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Abstract: The purpose of this study is to identify significant immune-system related for symptom of patients with 
prostatic inflammation in order to investigate the etiology of prostatic inflammation which may relate to potentially 
chronic prostatitis (CP). We investigated the expression of immune system-related biomarkers such as Interleukin 
(IL) -6 (humoral immunity), CD-3 (T-lymphocyte), and CD-163 (macrophage) in prostate biopsy (PBx) specimens 
from patients with prostatic inflammation (without cancer) which had been neither clinically diagnosed benign pros-
tatic hyperplasia nor chronic prostatitis. We examined the correlation between these markers’ expressions and the 
symptom scores using the National Institutes of Health-Chronic Prostatitis Symptom Index (NIH-CPSI), International 
Prostate Symptom Score (IPSS)/quality of life (QOL) which are the index for lower urinary tract symptoms (LUTS). Our 
results showed CD-163 (macrophage) reflected pain or discomfort on NIH-CPSI scores (P = 0.0389 and r = 0.3307) 
in the patients with prostatic inflammation; however, the control patients had no significant correlation between 
symptom scores and those immune-related markers’ expression. These results suggest that pain or discomfort 
related to macrophages in the relationship between immune-system and the symptom of prostatic inflammation. 
In conclusion, CD-163, related to immune-system (macrophage), correlated with symptoms (pain or discomfort) of 
prostatic inflammation and might represent a significant immune-system related biomarker for pain or LUTS score 
in potentially CP. 
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Introduction

Chronic prostatitis (CP) is a complex condition 
in terms of its etiology, patient symptoms and 
treatments [1]. Nickel identified 5 research 
emphases for CP: clinical syndrome, etiology/
pathogenesis, NIH classification, lower urinary 
tract evaluation, and treatment [2]. CP is some-
times accompanied by psychiatric characteris-
tics [3] and patient complaints are complicat-
ed, making the diagnosis even more difficult. 
Moreover, CP patients can easily relapse, partly 
because of the complexity of CP, which has 
numerous etiological, pathophysiological, 
endocrine, neurological, and infective factors 
[4].

The National Institutes of Health-Chronic 
Prostatitis Symptom Index (NIH-CPSI), devel-
oped to assess symptoms and quality of life 
(QOL) in CP patients [5], has demonstrated 
good reliability, validity, and responsiveness to 
change, and it has been used as the primary 

outcome variable in several large-scale treat-
ments studies of CP [6-8]. 

Desireddi et al. suggested the possibility that 
biomarkers related to CP might include chemo-
kines from monocytes or macrophages [9]. 
CD-3, a T lymphocyte marker, is expressed 
inflammatory disease along with moderate lev-
els of IL-6 which relates to humoral immunity 
and a potentially important mediator of this pro-
cess is CD-163, a macrophage-specific mem-
ber of the scavenger receptor cysteine-rich fam-
ily [10]. On the other hand, Macoska stated that 
specimens with benign prostatic hyperplasia 
(BPH)/lower urinary tract symptoms (LUTS) 
showed inflammatory infiltration contained 70% 
T-lymphocytes, 15% B-cells, and 15% both 
macrophages and mast cells; therefore, we 
chose the markers significant for LUTS as men-
tioned above [11]. 

In this study, we investigated to identify the cor-
relation of immune-system markers with the 
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symptom of prostatic inflammation in order to 
identify the occurring events in tissues of 
potentially CP using the markers, Interleukin 
(IL) -6 (humoral immunity), CD-3 (as a 
T-lymphocyte marker), and CD-163 (as a macro-
phage marker) with NIH-CPSI symptom scores 
and the International Prostate Symptom Score 
(IPSS)/QOL score in those patients [12].

Materials and methods

Patients

Data were analyzed from 40 consecutive 
patients diagnosed with prostate inflammation 
(without benign prostatic hyperplasia) after a 
finding of lymphocytic infiltration in prostate 
biopsy (PBx) specimens from patients with sus-
pected prostate cancer between February 
2009 and October 2011 in the Department of 
Urology, Kobe University Hospital. Ten control 
cases with no findings of inflammation or can-
cer in PBx results were also investigated. All 
these 50 patients had no diagnoses of benign 
prostatic hyperplasia or clinically chronic pros-
tatitis. The median age was 69 (54-80) in the 
patients with prostate inflammation and was 
69 (54-81) in the control cases (P > 0.05). Data 
were gathered and analyzed retrospectively. 
The study was approved by IRB at this 
institution. 

