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Abstract
Objective:We aimed to evaluate the number and function of regulatory T (Treg) cells in peripheral blood and prostate tissues of patients with histopatho-
logically diagnosed benign prostate hyperplasia (BPH) and asymptomatic chronic prostatitis.
Material and Methods:Blood and histopathological data of 19 patients (BPH=10, ACP=9) that underwent transurethral prostate resection were evaluated. 
Treg cell count in peripheral blood and prostatic tissue with flowcytometry, Forkhead box P3(FOXP3) expression in prostatic tissue by reverse transcription 
polymerase chain reaction (PCR), and IL-17 measurement in blood samples with ELISA were performed.
Results: Flowcytometric analyses showed that mean CD4+T cell count and mean FOXP3 levels in both peripheral blood (CD4+T, p= 0.752; FOXP3, p= 
1.000) and prostate tissue (CD4+T, p= 0.458; FOXP3, p= 0.590) were higher in the BPH group compared to the chronic prostatitis group. However this 
difference was not statistically significant. Similarly, the mean blood IL-17 levels were also higher in BPH groups, but the difference was not statistically 
significant (p= 0.870). The PCR analyses showed that mean FOXP3 gene expression in the tissue was higher in the chronic prostate group, but again there 
was no statistically significant difference between the groups (p= 0.116).
Conclusion: Since no statistically significant difference was found between BPH and chronic prostatitis in terms of Treg cell number and function in perip-
heral blood and prostatic tissue, our study supports the thesis that both these pathologies could be autoimmune inflammatory diseases.
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Özet
Amaç: Histopatolojik olarak benign prostat hiperplazisi (BPH) ve asemptomatik kronik prostatit(AKP) tanısı alan hastaların periferik kan ve prostat doku-
larındaki regülatuvar T (Treg) hücrelerinin sayı ve işlevini değerlendirmeyi amaçladık.
Gereç ve Yöntemler:Transüretral prostat rezeksiyonu yapılan 19 hastanın (BPH = 10, AKP = 9)kan ve histopatolojik verileri değerlendirildi. Flowsitometri 
ile periferik kan ve prostat dokusunda Treg hücre sayımı, revers transkripsiyon polimeraz zincir reaksiyonu (PCR) ile prostatic dokuda Forkhead box P3 
(FOXP3) ekspresyonu ve ELISA ile kan örneklerinde IL-17 ölçümü yapıldı.
Bulgular: Flowsitometrik analizler, hem periferik kanda (CD4+ T, p = 0.752; FOXP3, p = 1.000) hem de prostat dokusunda (CD4+ T, p = 0.458; FOXP3, p 
= 0.590) ortalama CD4+ T hücre sayısı ve ortalama FOXP3 düzeylerinin BPH grubunda kronik prostatit grubuna gore daha yüksek olduğunu göstermiştir. 
Ancak bu fark istatistiksel olarak anlamlı değildi. Benzer şekilde, ortalama IL-17 seviyeleri de BPH grubunda yüksekti, ancak fark istatistiksel olarak an-
lamlı değildi (p=0.870). PCR analizleri, dokudaki ortalama FOXP3 gen ekspresyonunun kronik prostat grubunda daha yüksek olduğunu, ancak yine gruplar 
arasında istatistiksel olarak anlamlı bir fark olmadığını gösterdi (p = 0.116).
Sonuç: Periferik kandaki ve prostat dokusundaki Treg hücre sayısı ve fonksiyonu açısından BPH ile kronik prostatit arasında istatistiksel olarak anlamlı bir 
fark bulunamadığından, çalışmamız her iki patolojinin de otoimmün inflamatuvar hastalıklar olabileceği tezini desteklemektedir.
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INTRODUCTION

Prostatic inflammation is a common condition in pros-
tate fluid and tissue samples, and it is seen in up to 70% (1-
4) of needle biopsy samples and up to 100% of transurethral 
resection (TURP) tissue samples (4). Although the presence 
of prostatic inflammation is well defined, its etiology has not 
been clarified yet. Potential factors such as bacterial infec-
tions, intraprostatic urinary reflux, chemical inflammation, 
hormones, diet, metabolic syndrome, and autoimmunity 
have been suspected in the etiology, however multifactorial 
causes are more likely (5).

