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Abstract: PSA may be elevated in non-malignant conditions such as prostatitis and leads to unnecessary prostate
needle biopsy. Urine prostatic exosomal protein (PSEP) has been proved to be a promising biomarker of prostatic
inflammation. The aim of this study is to determine the relationships between PSEP and the diagnosis of prostate
cancer (PCa), and their association with histologic prostatic inflammation. Prostate needle biopsies from 674 patients were evaluated for the presence of histological inflammation and PCa. The urine PSEP levels were measured
using an enzyme-linked immunosorbent assay kit. 286 cases were diagnosed as PCa and prostatic inflammation
was observed in 33.7% of the biopsies. The presence of histological inflammation was significantly associated with
a lower PCa risk (P < 0.001). The urine PSEP levels was significantly lower in PCa patients compared to the controls
(P = 0.003). When subanalyzed by PSA levels, the difference was more evident in cases with PSA 4-10 ng/ml (P =
0.039). The urine PSEP levels was correlated with histological inflammation on prostate needle biopsy (P = 0.018,
r = 0.12). Urine PSEP examination may be helpful to eliminate false positive PSA levels due to prostatic inflammation
and reduce unnecessary prostate needle biopsy in cases with PSA grey zone.
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Introduction
Prostate cancer (PCa) is usually suspected on
the basis of elevated prostatic specific antigen (PSA) levels. Men with a positive PSA test
result may undergo a transrectal ultrasoundguided core needle biopsy of the prostate to
diagnose PCa. PSA is organ but not cancer-specific, therefore, it may be elevated in benign
prostatic hypertrophy, prostatitis and other
non-malignant conditions [1]. Of biopsies performed, 60.6%-75.8% cases did not result in a
PCa diagnosis [2, 3].
Considering that inflammatory infiltrate is a
common histological finding on prostate needle
biopsy, varying from 68% to 82% [4], it is an
important factor contributing to increased levels of PSA in men without PCa. Unfortunately,
most prostatic inflammation are asymptomatic

and can be detected only upon histological
examination of a prostate specimen [5]. For
urologists, a predisposing marker to eliminate
false positive PSA levels due to prostatic inflammation would considerably avoid unnecessary prostate needle biopsy.
Prostasomes are extracellular vesicles produced by prostatic epithelial cells and excreted
with urine [6]. Over 400 distinct protein compositions of prostasomes have been identified.
Among these proteins, prostatic exosomal protein (PSEP) has been proved to be a promising
marker of prostatic inflammation [7].
To date no studies have looked for associations
between PSEP and risk of PCa. Herein, we evaluated the relationships between PSEP and the
diagnosis of PCa, and their association with
histologic prostatic inflammation.
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Transrectal Ultrasound Guided Prostate Needle
Results
Biopsy Prostate needle biopsy was performed
as an out patient procedure under local anesA total of 674 participating patients were anathesia. An end-fire ultrasound transducer (Fallyzed. PCa was identified in biopsies from 286
con 2101, B-K Medical, Inc.) and a 16-gauge
cases. There were significant age and PSA levautomated biopsy needle (Bard, Inc.) were
els difference between the cancer and nonused. A minimum of 12 cores were obtained,
cancer group (P < 0.001, Table 1). In general,
and two to eight additional cores were taken
histological inflammation was a frequent findas determined by age and prostate volume.
ing, observed in the biopsy specimens from
Tissue specimens were fixed in 10% buffered
227 (33.7%) patients. A significant but inverse
formalin, processed and subjected to H&E
association was found between presence of
staining according to routine protocol.
inflammation and presence of PCa (P < 0.001,
Table 1). PCa cases had lower levels of PSEP
Clinical and demographic data were abstractcompared with normal subjects (P = 0.003,
ed from patients’ medical records. Diagnoses
Table 1).
