)-2 and -9, thrombospondin (TSP)-1 and soluble
VEGF-1 receptor. Experimental data analysis demonstrated
increasing amounts of inflammation in patients with PCa
(IL-6, 18.1+4.7 ng/ml) and BPH (IL-6, 16.3+5.1 ng/ml) vs.
control (IL-6, 4.1£1.2 ng/ml); overregulation of HIFla in
patients with PCa (129.3+21.8 ng/ml) compared with patients
with BPH (65.6+18.2 ng/ml) and control (61.3+12.7 ng/ml);
angiogenesis abnormalities in patients with PCa (upregulation
of FGF-2, VEGF, MMP-2 and -9, suppression of TSP-1 and
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soluble VEGR-1) and BPH (upregulation FGF-2 and VEGF)
compared with the control group. In conclusion, a greater
understanding of the biological mechanism, the pathological
roles and the clinical significance of various proangiogenic
parameters and angiogenic-suppressor proteins seem useful in
clinical practice for establishing an early diagnosis of prostate
pathology and finding an individualized therapeutic approach.

Introduction

Over the past decade, the immune microenvironment has been
considered a possible element of pathogenicity, especially in
solid tumors (1,2). Previous studies have demonstrated that
the immune microenvironment in solid malignancies plays an
important role in uncontrolled cell proliferation, resistance to
apoptosis, stimulation of angiogenesis, suppression of biolog-
ical host defence mechanisms, metastasis and exacerbation of
invasion due to inflammation (1-3), tumour immune surveil-
lance, immunological evasion, cancer therapeutic efficacy and
immune checkpoint targeting drug aiming at individualized
therapy (4,5). The clinical and experimental results obtained
so far suggest that tumour biology is influenced by the bidi-
rectional relationship between genetic/epigenetic changes of
tumour cells and the permanent reorganization of the immune
microenvironment in solid malignancies (5-7). In solid types
of cancer (such as lung cancer and melanoma), knowing the
composition of the tumour microenvironment may help in an
early diagnosis (2).

The tumor environment is defined as the space around
a tumour, consisting of an extracellular matrix, non-tumour
cells that are present in the matrix and numerous bioactive
molecules. The cellular matrix is described as a three-dimen-
sional, non-cellular network consisting of collagen, fibrillin,
proteoglycans, elastin, fibronectin, laminin, hyaluronic acid
and a multitude of other specialized macromolecules used
for adhesion, recognition and signalling (6-8). The extracel-
lular tumour matrix is permanently being remodelled by
the action of matrix metalloproteinases, hypoxia, oxidative
stress, expression/activation of inflammasomes and other
bioactive molecules present in the tumour microenvironment
(such as cytokines, growth factors, chemokines and signal
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proteins) (8-10). Bioactive molecules, exogenous biogenesis
of exosomes and microRNA are secreted through the coop-
eration between tumour cells and the constituent cells of
the tumour microenvironment (stromal, immune, vascular
cells, tumour associated fibroblasts, endothelial or epithelial
cells, tumour-associated macrophages, mesenchymal stem
cells) (11-13). These events are associated with metabolic
reprogramming in cancer cells (14).

The interaction between prostatic epithelial cells and the
tumour environment plays an important role in prostatic onco-
genesis. Hypoxia is a common feature in the microenvironment
of solid tumours. HIF1la modulates the following biological
pathways of cancer cells that protect or save cell functions
and facilitate cellular adaptation to hypoxia-ischemia: DNA
damage response, neo-angiogenesis, tumour growth and
angiogenesis, immune evasion, metabolism reprogramming,
epithelial mesenchymal transition, tumour microenvironment,
the response of therapeutic agent, mitochondrial func-
tion, apoptosis and resistance to oxidative stress (6,15,16).
Hypoxia-inducible factors (HIFs) are activated by intra-tumour
hypoxia. HIF-1a is a protein produced as a cellular response to
hypoxia. HIF-1a is frequently upregulated in human prostate
cancer (PCa) cells and plays an important role in angiogenesis.
HIFla is stabilized by reactive oxygen species (ROS), which
blocks prolyl hydroxylase domain (PHD) and also activates
MAPKSs. PHDI, PHD2, PHD3 and factor-inhibiting HIF (FIH)
are negative regulators of HIF signalling (16,17).