Prostate is an immunocompetent organ and its immune 
response is primarily T lymphocyte-mediated. This lympho-
cyte class constitutes more than 90% of prostate lymphocytes 
in both epithelial and stromal regions (6). In particular, regu-
latory T-cells (Treg) are mainly located in the fibromuscular 
stroma, while cytotoxic T-cell (cluster of differentiation-8 
[CD-8]) infiltrates are primarily distributed around the pe-
riglandular area (6).

Tregs are a subset of CD4+T cells that act as immunosup-
pressants by suppressing unwanted inflammatory responses to 
self-antigens and thus play a role in maintaining immune ho-
meostasis. Tregs, which make up 5-10% of CD4 + T cells, can 
be identified by the expression of the Forkhead box P3 (FOXP3) 
transcription factor and high surface expression of CD25. These 
cells function through a variety of mechanisms, including pro-
duction of immunosuppressive cytokines such as transforming 
growth factor (TGF)-beta and interleukin (IL)-10, which inhibit 
cell-to-cell contact (7) and antigen-specific T cell responses (8). 
The most common patterns seen in autoimmune diseases are 
low number of normal functioning Tregs or normal number of 
low-functioning Tregs. Many issues regarding Tregs’ control of 
autoreactivity are still being investigated (9).

Inflammatory infiltrates are seen in histological exami-
nations of almost all surgical benign prostatic hyperplasia 
(BPH) specimens. Seventy percent of the infiltrate is T cel-
ls, 15% B cells, and 15% macrophages and mast cells. While 
T cell density increases with aging, this increase is reported 
as high as 28-fold in BPH patients (10). Nowadays, the hy-
pothesis that BPH is an immune-mediated inflammatory 
disease with a localized autoimmune condition has become 
increasingly accepted (10-12). Jin et al. reported that Treg cell 
count was low in peripheral blood taken from BPH patient-
sand almost nonexistent in severely inflamed prostate tissue 
(13). Bai et al. determined that in patients with chronic pros-
tatitis / chronic pelvic pain syndrome (CP / CPPS, category 
III prostatitis), FOXP3 mRNA and transforming growth fac-
tor beta 1 (TGF-1) levels were significantly lower, but serum 
tumor necrosis factor-alpha (TNF-α) levels were higher than 
in control patients. They demonstrated that functional defe-
cts of Treg cells may play a role in the pathogenesis of benign 
inflammatory prostate pathology such as CP / CPPS and re-

vealed autoimmune background of these diseases (14).
The results obtained from limited number of studies have 

led to the idea that Treg cell number and function should be 
similar in diseases such as BPH and chronic prostatitis, both 
of which are thought to involve autoimmune inflammation. 
In this study, we aimed to investigate and compare the au-
toimmune inflammatory infrastructure of these diseases by 
evaluating the number and function of Treg cells in periphe-
ral blood and prostate tissues of patients with histopathologi-
cally diagnosed BPH and chronic prostatitis.

MATERIAL and METHODS

The study was planned according to the principles of the 
Helsinki Declaration. After the approval of the local ethics 
committee (Protocol No: 2017/1082), blood and histopatho-
logical data of 19 male patients that had lower urinary tract 
symptoms and underwent TUR-P with a clinical diagnosis of 
BPH between February 20, 2017 and February 20, 2018, were 
evaluated. Since prostatic inflammation was detected in 70% 
of needle biopsy samples and almost 100% of transurethral 
resection (TURP) tissue samples, we preferred to evaluate 
patients who underwent TUR-P in our study. The Treg cells 
were counted by flow cytometry. FOXP3 levels were determi-
ned by reverse transcription polymerase chain reaction met-
hod in the immunology laboratory. Flowcytometric method 
and polymerase chain reaction(PCR) analysis were preferred 
because of their accuracy and due to the fact that they are not 
dependent on the individual evaluations like immunohistoc-
hemical analysis. The IL-17, which is a Treg cell product, was 
also evaluated in the biochemistry laboratory with ELISA kit. 
Patients were divided into two groups as BPH and chronic 
prostatitis according to their histopathological results. Treg 
cell count and FOXP3 gene expression results of both groups 
were compared. Patients with cancer diagnosis and immuno-
logical disorders were excluded from the study.