Symptom scores

We evaluated the patients’ symptom as follows: 
1) NIH-CPSI scores classified under each symp-

tom such as pain or discomfort, urination, 
impact of symptom, QOL and total scores. 2) 
IPSS/QOL classified under each symptom cat-
egory such as incomplete emptying, diurnal fre-
quency, intermittency, urgency, weak flow, 
straining to void, frequency at night, subgroups 
(voided and storage symptoms), and total 
scores classified under each symptom catego-
ry such as diurnal frequency, frequency at night, 
urgency, incontinence and total scores. NIH-
CPSI and IPSS/QOL were questioned prior to 
PBx. The obtained core number of PBx was 12 
and prostate inflammation was diagnosed as 
the fraction of tissue (i.e. grandular, perigran-
dular and stromal) involved by inflammatory 
cells as neutrophil and lymphocyte including 
macrophage [13]. 

Immunohistochemistry

The expression of potential biomarkers (IL-6, 
CD-3 and CD-163) was investigated by immu-
nohistochemistry (IHC) using PBx specimens. 
IHC staining of PBx specimens was performed 
as previously described [14]. Briefly, formalde-
hyde-fixed, paraffin-embedded tissue sections 
cut at 3-5 µm from PBx specimens were depar-
affinized by xylene and rehydrated in decreas-
ing concentrations of ethanol. After blocking 
endogenous peroxidase with 3% hydrogen per-
oxidase in methanol, sections were boiled in 
0.01 M citrate buffer for 10 minutes and incu-
bated with 5% normal blocking serum in Tris-
buffered saline for 20 mins. The sections were 
then incubated with anti-human IL-6 rabbit 
polyclonal antibody (Santa Cruz Biotechnology, 
Dallas, Texas, USA), anti-human CD-3 rabbit 
monoclonal antibody (Epitomics, Burlingame, 
California, USA), and anti-human CD-163 
mouse monoclonal antibody (Abnova, Jhongli, 
Taiwan). The sections were then incubated with 
biotinylated goat anti-mouse or rabbit IgG 
(Vector Laboratories, Burlingame, California, 
USA). After incubation in avidin-biotin peroxi-
dase complex for 30 mins, the samples were 
exposed to diaminobenzidine tetrahydrochlo-
ride solution and counterstained with methyl 
green (Vector Laboratories) or hematoxylin. 
Negative controls (absence of primary anti-
body) were included for each antibody.

IHC staining results were scored by two observ-
ers who were blinded to the data from the NIH-
CPSI and IPSS/QOL. For all the potential bio-
markers tested (IL-6, CD-3, and CD-163), cyto-
plasmic staining was considered as positive 

Figure 1. Typical outcomes of immunohistochemical 
(IHC) staining of prostatic inflammation specimens 
with IL-6 antibody were shown. Strong cytoplasmic 
expression of IL-6 was shown. The magnification 
power was 200 times.
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and if more than 10% of the cells were stained, 
gene expression was considered as positive. 
Staining was scored as follows: (0): one or little 
staining in < 10% of cells, (1+): faint, partial 
staining in > 10% of cells, (2+): weak to moder-
ate, complete staining in > 10% of cells, (3+): 
strong, complete membrane staining in > 10% 
of cells [15] as shown in Figure 1.

In order to detect biomarkers for potentially CP, 
we investigated the protein expressions of IL-6, 
CD-3 and CD-163 in PBx specimens. We statis-
tically correlated the expressions of these 
markers with symptoms using NIH-CPSI scores 
and IPSS/QOL as mentioned above especially 
in each symptom or each symptom group such 
as storage or voiding symptom. 

Statistical analyses

Statistical analysis was conducted with the 
JSTAT-Java Virtual Machine Statistics Monitoring 
Tool (Sun Microsystems, Inc., Santa Clara, 
California, USA) using Student’s t-test and the 
Spearman rank-order correlation for the corre-
lation of the potential biomarkers (IL-6, CD-3, 

and CD-163) with CP-related symptoms such 
as pain or LUTS. Statistical significance was 
established at P < 0.05.