The activation of the tumour hypoxic response and altered
levels of nitric oxide, cytokines, metzincins and growth
factors can regulate malignant phenotype. Angiogenesis
plays an important role in the development, growth and
progression of prostate tumours. Various molecules,
including vascular endothelial growth factors (VEGFs),
fibroblast growth factors (FGFs), platelet-derived growth
factors (PDGFs), matrix metalloproteinases (MMPs), tissue
inhibitor of metalloproteinases (TIMPs), thrombospondins
(TSPs), soluble VEGF-1 receptors (sVEGFRs), cytokines
and chemokines, can induce/suppress angiogenesis and have
been extensively studied in vivo and in vitro (17-19). HIF-1a
controls VEGF-A gene transcription and VEGFs/VEGFRs
signalling (20,21). The pathological and clinical signifi-
cance of various soluble proangiogenic parameters and
tumour-suppressor proteins remain incompletely character-
ized in prostate tumorigenesis (22). The MMP signature has
an essential role in tumorigenesis and biochemical recur-
rence in patients with PCa (22). The peptide growth factors,
including VEGFs, sVEGFRs, human growth factor, FGF2,
connective tissue growth factor (CTGF), PDGF, TNF, trans-
forming growth factor (31, epidermal growth factor, MMPs,
TIMPs, TSPs, insulin-like growth factors, IL-1b, angio-
tensin-2 and thrombin significantly differ among non-tumor
cases (healthy), benign and malignant tumours (11,19,23-25).

The present study aimed to investigate molecular responses
to hypoxia in prostate tumorigenesis using the dynamic
changes in circulating HIFla and angiogenic/antiangiogenic
factors. The analysis of the correlations between the clini-
copathological particularities of the studied groups and the
molecular imbalances reported in hypoxic conditions may
improve the personalized treatment strategies in patients with
BPH and PCa.

Materials and methods

Characteristics of included groups. The present study is a
case-control study developed for a period of 3 years (January
2018 to December 2020) that includes 87 male patients [40
diagnosed with benign prostatic hyperplasia (BPH) and 47
diagnosed with PCa using prostate transrectal biopsy] and 40
healthy male subjects (Control group). All the patients signed
the informed consent, and all the procedures were performed
according to the Declaration of Helsinki from 1975. Patients
were selected from those who attended the Clinical Hospital of
Nephrology ‘Carol Davila’ (Bucharest, Romania) and Clinical
Hospital of Emergency ‘St. John’ (Bucharest, Romania), and
the study protocol was approved by the Ethics Committee of
the Clinical Hospital of Emergency ‘St. John’ (4/4.12.2017;
Bucharest, Romania). The study group was homogenous and
all the patients were included after signing an informed consent
approved by the ethical committee. The data were collected by
the study team, who were in contact with every patient for data
acquisition and blood sample collection. The subjects with
prostate pathology were diagnosed by histological exam and
using prostate transrectal biopsy. The patients with prostatic
cancer did not present metastasis on thoracic-abdominal-pelvic
CT scan nor locally advanced disease. The maximal Gleason
score for the included patients was 7 (3+4). All subjects with
negative microbiologic examinations were included. The inclu-
sion criteria in the study were also, subjects over 18 years old,
with adequate nutritional status. The exclusion criteria were:
Patients with signs or symptoms of acute infection; patients
who did not receive any treatment for prostatic pathology
before the inclusion in the study; patients with any cardiovas-
cular, hepatic, thyroid, gastrointestinal, recent history of viral
or bacterial infections, tobacco use, drug abuse, alcoholism or
use of vitamin or other antioxidant supplements. The biological
samples were collected before the prostate biopsy and the CT
scan confirmed the eligibility of patients.

Biological samples and ethics statement. The blood samples
were collected from all the study participants after 12 h of
fasting using a holder-vacutainer system. Centrifugation of the
blood samples was performed at 3,000 x g, for 10 min, after
1 h of keeping the blood at room temperature. The sera were
separated and frozen at -80°C before analysis. The haemolysed,
icteric, lactescent or microbiologically contaminated samples
were excluded.

