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ABSTRACT

Purpose: Emerging insights underline a link among chronic inflammation and endothelial activation with benign
prostatic hyperplasia (BPH) and prostate cancer (PCa). We aim to investigate whether specific plasma markers of
inflammation and endothelial activation allow to discriminate BPH and PCa.

Materials and Methods: Fifteen patients affected by BPH, 15 by PCa and 15 controls, were enrolled. Interleukin-6
(IL-6), CD40 ligand (CD40L), endothelial-selectin (E-selectin), platelet-selectin (P-selectin), vascular cell adhesion
molecule-1 (VCAM-1) and intercellular adhesion molecule-1 (ICAM-1) were measured.

Results: In systemic blood samples, IL-6 has been found increased in patients affected by BPH (4.25 + 0. pg/mL)
and PCa (5.08 + 0.24) respect to controls (2.62 & 0.34; p < 0.05). CD40L was higher in BPH (4.25 £+ 0.65 ng/mL; p
< 0.05) than in control (2.31 £+ 0.20) and PCa group (2.60 + 0.56). E-selectin, P-selectin and VCAM-1 did not show
any significant difference. Higher levels of ICAM-1 were detected in patients with PCa (573.04 + 52.23) and BPH
(564.40 + 74.67) than in the controls (215.30 = 11.53 ng/mL; p < 0.05). In local blood samples, IL-6 has been found
significantly increased in PCa in comparison with patients with BPH; there was no difference in CD40L, E-selectin,
P-selectin, VCAM-1 ed ICAM-1.

Conclusions: Changes in inflammation and endothelial activation markers may be not considered to be of value in
discriminating BPH and PCa.
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INTRODUCTION

tion may contribute to carcinogenesis and hyper-
trophy of prostate is still unknown. The molecular

The pathogenesis of PCa (prostate cancer)
and BPH (benign prostatic hyperplasia) is still
largely unresolved. The common key mechanisms
involved in the development and progression of
PCa and BPH are represented by ageing, hormonal
alterations, metabolic syndrome and inflammation
(1). Currently, a vast literature suggests a link be-
tween chronic inflammation and prostatic disease
(2,3). However, whether intraprostatic inflamma-

pathogenesis of prostate cancer has been charac-
terized by somatic germline alterations of genes
associated with some immunological aspects of
inflammation in modulating prostate cancer risk.
In support of this hypothesis, population stud-
ies pointed out an increased relative risk of pros-
tate cancer in patients with a previous history of
sexually transmitted infections or prostatitis (4-6).
Proliferative inflammatory atrophy, which shares
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some molecular traits with prostate intraepithelial
neoplasia and prostate cancer, has been recognized
as a novel putative prostate cancer precursor lesion
(7). Nonetheless, inflammation is frequently present
in prostate biopsies, radical prostatectomy speci-
mens and tissue resected for the treatment of benign
prostatic hyperplasia. Moreover, proliferative in-
flammatory atrophy, often found inside and around
foci of atrophy, may be considered as a precursor of
an early prostate cancer or may indicate an intrapros-
tatic environment favourable to cancer development.

