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Abstract

Objective: To investigate the possible association between the anaphylatoxin C3a levels in expressed
prostatic secretion (EPS) and the extent of prostatic inflammation to preliminarily speculate whether the
anaphylatoxin C3a contributes to the progression of benign prostatic hyperplasia (BPH).

Methods: Forty patients with BPH undergoing transurethral resection of the prostate (TURP) were studied.
The EPS was collected for the measurement of anaphylatoxin C3a levels by enzyme-linked immunosorbent
assays (ELISA). According to the grades of prostatic inflammatory infiltrates, the patients were divided into
mild and moderate-severe groups to compare the C3a concentrations in the EPS. The correlations between
anaphylatoxin C3a levels and BPH related clinical factors, such as age, prostate volume and urine WBC,
were analyzed. A receiver-operating characteristic (ROC) curve was used to analyze the anaphylatoxin C3a
levels in the EPS as a screening indicator in the diagnosis of the prostatic inflammation extent in BPH
patients.

Results: A total of 232/240 (96.6%) BPH patients had chronic prostatitis with predominant periglandular
inflammation. Significantly increased levels of C3a were observed in the moderate-severe group compared
with the mild group (mean C3a 638.78 ng/mL vs. 440.74 ng/mL). No statistically significant associations were
found between the anaphylatoxin C3a levels and the age, prostate volume or urine WBC. BPH with moderate-
severe chronic prostatitis and mild chronic prostatitis achieved at the established C3a cut-point was 392
ng/mL.

Conclusions: Anaphylatoxin C3a levels in the EPS are a relative reliable biomarker for evaluating the
prostatic inflammation extent in BPH patients and might be helpful for monitoring the effects of anti-
inflammatory therapies in further studies.
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1. INTRODUCTION and are capable of recognizing foreign incoming
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Benign prostatic hyperplasia (BPH) represents antigens”.

the most common urologic disease among
elderly males and has been a significant health
concern in the aging society *. The pathogenesis
of BPH remains largely unresolved. Several
recent studies have shown that BPH is
frequently associated with chronic inflammatory
infiltrates that are mainly composed of T and B
lymphoid cells and macrophages.
Proinflammatory cytokine interleukins (IL-1,
IL-2, IL-6, IL-8, IL-15 and IL-17) can be found.
Prostatic epithelial cells and stromal cells
express members of the toll-like receptor family
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Like the intestine or the lung, the prostate could
be considered an immune competent organ.
Deregulation of the immune response might
occur in the prostate, inducing prostatic disease.
BPH might be an immune inflammatory
disease®. The complement system is an
important  component of the immune
inflammatory response®®. We hypothesized that
this system might play an important role in the
pathogenesis of BPH.

Anaphylatoxin C3a is a small peptide generated
by complement activation. Anaphylatoxin C3a
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acts as a potent chemoattractant and a
vasodilator, inducing smooth muscle contraction
and histamine release*®. More recent studies
have revealed that, in addition to its traditional
roles in inflammation, anaphylatoxin C3a
significantly influences the adaptive immune
response*®. These studies suggested that C3a
interacting with its receptor C3aR in
macrophages can up-regulate macrophage
function to promote Th1l immune responses’.
Anaphylatoxin plays an important role in
regulating the innate and adaptive immune
inflammatory responses.

In our study, we analyzed the anaphylatoxin C3a
in the expressed prostatic secretion (EPS) in
BPH patients, and we attempted to investigate
the possible association between the C3a levels
in EPS and the extent of prostatic inflammation
to preliminarily speculate whether
anaphylatoxin  C3a  contributes to the
pathogenesis and diagnosis of BPH.

2. METHODS
2.1.Participants

A total of 240 consecutive patients diagnosed
with BPH were recruited to participate in the
study betweenSeptember 2011 and March 2015.
Participants were excluded if they had a
preoperative diagnosis of prostatic carcinoma,
previous prostatic surgery, symptoms related to
prostatitis or a history of a documented urinary
tract infection. All of the BPH patients were
scheduled for transurethral resection of the
prostate (TURP). This study was approved by
the Medical Ethics Committee of Peking
University Shenzhen Hospital. All of the
participants provided written informed consent
before participating in the study.