Flow Cytometric Evaluation

Tissue samples were prepared for antibody treatment by 
processing with Medicon tissue disruptor. They were placed 
in the Medicon containing 1.5 cc isotonic (flowsheath) buf-
fer. Suspension was obtained with tissue lysis device. Fifty 
microliters of patient blood / tissue sample was placed in the 
sampling container. Two separate sample containers were 
used for blood and tissue samples. Five microliters of fixative 
reagent was added into each tube and samples were vortexed 
immediately. The samples were incubated at room tempe-
rature for 15 minutes and vortexed again after incubation. 
Three hundred microliters of permeabilizing reagent was 
added into each tube and 10µL fluoroconjugated antibodies 
against intracellular epitopes and surface molecules (CD45 – 
Kro, CD4 – FITC, CD25 – PC7, FoxP3-Alexa Fluor647) were 
added into each tube. Samples were vortexed and incubated 
at room temperature for 20 minutes. Three milliliters of the 
sample was centrifuged at 500g for 5 minutes and subjected 
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to another wash to allow concentration of cells and ultima-
tely increase the signal for rapid analysis in flowcytometry. 
After centrifugation, the supernatant was discarded and the 
pellet was resuspended in 0.5 ml 1/10 diluted final reagent 
(PerFix-nc). The samples were then analyzed in Beckman 
Coulter Navius ​​3 L10C flowcytometry device.

FOXP3 Quantitative Reverse Transcriptase-
Polymerase Chain Reaction (PCR)

RNA extraction: Tissue samples were obtained from 
patients with BPH (n=10) and chronic prostatitis (n=9). 
RNA was extracted using the Gene Jet RNA extraction kit 
(ThermoFisherScientificInc.). Total RNA was measured by 
spectrophotometric analysis (ThermoNanoDrop ™2000Spe-
ctrophotometer).

Reverse Transcription: cDNA synthesis was per-
formed according to the manufacturer’s instructions with 
random hexamer primers and reverse transcriptase enzyme 
provided in the First Strand cDNA Synthesis Kit (ABMGood, 
USA). The reverse transcription reaction incubation conditi-
ons were 5 minutes at 25°C, followed by 1 hour at 42°C and 
5 minutes at 70°C.

Quantitative real-time polymerase chain re-
action (qPCR): qPCR analysis to determine expression 
levels was performed with Step One Real Time PCR System 
(Applied Biosystems, Foster City, CA, USA). The qPCR pri-
mers and probes that were used were Foxp3 (Hs01085834_
m1) and GAPDH (Hs02758991_g1) (endogenous control for 
normalization) from the pre-designed Taq Man gene expres-
sion assays. The cycling conditions were initial incubation at 
95°C of 10 minutes, followed by 40 cycles of denaturation for 
15 seconds at 95°C and extension for 1 minute at 60°C.

Detection of IL-17 by ELISA

Venous blood samples were stored in tubes without an-
ticoagulants. After 30-60 minutes incubation time, samp-
leswere centrifuged at 1000g for 10 minutes. Serum samples 
were separated immediately, and stored at -80°C for collec-
tive IL-17 ELISA tests. Serum IL-17 levels were analyzed by 
using commercial Fine Test kit (Catalog No; EH3267, Wu-
han FineBiologicalTechnologyCo., Ltd., EastLikeHigh-Tech 
Development District, Wuhan, China). Test results were me-
asured with an ELISA plate reader (ELX800, BioTek Instru-

ments, Inc. Winooski, Vermont, USA) at 450 nm. According 
to the manufacturer’s data, the detection limit was 18.75 pg 
/ ml, the intra and inter-assay coefficient of variation (CV) 
was 8%, and the reading range was 31.25-2000 pg / ml. The 
procedure was applied without any changes in line with the 
manufacturer’s instructions.

Statistical Analyses

All data were transferred to the SPSS 25 statistical prog-
ram. Kolmogorov-Smirnov test was used to evaluate whether 
the distribution of continuous variables was normal. Desc-
riptive statistics were presented as mean +/- SD. Compari-
sons between two groups of independent variables that were 
not normally distributed were done by using the Mann-W-
hitney U test, while normally distributed independent vari-
ables were analyzed by using the independent Student T test. 
A p value of <0.05 was considered statistically significant.

