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Purpose: The aim of the study was to evaluate prostate cell infiltration by CD4(+)IL-17(+) 
and Treg cells in BPH and PCa patients depending on P. acnes infection in the prostate gland.
Patients and Methods: Prostate fragments were collected from 54 patients with PCa and 
34 patients with BPH. Rapid ID 32 was used to identify the bacteria. Cells were analyzed by 
flow cytometry BD FACSCanto II. Statistical analysis was performed using Statistica 7 
software (TIBCO Software Inc, USA).
Results: P. acnes was detected in 35% of patients with PCa and 41% of individuals with 
BPH. The infiltration of CD4(+)IL-17(+) and Treg cells was statistically significantly higher 
(P = 0.001) in patients with BPH and positive for P. acnes. A statistically considerably higher 
(P = 0.001) infiltration of Treg cells in treated for PCa with P.acnes infection was also 
demonstrated.
Conclusion: Prostatitis caused by P. acnes may contribute to the development of BPH and 
PCa.
Keywords: P. acnes, Treg cells, Th17 cells, benign prostatic hyperplasia, prostate cancer

Introduction
The etiology and pathogenesis of benign prostatic hyperplasia (BPH) and prostate 
cancer (PCa) have not been fully understood so far. Currently, it indicates that 
prostate chronic inflammation plays a significant role in the development of both 
diseases. Bacterial infections are among the potential sources of prostatitis.1,2 

Propionibacterium acnes (P. acnes) is a common cause of acne vulgaris and also 
one of the causes of implant-associated infections.3,4 As recent research shows, 
P. acnes is isolated with high frequency from prostatic tissue of patients with BPH 
and PCa. The presence of this bacterium in the prostate gland may be 
a predisposing factor for inflammation and the development of both diseases.5,6 

P. acnes induces the production of chemotactic factors and the secretion of pro- 
inflammatory cytokines, such as IL-17 produced by CD4(+) T-lymphocytes.7 It has 
been observed that the expression of IL-17 can stimulate the proliferation of 
malignant cells and lead to neoangiogenesis by inducing fibroblasts to upregulate 
vascular endothelial growth factor (VEGF).8 Furthermore, the imbalance in propor-
tion of CD4(+)IL-17(+) cells and regulatory T CD4(+)FoxP3(+) cells (Treg cells) in 
the tumor microenvironment may exacerbate inflammation and promote 
carcinogenesis.8,9
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The present study aimed to evaluate the infiltration of CD4 
(+)IL-17(+) and Treg cells in patients with BPH and PCa 
depending on the presence of P. acnes in the prostate tissue.

Patients and Methods
Study Population
The study group included 54 patients who underwent 
surgical treatment due to organ-confined prostate cancer 
and 34 patients treated for BPH. The average age of the 
patients was 64 (51–78). Material from patients with BPH 
was obtained by the TURP (transurethral resection of the 
prostate). The result of the pathomorphological examina-
tion was the basis for the classification of the group of 
BPH patients. Before prostatectomy, patients with PCa 
were diagnosed by a core needle biopsy of the prostate 
gland. The aggressiveness of cancer was determined using 
the Gleason Score. Patients were classified for the study 
without any Gleason score limitations. The study group 
consists of patients who, during our research and collect-
ing surgical material, underwent surgery in the Urology 
Clinic of the Medical University of Lublin. In the study 
group of patients with PCa: 27 patients had 3 + 3 Gleason 
score and 27 patients had 3 + 4 Gleason score (Table 1).

Surgical the Walsh-Donker technique was performed. 
After removal of the prostate gland fragments, 1 mL each 
from both lobes was taken in a sterile condition and 
directly put into the culture medium. The study was 
approved by the Bioethics Committee at the Medical 
University of Lublin (Poland) and all subjects gave 
informed consent. The research complied with the 
Declaration of Helsinki.

Procedures
The microbiological identification was performed. The 
fragment of the prostate was taken and incubated on 
Casman’s medium base and Columbia agar base with 5% 
sheep blood. The incubation was cultivated in anaerobic 
conditions. Identification of the cultivated bacteria was 
made based on morphological and biochemical 

characteristics using Rapid ID 32. The results were read 
out using the APILAB program.