Results

Symptom scores (NIH-CPSI and IPSS/QOL)

The patients with prostatic inflammation had 
NIH-CPSI scores of 4.15 ± 3.56 (control 
patients without prostatic inflammation: 0), 
4.40 ± 2.59 (control: 3.00 ± 1.55), 3.05 ± 1.88 
(control: 1.70 ± 0.64), 3.63 ± 1.56 (control: 
2.80 ± 0.75) and 15.44 ± 8.12 (control: 7.50 ± 
2.25) in pain or discomfort, urination, impact of 
symptom, QOL and total score, respectively 
(Tables 1 and 3).

They had IPSS scores of 1.93 ± 1.53 (control: 
1.40 ± 0.80), 2.60 ± 1.41 (control: 1.60 ± 
1.20), 2.15 ± 1.55 (control: 0.80 ± 0.87), 2.20 
± 1.60 (control: 0.70 ± 0.64), 2.88 ± 1.34 (con-
trol: 1.40 ± 0.80), 1.68 ± 1.53 (control: 0.60 ± 
0.66), 2.28 ± 1.11 (control: 1.40 ± 0.66), 6.70 
± 3.82 (control: 2.80 ± 2.04), 9.10 ± 4.50 (con-
trol: 5.00 ± 2.28) and 15.83 ± 7.90 (control: 

Table 1. Correlation (p-value) of significant immune-system related biomarkers for NIH-CPSI scores in 
the patients with prostate inflammation

pain or discomfort urination Impact of symptom QOL total
scores 4.15 ± 3.56 4.40 ± 2.59 3.05 ± 1.88 3.63 ± 1.56 15.44 ± 8.12
IL-6 n.s.* n.s. n.s. n.s. n.s.
CD-3 n.s. n.s. n.s. n.s. n.s.
CD-163 0.0389** (r = 0.3307) n.s. n.s. n.s. n.s.
*n.s.: not significant. **bold: statistically significant.

Table 2. Correlation (p-value) of significant immune-system-related for IPSS/QOL in the patients with 
prostate inflammation

incomplete 
emptying diurnal frequency intermittency urgency  weak flow straining to void

scores 1.93 ± 1.53 2.60 ± 1.41 2.17 ± 1.55 2.20 ± 1.60 2.88 ± 1.34 1.68 ± 1.53

IL-6 n.s. n.s. n.s. n.s. n.s. n.s.

CD-3 n.s. 0.0387** 
(r = -0.3310)

n.s. n.s. n.s. n.s.

CD-163 n.s. n.s. n.s. n.s. n.s. n.s.

frequency at night voided symptoms*** storage symptoms**** Total QOL

scores 2.28 ± 1.11 6.70 ± 3.82 9.10 ± 4.50 15.83 ± 7.90 3.73 ± 1.52

IL-6 n.s. n.s. n.s. n.s. n.s.

CD-3 n.s. n.s. n.s. n.s. n.s.

CD-163 n.s. n.s. n.s. n.s. n.s.
*n.s.: not significant. **bold: statistically significant. ***voided symptoms consist of intermittency, weak flow, and straining to void. ***storage symp-
toms consist of incomplete emptying, diurnal frequency, urgency, and nocturia.
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7.80 ± 3.63) in incomplete emptying, diurnal 
frequency, intermittency, urgency, weak flow, 
straining to void, frequency at night, voiding 
symptoms, storage symptoms and total score, 
respectively, and 3.73 ± 1.52 (control: 2.80 ± 
0.75) in QOL (Tables 2 and 4). 

Correlation between potential biomarker ex-
pression and symptom scores

Our statistical data showed that in our tested 
immune-related markers, CD-163 significantly 
reflected pain or discomfort on NIH-CPSI scores 
(P = 0.0389 and r = 0.3307) and CD-3 had a 
negatively significant impact on diurnal fre-
quency on IPSS scores (P = 0.0387 and r = 
-0.3310) in the patients with prostatic inflam-
mation. There was no significant correlation 
between any of these 3 markers’ expressions 
and NIH-CPSI and IPSS/QOL in the 10 control 
patients with no inflammation (P > 0.05) (Tables 
1-4, Figures 1-6).