In the last few years, the role of inflammation
in the pathogenesis of BPH has been also advocated
in supporting the process of fibromuscolar growth
(3-7). The inflammatory injury may contribute to
cytokine production by inflammatory cells driving
local growth factor production and angiogenesis in
the prostatic tissue. An up-regulation of pro-inflam-
matory cytokines has been reported in BPH tissue
(8). This pro-inflammatory micro-environment is
closely related to BPH stromal hyperproliferation
and tissue remodelling with a local hypoxia induced
by increased oxygen demands by proliferating cells
which supports chronic inflammation as a source of
oxidative stress leading to tissue injury in infiltrat-
ing area (9). When taken together, studies of sexually
transmitted infections, clinical prostatitis, genetic
and circulating markers of inflammation hint at a
link between prostate cancer and chronic intrapros-
tatic inflammation (10). Analyses on bacterial colo-
nization in PCa and normal prostate tissue showed,
indeed, a highly suggestive correlation between bac-
terial colonization/chronic inflammation and PCa
as well as BPH. The hypothesis that inflammation
might promote PCa and BPH is actually supported
by several new significant findings. On the basis of
these suggestions, aim of this study has been to inves-
tigate the possible significance of markers related to
inflammation and endothelial activation as discrimi-
native indexes of PCa or BPH. For this purpose, we
measured, in blood samples withdrawn both locally
in the prostate gland and systemically, interleukin-6
(IL-6), CD40 ligand (CD40L), endothelial-selectin
(E-selectin), platelet-selectin (P-selectin), vascular
cell adhesion molecule-1 (VCAM-1) and intercellu-
lar adhesion molecule-1 (ICAM-1) as specific mark-
ers of inflammation and endothelial activation.

MATERIALS AND METHODS

A total of 45 consecutive patients, hospital-
ized in our Urological Department between Febru-
ary and July 2008, 15 affected by BPH, 15 by PCa
and 15 controls were selected for the current study.
The research has been carried out in accordance
with the Declaration of Helsinki and approved by
the Ethics Committee of our hospital. Consent was
obtained from all patients after full explanation of
the procedure. Details about the criteria of selec-
tion and methodological procedures have been just
described in a previous study (11).

In serum and plasma blood samples we
measured: IL-6, CD40L, E-selectin, P-selectin,
VCAM-1 and ICAM-1. Plasma and serum samples
were stored at -80°C until analysis.

VCAM-1 and ICAM-1 levels (ng/mL) were
measured using ELISA kits (Bender MedSystems
GmbH, Campus Vienna Biocenter, Austria), with a
sensitivity of 0.59 ng/mL and 2.17 ng/mL, an intra-
assay CV of 3.1% and 4.1%, an inter-assay CV of
5.2% and 7.6%, respectively.

P-selectin and E-selectin levels (ng/mL)
were measured using ELISA kits (Bender MedSys-
tems GmbH, Campus Vienna Biocenter, Austria),
with a sensitivity of 1.06 ng/mL and 0.30 ng/mL,
an intra-assay CV of 2.4% and 5.4%, an inter-assay
CV of 5.2% and 6.0%, respectively.

CDA40L level (ng/mL) was measured using
a high sensitivity ELISA kit (Bender MedSystems
GmbH, Campus Vienna Biocenter, Austria) with a
sensitivity of 0.005 ng/mL, an intra-assay CV of
5.5% and an inter-assay CV of 6.6%. IL-6 level
(pg/mL) was measured using an ELISA kit (Bender
MedSystems GmbH, Campus Vienna Biocenter,
Austria), with a sensitivity of 0.92 pg/mL, an intra-
assay CV of 3.4%, an inter-assay CV of 5.2%.

SPSS for Windows (version 10.0.7) com-
puter package was used for statistical analysis. All
data are given as mean =+ standard error of the mean
(SEM). Mann-Whitney rank sum test was used to
compare differences between all patients enrolled
and the control group. Wilcoxon matched-pairs
signed rank test was used to compare differences
between local and systemic samples. Statistical sig-
nificance was accepted if p < 0.05.
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RESULTS

As reported in Table-1, in systemic blood
samples we found an increased level of IL-6 in pa-
tients affected by BPH (4.25 + 0.36 pg/mL) and
PCa (5.08 £ 0.24) in respect to controls (2.62 +
0.34; p < 0.05). This raise was significantly great-
er in patients with PCa than in those affected by
BPH. CD40L was increased in BPH group (4.25
+ 0.65 ng/mL; p < 0.05) respect to controls (2.31
+ 0.20). Notably, in PCa patients we observed an
increased value of CD40L statistically significant
versus control group but not in comparison with

Table 1 - Parameters measured in systemic blood samples.

