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Abstract

Background: For many years, prostate-specific antigen (PSA) was used to screen prostate cancer (PC) pa-
tients. However, recent controversial findings have cast doubt on the accuracy of this biomarker for diagnostic
and prognostic purposes, and have stimulated the search for new candidates. This study was conducted to
determine the capability of a soluble adhesion molecule known as soluble vascular endothelial cadherin (SVE-

cadherin) or CD144 to distinguish prostate cancer or benign prostate hyperplasia (BPH) patients from healthy
individuals.

Methods: Patients recently diagnosed as having PC (N=35) or BPH (N=35) and age-matched controls (N=30)
were study enrolled. The concentration of sVE-cadherin and PSA was measured by ELISA. Gleason score in
patients with PC was determined by pathological examination of tumor biopsies.

Results: The concentration of sVE-cadherin in the serum of patients with PC and BPH was significantly higher
than that in the healthy men. No association was found between the concentration of this soluble adhesion mole-
cule and PSA values. Moreover, concentrations of sVE-cadherin did not correlate with Gleason scores in patients
with PC.

Conclusion: The high concentration of sVE-cadherin in our patients suggests that this bio-marker is a potentially
useful tool to identify high-risk patients. However, further research in patients with PC and other pathological

conditions is needed to support the efficacy of this molecule in PC screening.

Keywords: Prostate cancer; Soluble vascular endothelial cadherin; PSA

Introduction

The identification of prostate-specific antigen (PSA)
revolutionized prostate cancer (PC) screening and has
positively impacted PC detection and treatment in the
past two decades. However, the emergence of contro-
versial data has undermined its prognostic signifi-
cance in recent years. Even derivatives of totd PSA
values such as PSA density (PSAD), PSAD of the
transition zone, age-specific values and assessment of
various isoforms of PSA, which have been used by
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different investigators, have not improved the perform-
ance of this biomarker in PC screening and epidemiol -
ogy.! It is now believed that there is no true PSA cutoff
point for identifying PC risk, as in asignificant number
of men who actually have prostate cancer, PSA values
less than 4.0 ng/ml have been found.?

Prostate-specific antigen, an androgen-regulated
serine protease of the tissue kallikrein family, can be
produced by all types of normal, hyperplasic or can-
cerous prostatic cels, with highest levels found in the
transitional zone of the prostate. Moreover, PSA con-
centration can aso be devated in nonmalignant dis-
orders such as benign prostatic hyperplasia (BPH),
infections or chronic inflammation.*> The relation-
ship of PSA levels with tumor grade is not well un-
derstood since it has been suggested that total PSA
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expresson decreases with higher Gleason score®
Therefore, PSA can no longer be considered as a
classical tumor marker for prostate cancer, and novel
approaches with new molecular targets are needed to
detect PC and foretdl the course of the malignancy.

Of the plethora molecules with different roles, the
adhesion molecule known as vascular endothdia cad-
herins (VE-cadherin) has unique features. Also known
as CD144 and cadherin-5, VE-cadherin is an angio-
genesis-related adhesion molecule.” This molecule is a
125-KDa single-pass transmembrane glycoprotein that
associates as cis dimers via the extracd lular domain on
the cdl surface to promote intercellular homophilic
adherence junctions.® The expression of VE-cadherin
complex on the cell surface is thought to be variable
and dynamic depending on the functional state of the
cdl. This cadherin mainly functions to maintain and
restore endothelial integrity, and is involved in deter-
mining the vascular architecture. Inactivation of the
VE-cadherin gene in transgenic mice leads to embry-
onic mortality due to severe vasculogenic defects.®®
The extracdlular part of VE-cadherin can be cleaved
by proteolytic enzymes to give rise to the soluble form,
which is detectable in the serum and is referred to as
soluble cell adhesion molecule.™

Given the importance of angiogenesis for tumor
survival and aggressiveness, in this study we meas-
ured the concentration of serum sVE-cadherin and
PSA in hedlthy individuads, patients with BPH and
patients with PC before therapy, and searched for cor-
rdations between these values, and between each va -
ue and disease score in patients with PC.