Quantitative determinations. Serum levels of HIF1a, VEGF,
FGF2, MMP-2, MMP-9, TSP-1 and sVEGFR-1, were identified
using enzyme-linked immunosorbent assay (ELISA). Reactive
kits were exclusively designated for research studies and do
not provide reference values for the selected parameters.
Manufacturers specifications for HIFla were: Quantitative
solid phase sandwich immunoassay ELISA kit (E367Hu),
analytical sensitivity 0.01 ng/ml, detection range 0.05-15 ng/ml
(Shanghai Korain Biotech Co., Ltd.). The concentration of
HIFla in the human serum was determined by comparing the
optical density of the samples at 450 nm to the standard curve
using a colorimetric microplate reader (Tecan Trading AG).
The antibodies were coated onto the microwells and incubated
with the serum of the patients. HIF protein was captured by
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the coated antibody. After extensive washing, an HIF detec-
tion antibody was added to detect the captured HIF protein,
afterwards a HRP substrate, 3,3',5,5'-tetramethylbenzidine, to
develop the colour.

FGF2 concentration (pg/ml) was determined using the
Quantikine solid phase sandwich immunoassay ELISA kit (cat.
no. DFB50; R&D Systems, Inc.) with an analytical sensitivity
3 pg/ml and assay range 10-640 pg/ml. The colour intensity
which proportional to the quantity of FGF2 was measurable at
450 nm using TECAN analyser.

VEGEF concentration (pg/ml) was determined using the
human VEGF Quantikine ELISA kit (cat. no. DVE0OO; R&D
Systems, Inc.) that has an analytical sensitivity 9 pg/ml and
assay range 15.6-2,000 pg/ml, at 450 nm using a TECAN
colorimetric microplate reader analyser.

MMP-2 concentration (ng/ml) was quantified using the
RayBio® human MMP-2 ELISA kit (cat. no. ELH-MMP-2;
RayBiotech Life, Inc.) that has an analytical sensitivity
3.5 pg/ml and an assay range 3.5-800 ng/ml, using a TECAN
colorimetric reader at 450 nm.

MMP-9 concentration (ng/ml) was determined using the
human MMP-9 ELISA kit (cat. no. ELH-MMP-9; RayBiotech
Life, Inc.) that has an analytical sensitivity 10 pg/ml and assay
range 10-6,000 pg/ml using a TECAN detection colorimetric
reader at 450 nm.

TSP-1 concentration (ng/ml) was determined using the
human TSP-1 Quantikine ELISA kit (cat. no. DTSP10; R&D
Systems, Inc.; analytical sensitivity, 0.944 ng/ml; detec-
tion range, 7.8-500 ng/ml). The intensity of signal directly
proportional to the concentration of TSP-1 was determined by
colorimetric detection at 450 nm using a TECAN analyser.

sVEGFRI1/FLTI concentration (ng/ml) was quantitatively
measured using solid-phase quantitative sandwich ELISA kit
(cat. no. CSB-P17498; Cusabio Technology, LLC); analytical
sensitivity, 0.039 ng/ml; assay range, 0.156-10 ng/ml) using a
TECAN analyser.

Statistical analysis. The data are presented using the mean
and standard deviation. SPSS version 27 (IBM Corp.) was
used for the statistical analysis. The data between groups were
compared using either ANOVA with Tukey post-hoc test or
Kruskal-Wallis test with Dunn's post-hoc test for normally
and non-normally distributed data, respectively. The rela-
tion between the studied markers was assessed by Pearson's
correlation coefficient, but not before the assessment of data
normality by the Kolmogorov-Smirnov test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Disease activity parameters in the patient groups. The
subject's characteristics are presented in Table I. The study
groups are homogenous concerning age. As activity disease
factors, PSA and free PSA were used as markers of inflamma-
tion (especially for IL-6). Statistically significant differences
were detected between the BPH, PCa and control groups in
prostate volume, PSA, free PSA, IPSS and IL-6 (Table I).

Abnormalities of HIFla in tumour-genesis. In the PCa group,
HIFla expression was significantly increased by 1.97-fold

compared with the BPH group (P<0.05) and 2.10-fold
compared with the control group (P<0.001). HIFla did not
vary significantly when comparing between the BPH and
control group (P>0.05; Table II).

Molecular regulators of angiogenesis. The study groups
presented different variations between pro-angiogenic factors
(FGF-2, VEGF, MMP-2 and MMP-9) and anti-angiogenic
factors (TSP-1 and sVEGFR-1). In the PCa group, FGF-2
was significantly increased by 1.16-fold compared with
BPH (P<0.05) and by 4.77-fold compared with the control
group (P<0.05). FFP-2 increased also significantly, 4.10
folds when compared to BPH and the PCa groups (P<0.05).
VEGEF increased statistically significantly in the PCa group
by 2.12-fold compared to BPH (P<0.05) and 4.12-fold
compared with the control group (P<0.05). VEGF increased
also significantly, 1.94-fold in the BPH group when compared
to the control group (P<0.05). MMP-2 was also significantly
increased in the PCa group by 1.99-fold compared with BPH
(P<0.05) and by 2.15-fold compared with the control group
(P<0.05). MMP-9 was significantly increased in the PCa
group by 2.50-fold compared with BPH (P<0.05) and by
2.15-fold compared with the control group (P<0.05). MMP-2
and MMP-9 did not present statistical differences between
BPH and the control group (P<0.05).