RESULTS

The mean age of 19 patients was 69.9 ± 8.8 years, and the 
mean PSA value was 3.71 ± 2.3 ng / mL.The pathological exa-
mination indicated that 10 patients had BPH and 9 patients 
had asymptomatic chronic prostatitis. The mean CD4 + T 
cell count in peripheral blood was 0.8 ± 0.41% in the BPH 
group (Figure 1), 0.76 ± 0.37% (p = 0.752) in the chronic 
prostatitis group (Figure 2). Meanwhile, the mean CD4 + 
T cell count in the prostate tissue was 32.54 ± 44.69% in the 
BPH group, and 14.76 ± 29.15% (p = 0.458) in the chronic 
prostatitis group. The mean FOXP3 inflow cytometric mea-
surements from blood samples were 1.03 ± 0.92% in patients 
with BPH and 0.93 ± 0.29% (p = 1.000) in patients with chro-
nic prostatitis, while in tissue samples they were3.5 ± 3.44% 
in patients with BPH and 2.72 ± 3.67% (p = 0.590) in pa-
tients with chronic prostatitis (Table 1). The PCR analyses 
showed that mean FOXP3 gene expression levels in the tissue 
was 0.00659 ± 0.00612 ΔCt in patients with BPH and 0.01554 
± 0.01456 ΔCt in patients with chronic prostatitis. There was 
no significant difference between the two groups (p = 0.116). 
Similarly, there was no significant difference between the two 
groups in terms of mean blood IL-17 levels with 254.70 ± 
282.32 pg / ml in BPH patients and 216.93 ± 167.34 pg / ml 
in patients with chronic prostatitis (p = 0.870).
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Figure 1. Flowcytometric evaluation in BPH

Figure 2. Flowcytometric evaluation in chronic prostatitis
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DISCUSSION

Considering that non-infectious causes are eight times 
more common in the origin of chronic inflammatory pros-
tate diseases compared to bacterial prostatitis, autoimmune 
response is a more likely candidate for their etiology. Whet-
her this immune reaction is initiated by foreign antigens, au-
toantigens or both is still under investigation (15). Evaluation 
of surgical samples obtained from BPH patients showed that 
almost all patients had inflammatory cell infiltration, mostly 
composed of T lymphocytes. In studies examining the inf-
lammatory cell population in BPH, it has been shown that T 
lymphocytes make up 70%, B lymphocytes 15% and macrop-
hages and mast cells the other 15% of the population, whe-
reas granulocytes are mostly absent (10,16). This high preva-
lence of immune cells supports the idea that the prostate is an 
immunocompetent organ.

Th17 strain, which was defined in the mid-2000s and 
is different from traditional Th1 and Th2 strains, revoluti-
onized our understanding of the immunopathogenesis of 
chronic inflammation (17). Th17 cells produce the proinf-
lammatory cytokine IL-17 and regulate host response to ext-
racellular bacterial and fungal pathogens. They gain a high 
autoimmunogenic potential in cases of hyperresponsiveness 
and play a role in the pathogenesis of autoimmune diseases 
such as psoriasis, rheumatoid arthritis, and Crohn’s disease 
by causing the development of chronic immune-mediated 
tissue destruction via proinflammatory cytokines such as 
IL-17A, IL-17F, IL-21 and IL-22 (18,19). It has been shown 
that proinflammatory cytokines released from neighboring 
inflammatory cells induce cyclooxygenase-2 (COX-2) exp-
ression in epithelial cells, increasing the proliferation rate 
of cells in the prostate (20). Proinflammatory IL-17 produ-
ced by active T cells is increased in patients with BPH and is 
thought that this overexpression of IL-17 may play a role in 
elevated COX2 expression and increased prostate cell pro-
liferation rate (20,21). Penna et al. have demonstrated that 
human prostate stromal cells function as antigen-presenting 

cells and activate alloantigen-specific CD4 + T cells to pro-
duce IFN-gamma and IL-17 (22). It is also thought that pros-
tate stromal cells can induce and protect the autoimmune 
response (23). A number of prostate antigens, most of which 
are prostate’s secretory products, also function as autoanti-
gens. They have a high proteolytic activity, and when they 
reach periglandular tissue after epithelial damage, they can 
break down not only connective tissue cells, but also major 
matrix areas that allow autoantigenic molecules to gain wide 
access to the immune system of the prostate (10,24,25). All 
this information supports the efficacy of autoimmune mec-
hanism in chronic inflammatory pathologies of the prostate 
such as BPH and asymptomatic chronic prostatitis.