Materials and Methods

We studied 35 patients with recently diagnosed pros-
tate cancer (mean age=71.7+7.7 years) and 35 pa
tients with BPH (mean age=71.5+7.5 years). The con-
trol group consisted of 30 men (mean age=66+8.9
years) with no significant prostate or urinary tract
problems and no history of severe metabolic disor-
ders. None of the patients or healthy control partici-
pants had apparent severe infection or autoimmune
disease. All the patients and norma subjects gave
their written informed consent prior to participation in
the study.

Blood samples for sVE-cadherin and PSA mess-
urement were obtained from peripheral blood prior to
therapy for the disease. From blood samples, the sera
were separated by centrifugation at 700 g for 10 min,
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and serum aiquots were stored at —70 °C until the
time of assay.

Serum concentration of sVE-cadherin was mesas-
ured by ELISA (Bender Medsystem, Vienna, Austria)
according to the manufacturer's instructions with a
sengitivity of 0.15 ng/ml. Prostate-specific antigen
concentration was measured by radioimmunoassay
(Spectra, Finland) based on the manufacture's instruc-
tions. All analyses and calibrations were carried out
in duplicate, and intra- and inter-assay variations
were within the range given by the manufacturers.

Statistical analysis was performed with SPSS
software (version 11.5, Chicago, IL, USA) and Prism
Graphpad software. All the results are expressed as
the meantstandard deviation.  Non-parametric
Kruskal-Wallis test was used to compare the values
between different groups. P values <0.05 were con-
sidered statistically significant.

Results

Prostate cancer was confirmed by pathological exami-
nation of prostate biopsies and scored according to the
Gleason system from 4 to 10 (mean=7.11+1.64). Of
these, dmost 37% had a Gleason score of 8-10, and
nearly 50% had a less severe score of 6-7. In the rest
of the patients, the disease score was 4-5 (Table 1).

Table 1: Frequency of patients with prostate cancer
at different Gleason score
Gleason Score No (%)
2(5.7)
2(5.7)
10 (28.6)
7 (20.0)
6(17.1)
4 (11.4)
10 4(11.4)

O©oo~NO O~

Majority of patients scored above 6 of Gleason score.

The concentration of sVE-cadherin as measured
by ELISA was significantly higher in patients with
PC or BPH than in the healthy control participants
(PC=19.61+5.40, BPH=18.10+4.73, Con-
trol=0.4+0.25 ng/ml, p<0.001). However, there was
no difference between patients with ether disease
(Figure 1). Soluble VE-cadherin in patients with PC
or BPH ranged between 10.72 and 36.94 ng/ml, and
between 12.23 and 38.14 ng/ml, respectively; this
vaue in healthy age-matched men was only between
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Fig. 1: Distribution of SVE-C concentration in different samples soluble vascular endothelial cadherin concentration
in serum of patients with prostate cancer (PC), benign prostate hyperplasia (BPH) and healthy men were meas-
ured by ELISA. Much higher sVE-C was detected in serum of patients (PC and BPH) compared to normal indi-

viduals (p<0.0003).

0.34 and 1.39 ng/ml. In patients with PC, there was
no correlation between sVE-cadherin and PSA con-
centration, or between any of these variables and
Gleason score or age. In patients with BPH, there was
no correlation between sVE-cadherin and PSA con-
centration, or between either of these variables and
age. Similarly, no corrdations between any of the
variables were found in healthy individuals. How-
ever, in patients with PC whose Gleason score was
higher than 8, sV E-cadherin content in the serum cor-
related significantly with age (p<0.0013).

Serum PSA concentration in the healthy men

ranged from undetectable to 2.56 ng/ml, while in
patients with PC or BPH, PSA concentrations
ranged from 5.80 to 100.10 ng/ml and 3.10 to 75.20
ng/ml, respectively (Figure 2). The concentrations
were significantly higher in patients with PC and
BPH than in the control group (p<0.001). Also,
mean PSA level in patients with PC was marginally
higher than that in patients with BPH (p=0.032). In
the former group, higher PSA concentrations were
found in patients with higher Gleason scores
(p=0.002), whereas age did not corrdate with Glea-
son score (p=0.199).
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Fig. 2: Distribution of PSA concentration in different samples. Prostate specific antigen (PSA) concentration in se-
rum of patients with PC, BPH and healthy men were measured by ELISA. Much higher PSA was detected in serum
of patients groups (PC and BPH) compared to healthy individuals. The mean concentration of PSA in PC patients
was slightly higher than BPH patients (p<0.03).
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Discussion