Discussion

CP is notorious for its complex symptoms and 
etiology and its pathogenesis is not fully under-

stood [16, 17]. A possible explanation for the 
deferred pain in CP is that the pathogenesis of 
CP involves inflammation initiator stimulus with 
allodynia and hyperalgesia [18]. CP may have 
inflammatory or non-inflammatory etiologies [4, 
19-21]. We therefore planned the histological 
evaluation of potentially CP patients using the 
markers relating to immune-systems for the fol-
lowing reasons: 1) The difficulty in CP diagnosis 
may result from heterogeneous etiologies and 
symptoms [22]; 2) Immunologic factors may 
play a role in the development and mainte-
nance of symptoms from prostatic inflamma-
tion [23]; 3) The histological changes in CP or 
potentially CP are relatively well unknown or 
undetermined. True et al. reported that some 
patients with prostatic inflammation had more 
than one pattern of inflammation involving 
glandular, periglandular and multifocal or dif-
fuse distribution of leukocytes in the stroma on 
prostate histopathology. They stated the need 
to reevaluate the current concepts about the 
pathophysiology of CP. As the study of Shimoura 
et al. showed that some prostate tissues in PBx 
revealed various inflammatory findings [24], we 
used the specimens taken during PBx to assess 

Table 3. Correlation (p-value) of significant immune-system related biomarkers for NIH-CPSI scores in 
the control patients 

pain or discomfort urination Impact of symptom QOL total
scores 0 3.00 ± 1.55 1.70 ± 0.64 2.80 ± 0.75 7.50 ± 2.25
IL-6 n.s.* n.s. n.s. n.s. n.s.
CD-3 n.s. n.s. n.s. n.s. n.s.
CD-163 n.s. n.s. n.s. n.s. n.s.
*n.s.: not significant.

Table 4. Correlation (p-value) of significant immune-system-related for IPSS/QOL in the control pa-
tients 

incomplete empty-
ing diurnal frequency intermittency urgency weak flow straining to 

void
score 1.40 ± 0.80 1.60 ± 1.20 0.80 ± 0.87 0.70 ± 0.64 1.40 ± 0.80 0.60 ± 0.66
IL-6 n.s.* n.s. n.s. n.s. n.s. n.s.
CD-3 n.s. n.s. n.s. n.s. n.s. n.s.
CD-163 n.s. n.s. n.s. n.s. n.s. n.s.

frequency at night voided symptom** storage symtoms*** Total QOL
score 1.40 ± 0.66 2.80 ± 2.04 5.00 ± 2.28 7.80 ± 3.63 2.80 ± 0.75
IL-6 n.s. n.s. n.s. n.s. n.s.
CD-3 n.s. n.s. n.s. n.s. n.s.
CD-163 n.s. n.s. n.s. n.s. n.s.
*n.s.: not significant. **voided symptoms consist of intermittency, weak flow, and straining to void. ***storage symptoms consist 
of incomplete emptying, diurnal frequency, urgency, and nocturia.
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histopathological changes, not the values for 
instance which can be detected by semen or 
expressed prostatic secretion depending on 
the patient’s general condition or technical 
problem for taking samples. 

Regarding symptom scores in CP, Anothaisint- 
awee et al. reviewed the studies using the NIH-
CPSI and IPSS/QOL as an outcome assess-
ment tool [4, 7, 8]. We accordingly used the 
symptom scores from the NIH-CPSI and IPSS/
QOL for the detailed evaluation of patients’ 
symptoms, assessed for each subgroup and 
each item from these symptom score sheets 
including pain, urination, impact of symptoms, 
and QOL in the NIH-CPSI and voiding and stor-
age symptoms in the IPSS. Such detailed cate-
gory and symptom evaluations, when correlat-

ed with potentially significant markers, may be 
informative for understanding and evaluating 
which biomarker relates to prostate inflamma-
tion-related symptoms. 