Regarding the anti-angiogenic factors, significant
variations were detected as follows. TSP-1 was significantly
decreased in the PCa group by 1.85-fold compared with BPH
(P<0.05) and by 1.83-fold compared with the control group
(P<0.05). sVEGFR-1 was significantly decreased in the PCa
group by 1.50-fold compared with BPH (P<0.05) and by
1.46-fold compared with the control group (P<0.05). TSP-1
and sSVEGFR-1 did not present statistical differences between
BPH and control groups (P>0.05; Table III).

Interplays between microenvironment soluble factors and
clinicopathological variables. The relationship between pros-
tate hypertrophy/neoplasia microenvironment soluble factors,
clinicopathologic variables, angiogenesis and related molecules
were investigated. In the PCa group it was observed that there
were strong significant correlations between pro-angiogenic
factors (HIFla, FGF-2, VEGF, MMP-2, MMP-9) and IL-6
and medium significant correlations between HIF1a, MMP-2,
MMP-9 and PSA. Concerning anti-angiogenic factors in PCa
groups it was observed that there were inverse correlations
between TSP-1 and sVEGFR-1 compared with IL-6. In the
BPH groups, only FGF-2 and VEGF were correlated with
IL-6, while FGF-2 was correlated with PV (Table IV).

As observed in Table V, in PCa, HIF1a induces the over-
expression of FGF-2, VEGF, MMP-2, MMP-9 and exerts
and an inhibitor effect over TSP-1. Whereas in BPH, HIF1a
exerts a low positive effect over FGF-2 and VEGF. It could be
observed that both in PCa and BPH, FGF-2 had a significant
correlation with VEGF, and the strongest correlation was in
PCa (Table V).

Discussion

The hypoxic microenvironment constitutes a developing
area of investigation in solid tumours. Several studies have
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Table I. Clinical and pathological characteristics of the patients.

Parameter BPH group (A,n=40) PCa group (B,n=47) Control group (C, n=40) pl p2

Age, years 68.1£11.3 65.1£9.3 65.6+£10.2 0.237

Prostate volume, cm? 50.3+15.1 39.0+11.6 18.5+2.1 0.032 Avs.B=0.014
Avs.C:=0.009
B vs. C: =0.006

PSA, ng/ml 2.5+14 11349 1.6+0.6 0.024 A vs. B=0.004
Avs.C:=0.039
B vs.C:=0.011

Free PSA, ng/ml 0.25+0.05 0.38+0.04 0.13+0.03 0.031 A vs. B=0.026
Avs.C:=0.021
B vs. C: =0.004

IPSS 18.3+4.2 17.8+3.8 42+1.2 0.042 Avs.B=0.074
Avs.C:=0.018
Bvs.C:=0.014

IL-6, ng/ml 16.3+5.1 18.1+4.7 4.1+1.2 0.011 A vs. B=0.052
Avs.C:=0.011
B vs. C: =0.007

BPH, benign prostate hyperplasia; PCa, prostate cancer; PSA, prostate-specific antigen; IPSS, international prostate symptom score; p, signifi-
cance level; pl, triple comparison of the groups; p2, pairwise comparison of the groups.

Table II. HIF1a levels in studied groups.

Parameter BPH group (A; n=40) PCa group (B; n=47) Control group (C; n=40) pl p2

HIFla, ng/ml 65.6£18.2 129.3+21.8 61.3+12.7 0.039 A vs. B=0.002
A vs.C=0.196
B vs.C:=0.001

BPH, benign prostate hyperplasia; PCa, prostate cancer; HIF, hypoxia-inducible factor; p, significance level; pl, triple comparison of the

groups; p2, pairwise comparison of the groups.

identified various soluble factors (such as different interleu-
kins) in the neoplastic microenvironment involved in cancer
development and progression (4-6,13,16,17,26-29). The current
study explored the contribution of the angiogenic response to
hypoxia and inflammation in PCa and BPH biology. Under
hypoxic conditions, patients with PCa had an imbalance
between soluble antiangiogenic and proangiogenic circulating
factors.