The introduction of PSA as a biomarker to identify
those at high risk for PC has saved the life of many
patients worldwide. However, the initial cutoff values
set for PSA may no longer be optimal since PSA lev-
e is neither sensitive nor specific enough for current
clinica needs and yields both false positive and false
negative results within "normal" ranges.*? Moreover,
it has been proved that a significant number of can-
cers remain undetected in patients with low PSA con-
centrations™ although a significant correlation be-
tween PSA concentration and disease score was
found among the PC tested patients in our study. The
authors of “The Prostate Cancer Prevention Trial”'
also concluded that there was no PSA concentration
beow which PC can be ruled out, and no cutoff point
above which PC can be assured. Furthermore, PSA
levels in men who have undergone treatment for PC
are completely independent of the reference ranges.™
Therefore, both dinicians and researchers are actively
seeking to improve the accuracy of PC detection with
new molecular biomarker targets.

The most useful and convenient markers are those
that can be measured in blood samples, which can be
analyzed more easily than tumor biopsies. Recently,
Bensalah comprehensively compared a series of blood-
based biomarkers for PSA, such as early prostate can-
cer antigens, insulin-like growth factor-1 (IGF-I) and
its binding proteins (IGFBP-2 and IGFBP-3), in pa-
tients with PC.”®> None of these markers managed to
identify al the patients with PC among men suspected
of having the disease, so further research is recom-
mended to find one or more new targets.

Vascular endothdlial cadherin is an essential adhe-
sion molecule for angiogenesis, which is a vital proc-
ess for vascularization, growth and metastasis in tu-
mors larger than 2 mm?.'® Immunohistochemical and
redl-time quantitative PCR studies of vascular tissues
have documented that VE-cadherin is a potentially
informative indicator of blood vessd density in can-
cer tissues.”*® VE-cadherin can be shed from vascu-
lar cdls and released to the circulation as a soluble
adhesion molecule. Therefore, the increased concen-
tration of this molecule in the serum may reflect a
high degree of angiogenesis in the tumor or cadherin
production by the tumor itsdlf."*® High concentra-
tions of serum soluble VE-C have been found in pa
tients with atherosclerosis and untreated multiple
myeloma®*# Similarly, increased amounts of SVE-
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cadherin were found in the serum of un-trested pa-
tients with colorectal cancer.?® It has been proposed
that the increase in serum sV E-cadherin may aso be a
protective reaction, since this factor was found to cause
apoptosis and growth inhibition in a breast cancer cdll
line®* Either as cancer enhancer due to its angiogenic
properties, or as an agpoptosis-promoting factor, the
presence of high serum concentration of sVE-cadherin
may identify men a high risk for PC or BPH.

To the best of our knowledge, this is the first
study showing increased concentrations of SVE-
cadherin in the sera of patients with PC and BPH
compared to that in the hedlthy men. Using ELISA
assay with appropriate detection sensitivity, we were
able to show significant differences between serum
content of this soluble adhesion molecule in the
healthy individuals and the patients. This finding is
evidence of the ability of sVE-cadherin to distin-
guish men who are likely to have PC or BPH from
men at no risk; however, it does not appear to dis-
tinguish perfectly between benign and malignant
disease. In spite of the high concentration of SVE-
cadherin in all the patients we tested, this figure did
not correlate with the Gleason score. However, sVE-
cadherin concentration did corrdate with age in pa
tients with PC whose Gleason score was 8-10, a re-
sult suggestive of an association between this
marker and malignancy. Similarly, some studies
have reported a link between TGF and Gleason
score only in high-grade PCs, whereas others have
found no such association.”>

Although our findings provide evidence of a possi-
ble diagnostic role for soluble vascular endothdial
cadherin in patients with PC, further prospective stud-
ies involving follow-up of large groups of patients with
PC, BPH and other related diseases are needed to more
fully elucidate the roles, potential usefulness and clini-
cal importance of this marker.
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