2.2.Clinical and Laboratory Data Collection

The clinical data, including the age, serum PSA,
concomitant disease and medical history were
obtained. A urinalysis was performed before the
TURP and was regarded as abnormal when the
white blood cell (WBC) count exceeded five per
high power field (HPF). For the International
Prostate Symptom Score (IPSS), a validated
eight-item questionnaire was used to assess
lower urinary tract symptoms (LUTS) (7). All of
the participants underwent digital rectal
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examination and transrectal ultrasonography.
The prostate volume (PV) was calculated using
the following formula: 0.52xanterior-posterior
diameter (cm) xtransverse diameter (cm)
xsuperior-inferior diameter (cm) (8). The
Medical Therapy of Prostatic Symptoms
(MTOPS) Study (9) suggested that age>62 years
or PV >31 mL were relative influencing factors
for which BPH patients are most likely have
clinical progression. Based on this, the patients
were grouped. The EPS was obtained by
prostatic massage (PM) and then collected to a
cryovial by a sterile operation immediately
before the TURP. The EPS was stored at —20 °C
for approximately 2 h and then transferred into a
refrigerator for storage at —80 °C until the EPS
was used for cytokine analyses.

2.3. The Diagnostic Standard of the Extent of
Prostatic Inflammation in BPH

During the TURP, the resected prostatic tissues,
bigger and less burning were collected under
sterile conditions, and they were washed
repeatedly with sterile normal saline. The
samples were fixed in 10% neutral-buffered
formalin and embedded in paraffin following
routine histologic techniques. The sections (5
um) were stained with hematoxylin and eosin
(HE). According to the North American Chronic
Prostatitis Collaborative Research Network and
International Prostatitis Collaborative Network
(10), the grades of the prostatic inflammatory
infiltrates are mild, moderate or severe, and the
anatomical locations are periglandular, glandular
and stromal. Our experienced pathologist
adopted the histopathological classification
system for chronic prostatic inflammation in
BPH tissues.

2.4.The Expression of C3a in EPS Examined
by ELISA

The anaphylatoxin C3a levels were measured
using commercial enzyme-
linkedimmunosorbent assay (ELISA) Kkits
(Amersham, Buckinghamshire, UK). These
assays use the quantitative sandwich enzyme
immunoassay technique and are specific for
C3a, with a minimum detectable dose of 5
pg/mL. The assays were optically read at 450
nm in an ELISA plate reader (Bio-Rad
Laboratories, Hercules, CA) within 30 min. The
C3a concentrations were determined by
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comparisons with a standard curve with a five-
parameter curve-fit analysis program.

2.5. Statistical Analysis

All of the analyses were performed on SPSS
13.0 for Windows (SPSS Inc., Chicago, IL,
USA). The continuous variables were
represented as the meantstandard deviation
(SE), and the categorical data were represented
by the number and percentage. Differences
among two or more than two groups were
assessed by a one-way analysis of variance test.
Pearson correlation analysis was used to assess
the correlations between the groups. A receiver-
operating characteristic (ROC) curve was used
to analyze the C3a levels in the EPS as a
screening indicator in diagnosis of the extent of
prostatic inflammation in BPH patients. P<<0.05

was defined as significant.
3. RESULTS

Of the BPH patients included in the study,
232/240 (96.6%)had chronic prostatitis (CP).
The general characteristics of the enrolled
patients are shown in Table 1. There were no
statistically  significant associations found
between the extent of prostatic inflammation
and the mean age, PSA, total IPSS or prostate
volume (P=.076, P=.531, P=.306 and P=.142,
respectively) (Table 1).To evaluate the effect of
the related clinical factors, the age (>62 y; <62
y), prostate volume (>31 mL; <31 mL) and
urine WBC (=>5/HP; <5/HP) and the C3a
concentrations in the EPS were compared (Table
2). No statistically significant differences were
found (P=.138, P=.209, P=.925, respectively.