of prostatic inflammation were based upon histology by experienced pathologists. The presIn PSA levels stratified analysis, the presence
ence of prostatic inflammation was defined as
of prostatic inflammation were more promipresence of inflammatory cell infiltration in the
nently in cases with PSA 4-10 ng/ml than in
glands and stroma of the prostate, using the
cases with the other two PSA levels (P =
Histopathological Classification System of Pro0.002, Table 2). Accordingly, decreased levels
static Inflammation [8].
of PSEP were still associated with an increased risk of PCa in cases with PSA 4-10 ng/ml (P
PSEP measurement
= 0.039, Figure 1). This association was not
observed in the other two PSA levels (P =
In order to minimize the bacterial interference,
0.564 and 0.379, respectively). An ROC curve
midstream urine samples were collected withTable 1. Characteristics of prostate needle biopsy cases
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alence is variable, perhaps because
the inflammation is not frequently
PSA ≤ 4
PSA 4-10
PSA > 10
P value
reported by pathologists [8]. In this
ng/ml
ng/ml
ng/ml
study we report a high prevalence
Inflammation No 12 (60.0%) 145 (58.5%) 274 (71.9%) 0.002
of prostatic inflammation on prosYes 8 (40.0%) 103 (41.5%) 107 (28.1%)
tate needle biopsy. Multiple previous studies have evaluated the relationship between inflammation and the subsequent diagnosis of PCa and have reached
differing conclusions. Iczkowski et al. reported
that atrophy with inflammation showed some
preferential spatial association to PCa [9]. Benedetti et al. and Gurel et al. found that prostate inflammation was associated with a higher
incidence of PCa while some studies presented
that inflammation in benign prostate is inversely associated with future PCa risk. Metaanalyses by Dennis [10] and Jiang [11] et al.
showed a positive association between clinical
prostatitis and PCa. These studies comprised
Figure 1. Urine PSEP levels in prostate needle biopsy
pooled analyses of cohort or case-control studcases with PSA 4-10 ng/ml.
ies and the presence or absence of prostatitis
was determined by chart review or personal
interview. While these studies provide an imwas developed to identify the cut-off value disportant clinical link between clinical prostatitis
tinguishing men with PCa from controls in PSA
and PCa, they relied on patient definitions and
4-10 ng/ml group. Youden’s Index reached a
recall of prior prostatitis, which may be vulnermaximum at a cutoff value of 0.35 ng/ml. The
able to recall bias. Moreover, clinical prostatitis
diagnostic sensitivity was 62.2%, and the specis not always accompanied by histological signs
ificity was 72.4%. The negative predictive value
of inflammation and vice versa. Thus, these
was 89.6% and positive predictive value was
studies are not well suited to determine the
34.6%. In multivariate logistic regression analyassociation of histological inflammation and
sis, PSEP levels < 0.35 ng/ml was not signifiPCa. Similar with our results, a meta-analysis of
cantly associated with PCa risk in PSA grey
25 studies reported that histological inflammazone. Compared with men with PSEP levels <
tion on prostate needle biopsy was associated
0.35 ng/ml, men with PSEP levels > 0.35 ng/
with a lower PCs risk [12].
ml were associated with a decreased risk of
PCa (OR: 0.57, 95% CI = 0.29-1.12, P = 0.102).
Prior studies have shown that asymptomatic
When the cut off value was 5.52 ng/ml, using
histological inflammation and latent infection
PSEP levels would screen out 90% of PCa
are common findings in men, particularly those
patients with PSA 4-10 ng/ml.
with benign prostatic hyperplasia and concomitant urological conditions [13]. Given that subThe PSEP levels were positively correlated with
clinical inflammation may be present in many
prostatic inflammation (P = 0.018, r = 0.12).
men, in our study we used histology to better
The PSEP levels were higher in urine isolated
determine the association between histological
from prostatic inflammation patients [1.04
inflammation and the subsequent development
(-6.52-18.8) ng/ml] compared with normal subof PCa. The high prevalence of inflammation in
jects 0.76 (-7.28-18.5) ng/ml, P = 0.048]. The
pathological samples of prostate tissue from
difference was more prominently in cases with
surgery or biopsy suggested a possible link
PSA 4-10 ng/ml (Table 3).
between inflammation and PCa.