Several studies have searched for significant 
markers for CP or prostatic inflammation. 
Khadra et al. showed that IL-8 level was signifi-
cantly correlated with pain score, urinary symp-
tom score, and QOL impact score in CP patients 
[1]. Miller et al. revealed that cytokines regulat-
ing inflammation (IL-6 and IL-10) may play a role 
in the pain symptoms experienced by patients 
with CP [25]. Other significant markers for pros-
tatic inflammation in BPH patients were report-
ed by Robert et al. who stated that T-lymphocyte 
markers such as CD-8 or CD-3 were highly 

Figure 2. Weak expression of IL-6 was demonstrated. 
The magnification power was 100 times.

Figure 3. Typical outcomes of IHC staining of prostat-
ic inflammation specimens with CD-3 antibody were 
shown. Strong cytoplasmic expression of CD-3 was 
shown. The magnification power was 100 times.

Figure 4. Weak expression of CD-3 was revealed. The 
magnification power was 100 times.

Figure 5. Typical outcomes of IHC staining of pros-
tatic inflammation specimens with CD-163 antibody 
were shown. Strong cytoplasmic expressions of CD-
163 were shown. The magnification power was 200 
times.

Table 4. Correlation (p-value) of significant immune-system-related for IPSS/QOL in the control pa-
tients 

incomplete empty-
ing diurnal frequency intermittency urgency weak flow straining to 

void
score 1.40 ± 0.80 1.60 ± 1.20 0.80 ± 0.87 0.70 ± 0.64 1.40 ± 0.80 0.60 ± 0.66
IL-6 n.s.* n.s. n.s. n.s. n.s. n.s.
CD-3 n.s. n.s. n.s. n.s. n.s. n.s.
CD-163 n.s. n.s. n.s. n.s. n.s. n.s.

frequency at night voided symptom** storage symtoms*** Total QOL
score 1.40 ± 0.66 2.80 ± 2.04 5.00 ± 2.28 7.80 ± 3.63 2.80 ± 0.75
IL-6 n.s. n.s. n.s. n.s. n.s.
CD-3 n.s. n.s. n.s. n.s. n.s.
CD-163 n.s. n.s. n.s. n.s. n.s.
*n.s.: not significant. **voided symptoms consist of intermittency, weak flow, and straining to void. ***storage symptoms consist 
of incomplete emptying, diurnal frequency, urgency, and nocturia.
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expressed, while CD-20, a marker of 
B-lymphocytes, was expressed in about half of 
their patients [26]. John et al. performed IHC 
detection of CD-3 and CD-20 expressing cells 
in 71 biopsy cylinders from CP patients [27]. 
The IPSS score was higher (21 versus 12; P = 
0.02) in the high grade inflammation group 
compared to the low grade group. Our data, in 
the viewpoints of immune-system and prostatic 
inflammation, showed that only CD-163 signifi-
cantly correlated with pain or discomfort in the 
NIH-CPSI, CD-3 negatively correlated with diur-
nal frequency in the IPSS/QOL but IL-6 had no 
positive impact on symptom scoring both NIH-
CPSI and IPSS/QOL. The control patients with-
out histological finding of prostatic inflamma-
tion had no correlation between these 3 
immune system-related markers and these 
symptom scores. Maake et al stated that CD-4 
became predominant over CD-3 in prostatic 
low inflammation [28]. These findings suggest 
that macrophage has potential influence on 
CP-related symptoms and could have a possi-
bility to be a therapeutic target especially in the 
intractable CP cases. 

We would like to emphasize the limitations of 
this study. First, the number of patients is not 
large enough to draw definite conclusions. 
Secondly, we tested only 3 potential significant 
immune-system related markers and the IHC 
staining method was not quantitative. Third, we 
did not examine the relationship between these 
markers and therapeutic effects. These limita-
tions will be addressed in our future work. 

In conclusions, this study showed that CD-163 
(macrophage) expressions were significantly 

related to the symptom (pain or discomfort) in 
NIH-CPSI score in the patients with prostatic 
inflammation who may be considered to have 
potentially CP. These results contribute to the 
research to understand the etiology of CP histo-
logically and suggest the possibility of diagnos-
ing CP by the use of these immune-system 
related markers.
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