Treg cells are a subpopulation of T cells with immunosup-
pressive function. They shows their immunosuppressive effects 
by secreting suppressing cytokines such as IL-10 and TGF-β, by 
decreasing the local concentration of IL-2, triggering apoptosis, 
and stopping the cell cycle in cell-to-cell contact (8). Informa-
tion on the role of Treg cells in the prostate is limited. Recent-
ly,Davidsson et al. have reported increased number of stromal 
CD4 + Tregs in patients with post-atrophic hyperplasia and 
prostate cancer (26). Jin et al. detected low Treg cell count in 
peripheral blood taken from BPH patients, but they found high 
Treg infiltration in prostate tissue with mild or moderate inf-
lammation (13). They also found that Treg cells almost disappe-
ared in severely inflamed prostate tissue, and suggested that this 
inconsistency was caused by the use of different patient samples 
(13). The transcription factor called FOXP3 controls the Treg 
cell system and is the most specific marker of these cells (27). 
Decrease in FOXP3 expression has been linked to human im-
mune disorders (28). Bai et al. observed a lower FOXP3 mRNA 
expression level in CP / CPPS patients compared to the healthy 
control group and reported that functional defects of Treg cells 
may also play a role in the pathogenesis of CP / CPPS(14).

In our study, CD4+FOXP3+ cells and IL-17 levels in perip-
heral blood and prostate tissue were lower in the chronic pros-
tatitis group than in the BPH group, but this difference was not 

Table 1. Comparison of blood and tissue analysis of both groups
BPH (n:10)  Chronic Prostatitis 

(n:9)
Mean SD Mean SD P Value

Age year 69,50 10,05 70,44 7,91 0,824
PSA, ng/mL 3,64 2,47 3,79 2,30 0,887
Flow Cytometry Blood, (%)
CD45 93,26 10,78 97,01 3,75 0,326
CD25 99,28 1,42 96,81 9,58 0,247
CD4 0,80 0,41 0,76 0,37 0,752
FOXP3 1,03 ,92 0,91 0,29 1,000
Flow Cytometry Tissue, (%)
CD45 97,26 8,67 98,38 2,91 0,155
CD25 98,05 4,38 100,00 ,00 0,083
CD4 32,54 44,69 14,76 29,15 0,458
FOXP3 3,50 3,44 2,72 3,67 0,590
Tissue FoxP3 gene expression by PCR, ΔCt 0,00659 0,00612 0,01554 0,01456 0,116
Blood IL-17 level, pg/ml 254,7047 282,3251 216,9312 167,3445 0,870

BPH: Benign Prostate Hyperplasia, SD: Standart Deviation



KSU Medical Journal 2021;16(1) : 1-6

ATES et al.

KSÜ Tıp Fak Der 2021;16(1): 1-66

significant. Moreover, although tissue FOXP3 gene expression 
was higher in the chronic prostatitis group, no significant dif-
ference was found between the groups. We believe that the fact 
that there was no significant difference between asymptomatic 
chronic prostatitis (category type IV) and BPH in terms of Treg 
number and function supports the hypothesis that inflammation 
and autoimmunity are factors in the etiopathogenesis of BPH.

Although the small number of patients is a limitation, our 
pilot study with a limited budget was still able to provide va-
luable data. Larger studies can be planned to investigate the 
correlation between Treg cell count and function and histo-
pathological and / or clinical symptom intensity.

As a conclusion, Evaluating Treg cell number and functi-
on is an effective method for revealing autoimmune inflam-
mation. Studies suggest that BPH and chronic prostatitis are 
autoimmune inflammatory diseases. The fact that we did not 
find any significant difference between the two pathologies in 
terms of Treg cell number and function in peripheral blood 
and prostatic tissue supports these theses. Unveiling the irre-
gular immune pathways in the pathogenesis of these diseases 
can help design new anti-immune inflammatory drugs. Large 
scale multi-center studies are needed to achieve these goals.
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