Tablel.Baseline characteristics of the BPH with CP patients

Characteristic Mild Moderate-Severe P
Patient (n) 138 102

Mean Age (years) 72.80+£12.04 70.10+7.12 .076
PSA (ng/mL) 4.79+1.96 5.51+4.20 531
Total IPSS 22.04+4.12 20.50+5.15 .306
Prostate volume (mL) 55.41+26.09 46.78+22.23 142
C3a (ng/ml) 440.74+161.15 638.78+166.56 .001

BPH=benign prostatic hyperplasia; CP=chronic prostatitis; PSA= prostate specific antigen; IPSS=

International Prostate Symptom Score.

All values are mean£SE; P <<0.05 was defined as significant.

Table2. The relationships between C3a level in EPS and related clinical factors

clinical factors Groups Numbers C3a (ng/mL) P
Age >62y 174 548.55+101.56 138
<62y 66 422.64+149.09
prostate volume >31mL 192 533.32+£175.61 .209
<31lmL 48 436.36+251.50
urine WBC >5/HP 42 502.28+201.59 925
<5/HP 198 512.58+251.50

EPS= expressed prostatic secretion; WBC=White blood cells; HP=high power field.

All values are mean£SE; P <<0.05 was defined as significant.

For the grades of the extent of prostatic
inflammation, the C3a concentration differences
in the EPS were analyzed. Significantly
increased levels of C3a were observed in BPH
patients with moderate-severe chronic prostatitis
compared with BPH patients with mild chronic
prostatitis (mean C3a 638.78 ng/mL vs. 440.74
ng/mL, P=.001). These results suggested that the
C3a concentration in the EPS could be a
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biomarker for evaluating the extent of prostatic
inflammation in BPH patients.

A receiver operating characteristic (ROC) curve
was used to analyze the C3a level in the EPS as
a screening indicator in the diagnosis of the
extent of prostatic inflammation in BPH
patients. The largest relative sensitivity and
specificity for distinguishing BPH with
moderate-severe chronic prostatitis and mild
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chronic prostatitis achieved at the established
C3a cut-point of 392 ng/mL were 94% and 45%,

respectively (Fig. 1).
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Figurel.The ROC curve of the anaphylatoxin C3a levels in EPS for the prostatic inflammation extent (mild and
moderate-severe) in BPH patients with CP (AUC=0.804, 95%CI (confidence interval) [0.669-0.940]).

4. DISCUSSION

The complement system consists of a tightly
regulated network of proteins that play an
important role in host defense and inflammation.
Inappropriate  complement activation and
complement deficiencies are the underlying
cause of the pathophysiology of many diseases,
such as systemic lupus erythematous and asthma
in BPH*®, evidence indicates that chronic
immune inflammation has a crucial role in the
development of the disease, but correlational
studies between the complement system and
BPH are rare. Doble A et al. demonstrated that
complement (C3) deposition in prostatic tissue
was significantly correlated with poor urinary
flow, irritative voiding and urgency ™. Yi FX et
al. ™ found that a high concentration of C3 in the
PF is a risk factor for the extent of prostatic
inflammation and prostatic infections (P=0.035
and 0.003, respectively). Our study showed, for
the first time, a correlation between the levels of
C3a in the EPS and the extent of prostatic
inflammation in BPH patients.

Anaphylatoxin C3a is a small peptide with a
molecular mass of approximately 10 kDa. It
consists of 76 amino acids **. Anaphylatoxin
C3a occurs in a variety of cells (e.g.,
monocytes/macrophages,  neutrophils,  mast
cells, endothelial cells and epithelial cells) and
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tissues/organs (e.g., lung, kidney) constitutively
or in response to various stimuli (infectious or
non-infectious).

In our study, the association between the C3a
levels in the EPS and the extent of prostatic
inflammation was significant. With increased
levels of C3a in the EPS increased, there was an
increased extent of prostatic inflammation in
BPH with CP. We found that related clinical
factors, such as age, prostate volume and
abnormal WBC count in the urinalysis, had no
significant relationship with the C3a levels in
the EPS. These factors may have little impact on
its levels.