In the current study, experimental data analysis showed
an exacerbation of inflammation in patients with PCa and
BPH vs. the control group. Serum IL-6 levels were elevated
in prostate tumours and correlated with HIF1la and proangio-
genic/antiangiogenic factors. These results demonstrated that
IL-6 was produced by the tumour cells or the tumour micro-
environment. IL-6, derived from cancer-associated fibroblasts,
plays an important role in regulating tumour growth and
progression of PCa cells, modulation of p53 turn-over, induc-
tion of epithelial to mesenchymal transition, cell survival,
modulation of chemoresistance, neuroendocrine differentia-
tion in the prostate, androgen receptor activation and androgen

synthesis (30). In prostate tumours, IL-6 modulates multiple
signalling pathways, including JAK/STAT, ERK1/2/MAPK
and PI3K (25,30,31).

In the present study, HIF-1a was upregulated in the human
PCa compared with BPH and the control group. Notably,
there was a moderate correlation between circulating levels of
HIFla vs. PSA and free PSA concentrations in patients with
PCa. Based on these results, overexpression of HIFla was
hypothesised to be an early event in prostate carcinogenesis. In
patients with BPH, periodic measurement of HIF1a may help to
identify patients with BPH early according to the risk of devel-
oping complications. The increase in HIFla is consistent with
overexpression of angiogenesis in prostate pathology. HIFla
is involved in the adaptation to insufficient oxygen or hypoxia,
expression of androgen receptor (AR), vascularization, tumour
angiogenesis, the pathophysiology of ischemic conditions and
resistance to androgen/AR-targeted therapy. HIFla interacts
with the AR on the PSA gene promoter (6,8,9,32,33). In
inflammatory conditions, hypoxia/HIFla signalling may
play a possible role in the neoplastic transformation of benign
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Table III. Angiogenesis-related factors in studied groups.

Parameter BPH group (A; n=40)

PCa group (B; n=47)

Control group (C; n=40) pl p2

FGF-2, pg/ml 27.9+6.1 325454

VEGF, pg/ml 237.35+39.1

MMP-2, ng/ml 502.2+91.7

MMP-9, ng/ml 178.3+33.1

TSP-1, ng/ml 1112.8+122.3

sVEGFR-1, ng/ml 15.2+3.3 10.1+4.1

503.9+129.2

1002.5+207 .4

409.1+£103.5

600.4+£137.4

6.8+3.7 0.017 A vs. B=0.028
A vs. C: =0.005
B vs. C: =0.001
A vs. B=0.005
Avs.C:=0.018
B vs. C: =0.001
Avs. B: =0.004
Avs. C=0.054
B vs. C: =0.001
A vs. B=0.002
Avs.C:=0.181
B vs. C: =0.007
A vs. B=0.0029
Avs.C=0453
B vs. C=0.001
A vs.B=0.001
Avs.C=0.202

B vs. C=0.002

122.3+£21.2 0.029

465.3+78.4 0.040
163.3+29.5 0.026
1100.3+£100.6 0.027

14.8+2.1 0.006

BPH, benign prostate hyperplasia; PCa, prostate cancer; FGF, fibroblast growth factor; VEGF, vascular endothelial growth factor; MMP,
matrix metalloproteinase; TSP, thrombospondin; sVEGFR, soluble vascular endothelial growth factor receptor; p, significance level; pl1, triple

comparison of the groups; p2, pairwise comparison of the groups.

prostate cells. This remark could be supported by the immu-
nohistochemical observations, according to which HIF is
activated by intratumoral hypoxia, and is modulated by ROS,
PHD and FIH (16). HIFla, PHDI1, PHD2, PHD3 and FIH
expression levels in PCa are not significantly correlated with
PSA level, tumour stage, Gleason score, presence of positive
lymph nodes or recurrence (16). The HIFla gene is upregu-
lated in localized PCa, but not in metastatic, hyperplastic and
non-tumoral adjacent tissue (16). The increased concentration
of HIFla is associated with angiogenic factors and aggres-
sive cell phenotype progression of patients suffering from
PCa. In hypoxic conditions, HIFla can promote the secretion
of IL-6, VEGFs/sVEGFRs and CTGF in cancer-associated
fibroblasts (20,21,33).