BPH patients. No significant differences were
observed in E-selectin, P-selectin and VCAM-1
among the three groups. Higher levels of ICAM-1
were detected in patients with both PCa (573.04
+ 52.23) and BPH (564.40 £ 74.67) than in the
control group (215.30 = 11.53 ng/mL; p < 0.05).
However, no statistical significant difference was
found in ICAM-1 between PCa and BPH. In local
blood samples, IL-6 has been found significantly
increased in PCa (7.14 £ 0.47) in comparison with
BPH patients (6.35 £ 0.94). No significant differ-
ences were detected in CD40L, E-selectin, P-se-
lectin, VCAM-1 ed ICAM-1 (Table-2).

Control PCa BPH
IL-6 (pg/mL) 2.62+0.34 5.08 £0.24* 425+ 0.36% **
CD40L (ng/mL) 2.31+0.20 2.60 +0.56 4.25+0.65% **
E selectin (ng/mL) 54.67 £1.01 38.65+£5.23* 39.88 + 8.20*
P selectin (ng/mL) 125.58 £ 0.84 45.71 £ 6.45% 37.94+£431*
VCAM-1 (ng/mL) 809.96 +26.48 333.65 + 33.54* 361.97 £ 32.68*

ICAM-1(ng/mL)

21530 + 11.53

573.04 +52.23*

564.40 + 74.67*

* P < 0.05 vs Control values; ** P < 0.05 vs PCa values; PCa: prostate cancer; BPH: benign prostatic hyperplasia.

Table 2 - Parameters measured in local blood samples.

PCa BPH
IL-6 (pg/mL) 7.14 £0.47 6.35 +£0.94*
CDA40L (ng/mL) 1.99 £0.54 3.16+£0.76
E selectin (ng/mL) 34.32+543 29.62 +4.25
P selectin (ng/mL) 177.80 +39.74 73.52 £12.63

VCAM-1 (ng/mL)

ICAM-1(ng/mL)

411.15+ 68.80

496.17 £36.49

383.53 £ 98.29

466.04 £ 52.73

* P < 0.05 vs PCa values; PCa: prostate cancer; BPH: benign prostatic hyperplasia
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DISCUSSION

The identification of biomarkers, assessable
in blood samples, in patients affected by PCa and
BPH could be useful in order to differentiate those
common prostate diseases as well as to identify spe-
cific therapeutic strategies. Patterns of inflammation
and endothelial activation seem to offer a biological
link between pathogenesis and clinical symptoms of
prostatic disease as well as might predict the onset
and progression of both PCa and BPH. Several stud-
ies support a close relation between BPH and the
inflammatory pattern, as suggested by the increased
rate (61%) of signs of chronic inflammation in pros-
tates of greater volume (80-89 mL) respect to small
ones (12). As prostate size is a valuable predictor of
BPH progression, the relationship between prostate
size and chronic inflammation should be indicative
of worsening clinical development. Clinical evi-
dence reports that chronic inflammation represents
a key condition leading to prostate enlargement and
to an increased symptoms score as well as a major
risk of complications (3). Furthermore, when inflam-
mation is clinically supposed and then proven histo-
logically, it may be taken into account in the man-
agement and treatment of BPH. IL-6 is a pleiotropic
cytokine and one of the main mediators of the acute
phase reaction, produced by fibroblasts, activated
macrophages or monocytes, activated T and B cells,
endothelial cells, stromal cells (9). Besides, dysregu-
lation of the immune response in BPH may occur
via elevated expression of pro-inflammatory IL-17
which stimulates, in turn, IL-6 and-8 production re-
sponsible for stromal growth factor (3). According
to these suggestions, we found IL-6 to be increased
systemically in BPH respect to control group. This
result confirms the involvement of IL-6 in the onset
of BPH and could suggest its possible significance in
discriminating prostate inflammatory hypertrophy in
comparison normal gland tissue. A central role of the
endothelial activation is also supported in the onset
and progression of BPH by systemically increased
levels of both CD40L and ICAM-1. It is well known
that CD40/CD40L is involved in angiogenesis. No-
tably, CD40, demonstrated to be higher in advanced
lung cancer, is also secreted by neoplastic prostatic
epithelial cells by acting as a growth factor (13). In
prostatic tumoral glandular tissue, CD40 is secreted