Discussion
While the molecular pathogenesis of PCa has
Inflammatory infiltrates are frequently found in
been characterized by genes and proteins
routine biopsies performed, although the previnvolved in pro-inflammatory pathways, previTable 2. PSA levels and Histological prostate inflammation
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Table 3. Urine PSEP levels stratified by PSA levels
Without Inflammation With Inflammation P value
PSA, ng/ml ≤ 4
1.46 (-4.99-8.29)
-0.028 (-0.44-2.57) 0.280
4-10
0.98 (-3.06-16.8)
1.27 (-3.50-18.8) 0.027
> 10
0.72 (-7.28-18.5)
0.94 (-6.52-13.8) 0.061

ous study has shown that inflammation has a
protective role on PCa incidence [12]. The ability of premalignant cells to evade and downregulate the host immune defenses determines
the survival and neoplastic potential of premalignant cells. The inflammatory response can
prevent this carcinogenesis by recognizing and
eliminating tumor specific antigens, a process
known as immunosurveillance. Therefore, in
the PCa milieu a balance exists between immune system up-regulation and downregulation. Inflammation is a hallmark of immune
system up-regulation. Thus, it is plausible that
it favors host defense mechanisms with a lower risk of PCa in the current study. Our results
implicate inflammation and immunomodulation
as candidate targets for pharmacological intervention to prevent and potentially treat PCa.
Proteomic profiling of prostasomes isolated
from urine identified hundreds of proteins,
many of which can serve as biomarkers for
prostate diseases was recently validated for
prostate cancer and prostatitis [6]. One advantage of collecting prostasomes from urine,
as compared with blood, is that such isolates
are more enriched in prostasomes relative to
other constituents [6]. Cells and most apoptotic bodies are considerably larger than prostasomes and can thus be easily separated from
prostasomes by differential centrifugation. In
a recent study, PSEP displayed sensitivities
above 60% at 94.2% specificity at a detection
threshold with positive values for prostatitis
patient samples and negative values for control
samples [7]. Compared with expressed prostatic secretions, urine PSEP measurement was
more convenient and less painful. In the current study, the PSEP levels were positively correlated with prostatic inflammation as expected. It is noteworthy that The PSEP levels were
significantly lower in urine isolated from PCa
patients with PSA 4-10 ng/ml compared with
normal subjects. Histological inflammation was
more frequently found (41.5%) in cases within
PSA grey zone, which may account for the difference we observed. As a potential biomarker
for prostatic inflammation, urine PSEP may be
helpful to eliminate false positive PSA levels
1077

due to prostatic inflammation
and reduce unnecessary prostate needle biopsy in cases within PSA grey zone.

There are several potential implications of our study. Since we
found that histological prostate
inflammation is associated with lower PCa risk,
followup guidelines for these patients might be
adjusted for the reduced PCa risk. As such, our
results encourage pathologists to systematically evaluate and report prostate inflammation
on biopsy as it may have implications for a
repeat prostate biopsy strategy. Furthermore,
the use of urine PSEP examination to predict
prostatic histological inflammation is appealing, which could potentially allow for more tailored prostate needle biopsy decision.
This study had the limitation of not being
designed to explore the mechanisms linking
inflammation to lower prostate carcinogenesis.
With these implications, studies evaluating
the biology of inflammation and how it relates
to carcinogenesis are needed since they may
identify areas for PCa prevention therapies. As
a non-invasive method, PSEP will be helpful to
discriminate prostatic inflammation from PCa
based on the relatively high negative predictive
value. While the relatively small sample size of
men in PSA grey zone in the current study might
limit the power to reveal an optimal PSEP cutoff which should be confirmed in a larger-scale
study.
In conclusion, histological inflammation was
associated with lower PCa risk. Urine PSEP levels were correlated with histological inflammation on prostate needle biopsy. The urine
PSEP levels were significantly decreased in PCa
patients with PSA 4-10 ng/ml.
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