The present data showed that, in hypoxic and inflamma-
tory conditions, patients with PCa had an imbalance between
circulant proangiogenic and antiangiogenic soluble factors.
BPH was characterized by non-variation values of HIFla,
but moderately increased values only for VEGF and FGF2
compared with normal subjects. In hypoxic conditions, PCa
was characterized by an overregulation of stimulators of
angiogenesis (VEGF, FGF2, MMP-2 and MMP-9) and down-
regulation of suppressors of angiogenesis (TSP-1) compared
with patients with BPH and healthy subjects. The evolution of
these factors was correlated with the prostate volume, PSA and
free PSA in patients with PCa. A clinicopathological signifi-
cance of immunohistochemical relations between cellular
response to hypoxia quantified by HIF-loo immunoreactions,
and micro-vessel density calculated by CD34 immunostaining
was observed in a previous study (17). The angiogenetic

profile evaluated by VEGF cytoplasmic immunoreactivity
was examined in hyperplastic and malignant prostate tissue.
The interrelationship between CD34 and HIF-1a, VEGF and
HIF-1a and VEGF and CD34 were stronger in PCa compared
with in BPH and were also significantly associated with
high-grade carcinomas (17).

On the other hand, several studies report that alteration
of VEGF/VEGFR and FGF/FGFR are associated with PCa
development and progression via Ras, Src, MAPK, PKC,
PI3K-AKT, and STAT (34,35). FGF2 is a potent mediator of
angiogenesis and is upregulated in response to inflammatory
stimuli and prostate tumours; is modulated by heparin, inte-
grin a5B3, soluble FGFR1, FGF-BP, free gangliosides, TSP-1,
pentraxin 3/TSG-14, fibrinogen, a2 macroglobulin, PDGF and
CXCLA4/PF4 (34,35). The interaction of these molecules and
co-receptor or adhesion partners is required for the binding and
activation of FGF receptors (34,35). VEGF is a growth factor
of both angiogenesis and vasculogenesis and its synthesis is
induced by hypoxia and cytokines such as IL-1, IL-6, IL-8,
oncostatin, M and TNF-a (34). The role of IL-6 in the inflam-
matory microenvironment and prostatic tumorigenesis has
also been underlined in a previous study by Ene ef al (36). The
interaction of VEGF with VEGFR1 and VEGFR2 promotes
tumour angiogenic activity and circulating VEGF levels are
correlated with disease activity in PCa (34,35).

In the present study, evaluating the prospective associa-
tions from the profiles between the angiogenic/antiangiogenic
factors and clinical-biological status of the patients with pros-
tatic diseases in initial development phases may offer another
perspective over tumour mechanisms and become an efficient
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Table I'V. Correlations analysis between angiogenesis-related molecules and disease characteristics.

A, PCa (47 cases)

Parameters IL-6 PV PSA Free PSA IPSS
HIFla r=0.59* NS r=0.49° r=0.16° NS
FGF-2 r=0.57* r=0.28° NS r=0.10° NS
VEGF r=0.63* NS NS NS r=0.19¢
MMP-2 r=0.31* NS r=0.21° NS NS
MMP-9 r=0.68* NS r=0.15° NS NS
TSP-1 r=-0.22° NS r=-0.19¢ NS NS
sVEGFR-1 r=-0.18* NS NS NS NS
B, BPH (40 cases)

Parameters IL-6 PV PSA Free PSA IPSS
HIFla NS NS NS NS NS
FGF-2 r=0.41° r=0.10° NS NS NS
VEGF r=0.32° NS NS NS NS
MMP-2 NS NS NS NS NS
MMP-9 r=0.12¢ NS NS NS NS
TSP-1 NS NS NS NS NS
VEGFR-1 NS NS NS NS NS

“P<0.01; "P<0.05; “P=0.05. BPH, benign prostate hyperplasia; PCa, prostate cancer; IL, interleukin; PV, prostate volume; PSA, prostate-specific
antigen; IPSS, international prostate symptom score; HIF, hypoxia inducible factor; FGF, fibroblast growth factor; VEGF, vascular endothelial
growth factor; MMP, matrix metalloproteinase; TSP, thrombospondin; sVEGFR, soluble vascular endothelial growth factor receptor; NS,

insignificant; r, correlation coefficient; P, significance level.

instrument for patient monitoring and management. Another
study showed that angiogenesis plays an important role in
PCa pathogenesis, but the outcomes of the antiangiogenic
therapy are not very promising. The possible explanations
of the low efficiency of antiangiogenic therapy in PCa might
be due to the redundance of the alternative angiogenic ways;
molecular heterogeneity of the prostatic tumoral environ-
ment; inactivation of the suppressive genes of tumour; or
genetic and epigenetic variability of pro and anti-angiogenic
factors (36-38).