with a higher rate in hormone-refractory phase, with
a relevant importance in PCa progression (14). Tu-
morogenesis and progression are characterized by
changed expression of cell adhesion molecules that
are over-expressed in progressive disease and me-
tastasis. However, current evidence underlines that
expression of cell adhesion molecules may be not
useful, over PSA, in differentiating PCa from BPH
as well as for PCa diagnosis and follow-up (15).
Moreover, E-selectin has been demonstrated to be
constitutively expressed on bone marrow endothe-
lial cells which represents the preferentially adhesive
mechanism promoting haematogenous dissemina-
tion of prostate tumor cells into bone. Therefore, the
acquisition of E-selectin ligand expression may be
associated with prostate tumor progression (16). As
showed by Shariat et al., increased plasma levels
of IL-6, soluble IL-6 receptor, vascular endothelial
growth factor, VCAM-1, endoglin, urokinase-type
plasminogen activator and its receptor, plasminogen
activator inhibitor-1, may be of value in predict-
ing the risk of disease relapse after RP in respect to
standard clinical variables, by 15% to 86.6% (17).
E-selectin, expressed as a consequence of a hypoxic
vascular condition, is up-regulated in PCa as result
of complex interactions of tumor microenviron-
ment and it is associated with tumor angiogenesis
and metastasis (18). It has been reported that serum
levels of E-selectin, [CAM-1, VCAM-1 analyzed in
colorectal cancer were significant prognostic fac-
tors for patients survival, even though independent
on tumor progression and metastasis (19). In meta-
static prostate cancer, ICAM-1 and VCAM-1 seem
to correlate with the metastatic stage while no dif-
ferences were found between patients with localized
cancer and controls (15). Our results are in accord
with this assumption as we did not find, locally, a
significant increase in ICAM-1, VCAM-1, P-selectin
and E-selectin in patients affected by PCa (20). In
our opinion, we suggest that it should be due to the
restrict selection criteria, namely patients with a lo-
calized prostate cancer T2. Further, in relation with
the pro-inflammatory pathway, we found IL-6 to be
higher locally in PCa than in BPH patients (< 0.05)
and systemically respect to controls.

On one hand, our study confirms that in lo-
calized prostate cancer, cellular adhesion molecules
are not increased and they do not appear to be useful
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in differencing localized PCa from BPH. On the oth-
er hand, we suggest that any selected serum mark-
ers may be of utility in evaluating tumor activity, for
identifying metastatic potential or predicting pro-
gression. The identification of easily assessable cir-
culating biomarkers, in patients who are likely to fail
radical prostatectomy, might be of value to counsel
them about the risk of biochemical recurrence. To-
ward this end, further studies on advanced prostate
cancer are needed in evaluating more useful markers
to predict metastasis and progression.

CONCLUSIONS

In BPH, inflammation may be taken into ac-
count in the correct selection of treatment choice as
whether detected those patients should have a symp-
tomatic beneficial improvement by adding anti-in-
flammatory drugs to standard therapies.

Changes of the inflammation and of the
endothelial activation specific markers observed
in patients affected by BPH and PCa may be not
considered of value in discriminating those pros-
tate diseases.
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ABBREVIATIONS

Benign prostatic hyperplasia: BPH

Prostate cancer: PCa

Interleukin-6: IL-6

CDA40 ligand: CD40L

Endothelial-selectin: E-selectin
Platelet-selectin: P-selectin

Vascular cell adhesion molecule-1: VCAM-1
Intercellular adhesion molecule-1: ICAM-1
Standard error of the mean: SEM
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