By ROC curve analysis, we discovered that with
C3a levels up to 392 ng/mL, approximately 94%
of BPH patients might have moderate-severe
chronic prostatitis. The results described earlier
indicated that the C3a concentration in EPS
could be a biomarker to preliminarily evaluate
the extent of prostatic inflammation in BPH
patients.

Because prostatic inflammation is associated
with prostate enlargement and symptomatic
BPH, inflammation may be considered a
therapeutic target in BPH (14). Some anti-
inflammatory agents have been tested in vitro
and in vivo for the treatment of BPH. These
anti-inflammatory agents include ibuprofen,
cyclooxygenase-2 (COX-2) inhibitor
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(celecoxib), diclofenac, phytotherapy
(Serenoarepens) *°. These agents were found
to achieve better therapeutic effects in BPH
related symptoms. For BPH patients with
inflammation, we should advocate for anti-
inflammatory therapies and close surveillance,
but reliable biomarkers have not yet been
validated to detect prostatic inflammation in
routine clinical practice. Serum
malondialdehyde (MDA), serum C reactive
protein (CRP) and IL-8 in PF have been
proposed as indicators in some studies 2%,

In present study, the C3a levels were measured
using ELISA. This technology has the
advantages of lower cost and easy operation.
Measuring the C3a levels in the local EPS
instead of in serum could reduce the interference
of various factors and more accurately reflect
the local prostatic microenvironment. The C3a
concentration in EPS may be helpful for the
preliminary evaluation of the extent of prostatic
inflammation in BPH patients and for
monitoring the effects of anti-inflammatory
therapies and adjusting the therapeutic regimen
in routine clinical practice.

Anaphylatoxin C3a had been traditionally
known to induce smooth muscle contraction and
the histamine release from mast cells and for
enhanced vascular permeability. It mediates
chemotaxis, inflammation and the generation of
cytotoxic oxygen radicals. Anaphylatoxin C3a
plays important roles in the induction and
regulation of the innate immune inflammation
responses. Recent studies suggest that
anaphylatoxin C3a acts through its on its
receptor C3aR, which belongs to the G-protein
coupled receptor family and is expressed on
innate immune cells such as macrophages, to
regulate the adaptive immune response and
significantly influence immunological diseases*
® Zhou et al. ?® showed that peritoneal
macrophages derived from C3 deficient mice
(which are unable to generate C3a) had a
lowered surface expression of MHC class Il and
a reduced ability to elicit all specific Thl
responses in vitro and in vivo. That suggested
that C3a interacting with its receptor in
macrophages can up-regulate macrophage
function to promote Thl immune responses.
Macrophages can make up 15% of the
inflammatory infiltrate in BPH. We suspect that
increased anaphylatoxin C3a levels in the EPS
might lead to increased macrophage infiltration
in BPH tissue. Macrophage infiltration might
promote Thl immune responses by up-
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regulation of the MHC class Il antigen human
leukocyte antigen (HLA)-DR, which has been
demonstrated in BPH *. The persistence of
inflammation in the prostatic tissue might cause
the anaphylatoxin C3a to continuously stimulate
macrophages,  those  changed  prostatic
microenvironment and might cause T-cell
aggregation and inflammatory cytokine release.
The stromal—epithelial interactions eventually
lead to the development and growth of the
prostate gland and BPH.

We speculated that anaphylatoxin C3a might
play an important role in the occurrence and
development of prostatic inflammation and
might contribute to the pathogenesis of BPH.
We do not currently know much about the
precise role of anaphylatoxin C3a in prostatic

tissue. Novel treatment strategies, such as
individual immune regulation, should be
considered.

5. CONCLUSIONS

Anaphylatoxin C3a as an important component
of the complement system, and its levels in EPS
might be a reliable biomarker for evaluating the
extent of prostatic inflammation in BPH patients
and for preliminarily monitoring the effects of
anti-inflammatory therapies. By regulating the
innate and adaptive immune response,
anaphylatoxin C3a might play an important role
in the pathogenesis and progression of BPH and
chronic prostatitis. Our results require future
prospective studies with larger samples. These
studies are needed to confirm our results and to
explore the precise mechanism of anaphylatoxin
C3a in the pathogenesis and progression of
prostatic diseases.
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