The present study indicated that MMPs-2 and -9 were
produced in inflammation or hypoxic conditions in patients with
PCa. MMPs behaved as an angio-modulator in PCa, playing
a decisive role in regulating pro- and anti-angiogenic factors.
Angiogenesis controlled by the MMPs/TIMPs axis is associ-
ated with the malignant progression of PCa (39). MMP-2 and
-9 are negatively regulated by the androgen pathway (40,41).
MMP-2 is involved in vessel remodelling, angiogenesis,
tissue repair, tumour invasion, inflammation and extracellular
matrix degradation. The C-terminal non-catalytic fragment of
MMP-2, PEX, has anti-angiogenic and anti-tumour properties
and inhibits cell migration and cell adhesion to FGF-2 and
vitronectin. PEX is secreted by fibroblasts and it is produced
by prostate tumours. Autocatalytic cleavage of PEX is facili-
tated by binding integrin 5/p3 (39-41). MMP-9 is secreted in
the extracellular space and extracellular matrix; it exerts a

physiological and pathological angiogenic and remodelling
effect on the vasculature. Its circulating levels are increased
in inflammatory disorders (39,40). Biomedical evidence indi-
cates serum MMPs as potential biomarkers for the diagnosis
or prognosis of prostatic malignancies (42). MMP-2 in combi-
nation with PSA can increase the sensitivity for the diagnosis
and monitoring of PCa. Serum levels of MMP-9 can indicate
the presence of malignancy and metastases (42).
Additionally, negative regulatory molecules TSP-1 and
sVEGFR-1 strongly influence angiogenesis. In patients with
PCa, a reciprocal inhibitory effect between TSP-1/HIFla,
TSP-1/FGF-2 and sVEGFR-1/VEGF was observed. These
results suggest that decreased circulatory TSP-1 and sVEGFR-1
levels due to hypoxia could contribute to angiogenesis. TSP-1
and sVEGFR-1 could inhibit angiogenesis in prostate neoplasia.
Notably, there was a lack of correlation between HIFla and
sVEGFR-1, which meant that serum variations of sSVEGFR-1
were independent of HIFla signalling in patients with PCa.
Experimental studies have not demonstrated whether the
interaction between hypoxia and the molecular mechanisms
that generate soluble forms of VEGFRI1 (alternative splicing
of mRNA, proteolytic cleavage) are coordinated by HIFla.
Some reports suggest that sSVEGFR-1 is released from macro-
phage/monocytes after exposure to GM-CSF, via HIF-2a.
Other data indicate the origin of sFtl1-14 in activation of the
growth arrest and DNA damage-inducible Gadd45a factor
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Table V. Correlation analysis between angiogenesis-related molecules.

A, PCa (47 cases)

Parameters FGF-2 VEGF MMP-2 MMP-9 sVEGFR-1 TSP-1
HIFla r=0.59* r=0.63* r=0.48* r=0.51* NS r=-0.64*
FGF-2 - r=0.57* NS NS NS r=-0.39*
VEGF - - NS r=0.17° r=-0.29° NS
MMP-2 - - NS NS NS
MMP-9 - - - NS r=-0.23°
sVEGFR-1 - - - - NS
B, BPH (40 cases)

Parameters FGF-2 VEGF MMP-2 MMP-9 sVEGFR-1 TSP-1
HIFla r=0.19* r=0.21* NS NS NS NS
FGE-2 - r=0.12¢ NS NS NS NS
VEGF - - NS NS r=0.10° NS
MMP-2 - - NS NS NS
MMP-9 - - - NS NS
sVEGFR-1 - - - - NS

"P<0.01; °P<0.05; °P=0.05. BPH, benign prostate hyperplasia; PCa, prostate cancer; HIF, hypoxia inducible factor; FGF, fibroblast growth
factor; VEGF, vascular endothelial growth factor; MMP, matrix metalloproteinase; TSP, thrombospondin; sVEGFR, soluble vascular endothe-
lial growth factor receptor; NS, insignifiant; r, correlation coefficient; P, significance level.