The Th17 and Treg intratumoral identification was 
performed. The mononuclear cells were isolated from the 
fragment of the prostate samples by density gradient cen-
trifugation using the Gradisol L (Aqua Medica, Poland). 
The cells were stained with the following antibody con-
jugates to the surface receptors: anti-CD45 FITC/anti- 
CD14 PE, anti-CD4 FITC/anti-CD8 PE, and anti-CD3 
FITC (Becton–Dickinson, San Jose, CA, USA). The intra-
cellular detection of the FoxP3 and IL-17 was performed, 
stained with anti-FoxP3 PE and anti-IL-17 PE antibody 
(Becton–Dickinson, San Jose, CA, USA). The fluores-
cence-minus-one method or the unstained cell was used 
for the negative control. The cells were analyzed by flow 
cytometry BD FACSCanto II. For each analysis, 20,000 
events were acquired and analyzed using BD FACSDiva™ 
software (Becton Dickinson, Franklin Lakes, New 
Jersey, USA).

Statistical Analysis
The Mann–Whitney U-test was used to assess differences 
between studied patient group. Differences from baseline 
within each group were evaluated using the Wilcoxon test. 
All p values lower than 0.05 were considered significant. 
Statistical analysis was performed using Statistica 7 soft-
ware (TIBCO Software Inc, USA).

Results
In the studied samples of the prostate tissue material, 
P. acnes was detected in 35% of patients with PCa and 
41% of individuals treated for BPH.

The relationship between the percentage of CD4(+)IL-17 
(+) cells and the presence of P.acnes in the prostate gland 
was analyzed for both disease entities. In patients with BPH 
who were positive for P. acnes, the infiltration of CD4(+)IL- 
17(+) cells was statistically significantly higher (P = 0.001) 
than in patients with BPH in whom this bacterium was not 
found. In contrast, the percentage of CD4(+)IL-17(+) cells 
did not differ considerably in individuals with PCa and 

Table 1 Characteristics of Patients

Disease Number of 
Patients

Number of Patients with 3+3 Gleason 
Score

Number of Patients with 3+4 Gleason 
Score

Average 
Age

BPH 34 Not applicable Not applicable 64 (51–78)

PCa 54 27 27
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positive for P.acnes compared to patients with PCa without 
the presence of this bacterium in the prostate tissue. There 
were also no significant differences between the infiltration 
of CD4(+)IL-17(+) cells in treated for PCa with 3 + 3 
Gleason score and patients with PCa who had 3 + 4 
Gleason score. The correlation between the percentage of 
CD4(+)IL17(+) cells and the presence of P.acnes in the 
prostate gland depending on the degree of cancer aggres-
siveness was also analyzed. However, in the group of 
patients with PCa and 3 + 3 Gleason score, the infiltration 
of CD4(+)IL-17(+) cells did not differ statistically promi-
nently in individuals who were positive for P.acnes com-
pared to patients in whom this bacterium was not detected. 
The same result was obtained in the group of treated for PCa 
who had 3 + 4 Gleason score (Tables 2 and 3).

The next part of the research was to assess the infiltration of 
Treg cells depending on the presence of P.acnes in the prostate 
gland. The percentage of Treg cells was statistically promi-
nently higher (P = 0.001) in patients with BPH and positive P. 
acnes than in patients with BPH without P.acnes in the prostate 
tissue. Similarly, there was statistically considerably higher 

(P = 0.001) infiltration of Treg cells in treated for PCa who 
had P.acnes compared to individuals with PCa without this 
bacterium. There was also a statistically significant difference 
(P = 0.001) between the percentage of Treg cells in patients 
with PCa who had 3 + 4 Gleason score and those with PCa who 
had 3 + 3 Gleason score. In the group of patients with PCa and 
3 + 3 Gleason score, the infiltration of Treg cells was statisti-
cally prominently higher (P = 0.001) in patients with the 
presence of P.acnes compared to others in whom this bacter-
ium was not detected. Similarly, in the group of patients with 
PCa who had 3 + 4 Gleason score, a statistically significantly 
higher (P = 0.001) percentage of Treg cells was found in 
patients with positive P.acnes compared to the rest (Tables 2 
and 3).

Discussion
P. acnes is considered to be one of the pathogens initiating 
inflammation of the prostate gland and promoting the occur-
rence of BPH and PCa.5,6 Thus, prostatitis may be the immune 
system’s response to a bacterial infection.1 It has been also 
shown that chronic inflammation leads to the prolonged pre-
sence of inflammatory cells and factors. Consequently, it can 
inhibit the apoptosis of transformed cells and contribute to the 
tumor genesis.2 The conducted research confirmed that the 
presence of P. acnes in the prostate tissue – in patients with 
BPH and PCa – is associated with an expanded response of the 
immune system.