and p38 phosphorylation (19,43,44). Also, the influence of a
few cytokines secreted in the microenvironment (IL-4, IL-6,
GM-CSF) and the effect of cyclooxygenase-1, hydroxylases
and demethylases, glycosyltransferases/sialidases, hepari-
nases, protein kinases C, focal adhesion kinase or of HSP27,
GM3 gangliosides, the presence of some integrins type a5p3
and a5p1 over the secretion and of stability of HIF1a have
been presented in the research literature (19,21,43). Other data
concludes that sSVEGFR-1 can function as an inhibitor in the
autocrine regulation of angiogenesis by competing with VEGF
and PLGF. Hypoxia regulates sVEGFR-1/sFlt-lmRNA levels
by cis-elements involved in mRNA alternative processes (44).
SVEGFR-1 contributes to cancer pathogenesis (cell survival,
angiogenesis, proliferation, extracellular matrix invasion)
by regulating inflammatory responses and recruitment of
tumour-infiltrating macrophages by the VEGF/FIt-1 and/or
VEGF/KDR signalling via MAPK1/ERK2, MAPK3/ERK1
and MAPK/AKT1 pathways (15,19). VEGFR-1 supports
cancer immune escape and stimulates the release of immu-
nosuppressive cytokines (20). sSVEGFR-1, which derives from
alternative splicing of the VEGFR-1, interacts with VEGF-A,
VEGF-B, placenta growth factor and VEGFR-2 to block
the activity of these ligands (20). Extracellular granzyme K
induces de novo synthesis and release of sVEGFR-1 protein
and mRNA levels from endothelial cells independently of
PAR-1, sequestering VEGF and inhibiting VEGFR signalling
and angiogenesis (19,45).

The biological effects of TSP-1 in the microenvironment
have been previously studied. TSP-1 is a potent mediator that

modulates cell-to-cell and cell-matrix adhesion, proliferation,
migration and angiogenesis (46). TSP-1 mediates interactions
between cells and the extracellular matrix. Recently, it has
been reported that two serum proteins, TSP-1 and cathepsin
D, can improve the diagnosis of high-grade PCa (46). In
the tumour microenvironment TSP-1 regulates metabolic
response to ischemic and genotoxic stress in several types of
cancer (melanoma or breast carcinoma) (47).

According to the present results, modulatory mechanisms
of HIFla, cytokines, growth factors, MMPs and matricel-
lular proteins might be involved in the molecular angiogenic
response of the microenvironment in prostate tumorigenesis.
Inflammation, immunity and complex interactions between
tumour cells and the microenvironment remain to be eluci-
dated.

To the best of our knowledge, the present study was the first
to evaluate angiogenetic mechanisms in hypoxic conditions
in patients with prostate tumours, correlated with common
clinicopathologic variables (48). However, some limitations
should be noted. In the evaluation of the prospective associa-
tions between the profiles of angiogenic/antiangiogenic factors
and clinical-biological status of the patients with prostatic
affections in initial phase, the immune-enzymatic techniques
for detection of serum metabolites were used for the following
reasons: i) The availability and the compliance of the patients
in collection of biological samples; and ii) the use of fast
procedures of collecting and processing the samples, with
anterior optimization of the analysis methods and with the fast
implementation of the outcomes in the clinical context. The
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present study only followed patients with early PCa for a short
period. Also, the number of patients was relatively reduced and
randomization was not performed. For an improved under-
standing of physiopathological angiogenic/antiangiogenic
processes in the tumour microenvironment in PCa, follow-up
of the patients should be longer and more data according to
cancer progression should be collected. Moreover, all the
studied factors should be evaluated in advanced and metastatic
neoplastic diseases.

In conclusion, the complex interactions between tumour
cells and the hypoxic microenvironment could alter the
angiogenesis in prostate tumours. The BPH was character-
ized in the present study by non-variation values of HIFla,
and moderately high values for VEGF and FGF2; while PCa
was characterized by overregulation of endogenous positive
regulatory molecules of angiogenesis (VEGF, FGF2, MMP-2,
MMP-9) and downregulation of suppressors of angiogenesis
(TSP-1, sVEGFR-1). The assessment of circulating HIFla
and angiogenic stimulators/inhibitors could contribute to the
differential diagnosis between patients with BPH and PCa.
The present data suggested that the overproduction of HIFla
was an early event in prostate carcinogenesis. Modulatory
mechanisms of HIFla, cytokines, growth factors, matrix
metalloproteinases and matricellular antiangiogenic proteins
could be involved in the development of prostate malignan-
cies.
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