The observed increased percentage of CD4(+)IL-17 
(+) cells infiltrating the prostate gland in patients with 
BPH who were positive for P. acnes compared to those 

Table 2 Percentage of CD4(+)IL-17(+) and Treg Cells. Results 
for BPH Patients

P. acnes (-) P. acnes (+) p value

CD4(+)IL-17(+) cells 0.7±0.2 1.25±0.15 p=0.001

Treg cells 11.6±2.2 16.9±1.8 p=0.001

Notes: The values are shown as x ± SD. All p values lower than 0.05 were 
considered significant.

Table 3 Percentage of CD4(+)IL-17(+) and Treg Cells. Results for PCa Patients

Gleason 3+3  
P. acnes (+)

Gleason 3+4  
P. acnes (+)

p value

CD4(+)IL-17(+) cells 0.82±0.28 0.61±0.31 p>0.05

Treg cells 23.95±1.35 28.7±1.6 p=0.001

Gleason 3+3  
P. acnes (-)

Gleason 3+3  
P. acnes (+)

CD4(+)IL-17(+) cells 0.77±0.16 0.82±0.28 p>0.05

Treg cells 20.92±1.1 23.95±1.35 p=0.001

Gleason 3+4  
P. acnes (-)

Gleason 3+4  
P. acnes (+)

CD4(+)IL-17(+) cells 0.47±0.18 0.61±0.31 p>0.05

Treg cells 22.36±1.15 28.7±1.6 p=0.001

Notes: The values are shown as x ± SD. All p values lower than 0.05 were considered significant.
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in whom the bacterium was not detected suggest that the 
presence of P. acnes enhances the secretion of IL-17. 
This pro-inflammatory cytokine is responsible for the 
occurrence and maintenance of inflammatory lesions.7 

It has been also reported that IL-17-producing T cells 
were found in many tumors, including prostate 
cancer.8,10

The analyses also showed that the presence of P. acnes 
in both BPH and PCa patients may significantly affect the 
intensity of prostate infiltration by Treg cells. The presence 
of Treg cells in the tumor microenvironment has been 
previously described. It has been noticed that the abun-
dance of Treg cells infiltration in cancer disease is often 
associated with a more advanced stage of malignancy.11,12 

Our investigation also confirms that the increased fre-
quency of Treg cells is related to the aggressiveness of 
cancer. Additionally, increased Treg cell prevalence, simi-
lar to IL-17 expression, is associated with poor prognosis 
in cancer patients.8,11,12 This research also found that Treg 
cell infiltration of the prostate in individuals who had 3 + 3 
Gleason score is dependent on the presence of P. acnes. 
The same correlation was found in the group of patients 
with a 3 + 4 Gleason score. These results suggest that 
bacterial infection is crucial to maintaining the inflamma-
tion and increasing Treg cell expression.

The magnitude of Treg cell infiltration in PCa patients 
and the significant difference between Treg cell infiltration 
in PCa patients with and without P. acnes infection indi-
cate high activity of these cells in the tumor microenvir-
onment. Treg cells may play a role in the development of 
PCa by inhibiting the immune system’s response. Thus, 
Treg cells can also prevent the pro-inflammatory reactions 
by inhibiting the activity of pro-inflammatory cells such as 
CD4(+)IL-17(+) cells. This may explain the lack of differ-
ences in CD4(+)IL-17(+) cell infiltration in the evaluation 
for PCa patients in this study. A significant increase in PCa 
inhibitory factors affects the percentage of pro- 
inflammatory cells and may also be the reason for the 
difference in CD4(+)IL-17(+) cell infiltration between 
PCa patients and BPH patients.

It seems that the role of CD4(+)IL-17(+) and Treg cells 
in the development of chronic inflammation, which may 
lead to BPH and PCa, should be considered together. The 
activity of CD4(+)IL-17(+) and Treg cells are antagonistic. 
The pro-inflammatory cytokine IL-17 as well as the sup-
pressor Treg cells are responsible for controlling inflam-
mation. IL-17-producing T cells may contribute to excess 

inflammation, in contrast to Treg cells, which may induce 
too much immunosuppression. This may promote 
carcinogenesis.8,9 There are many reports indicating that 
expression of CD4(+)IL17(+) and Treg cells are associated 
with tumor progression.8,11,12

Conclusions
Infection P. acnes of the prostate gland may play 
a significant role in the infiltration of prostate tissue by 
CD4(+)IL17(+)cells and Treg cells in patients with BPH. 
Similarly, there is also a relevant relationship between 
infection P. acnes of the prostate gland and Treg cell 
infiltration of prostate tissue in patients with PCa.
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