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Abstract
Background: Prostate cancer (PCa) is the most common cancer and the second cause of death among men worldwide. Recent
documents have disclosed that chronic inflammation can be a major risk factor for PCa. Based on recent studies, the presence of
Propionibacterium acnes (P. acnes) as an anaerobic gram-positive bacterium in prostate tissue can be a predisposing factor for PCa. The
aim of this study was to evaluate the P. acnes presence in patients with PCa compared to patients with benign prostatic hyperplasia
(BPH).
Methods: In a descriptive study that was conducted from January 2015 to December 2016, 95 paraffin-embedded prostate tissue
samples (57 PCa and 38 BPH) were evaluated. All samples were collected from the pathology unit of a hospital. DNA was extracted
with an extraction kit (GeneAll, Korea) and then PCR was carried out using specific primers for P. acnes. Sequencing was performed
on the PCR products to confirm the presence of P. acnes. Demographic data were analyzed using statistical package for social sciences
(SPSS) software (version 21).
Results: Out of 95 patients, 57 (60%) were patients with PCa and 38 (40%) were patients with BPH. 39 (41%) and 22 (23%) samples were
P. acnes positive in cancer and BPH groups, respectively.
Conclusions: The results suggest that the spread of P. acnes in males with PCa may be common. This finding reflects the possible
role of P. acnes in the carcinogenesis of PCa. P. acnes infection may play a relative role in the pathogenesis of PCa or it could facilitate
the PCa progression.
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1. Background
Prostate cancer (PCa) is one of the most common cancers among men in the world (1, 2). In 2012, more than
one million men suffered from prostate cancer worldwide
(3). Among Iranian men, gastric cancer and prostate cancer are the first and second most common cancers, respectively (4). Chronic inflammation is an important risk factor, which can increase the chance of developing prostate
cancer in individuals (5). It has been suggested that bacterial infections by inducing long-term inflammation can
facilitate cancer development (6, 7). Some studies showed
a significant correlation between the presences of Propionibacterium acnes (P. acnes) and inflammation in prostate
tissue. P. acnes is an anaerobic Gram-positive ubiquitous
bacterium and is a member of skin normal flora. This bacterium has four main types IA, IB, II, and III based on DNA

sequence comparison of the recA or tly genes (8). P. acnes
can be unambiguously implicated in a variety of manifestations including sarcoidosis, systemic infections folliculitis, and chronic inflammatory (9, 10). Furthermore, some
byproducts of P. acnes such as free fatty acids produced as a
result of the metabolism of triglyceride can annoy the enforce inflammation through immune cells chemotaxis to
the site of infection (11). Some recent research has reported
the high incidence of P. acnes in prostate tissue samples of
patients with PCa (12-15). These studies have shown that P.
acnes has the ability to annoy the cells of the prostate tissue
to secret Interleukin 6 (IL-6) and Chemokine (C-X-C motif)
(16, 17). In addition, a number of other studies assert that
chronic and acute inflammation has been associated with
the presence of P. acnes in prostate tissue (13). Some investigations show the transformation of prostate cells after being infected with P. acnes, supporting the hypothesis that
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P. acnes is a predisposing factor in P. acnes development (1418). Since there is no evidence of the prevalence of P. acnes
in prostate tissue in Iran, in the present study, we sought
to investigate the presence of P. acnes strains in prostate
tissue samples from men with PCa and benign prostate hyperplasia (BPH) who referred to shohada-ye tajrish hospital
of Shahid Beheshti University of Medical Sciences, Tehran,
Iran in 2016.

presence of 1201 bp fragments indicated positivity for P. acnes.
Table 1. The Amplification Protocol for the Detection of P. acnes
Cycle

Time

1

30

2. Methods
1

Temperature

5 Min

94

30 Sec

94

40 Sec

55

30 Sec

72

5 Min

72

2.1. Samples collection
This descriptive study was conducted from January
2015 to April 2016. In this survey, 57 prostate cancer (PCa)
and 38 BPH (as a control group) paraffin-embedded tissue
blocks were evaluated. Microscopic evaluation to determine the cancerous and non-cancerous tissues and differentiation between PC and BPH was done by a pathologist.
The best paraffin-embedded block containing suitable tissues of the patients were selected for examination. In order
to further analysis, the samples were transported to the department of microbiology, Shahid Beheshti University of
Medical Sciences.
2.2. DNA extraction
DNA was extracted from paraffin-embedded tissue
blocks by G-spin TM total DNA extraction Kit (GeneAll, Korea). First, the paraffin blocks were sliced into thin pieces
using a sterile razor bladder and placed in a 1.5-mL tube
(not more than 25 mg). According to the manufacturer’s
instruction, xylene was used to remove paraffin and then
the bacterial DNA was extracted from the tissue. After measuring their concentration, the extracted DNA was stored
at -20 °C.

2.4. Statistical Analysis
Demographic data were analyzed using Statistical
Package for Social Sciences (SPSS) software (version 21).

3. Results
Most of the patients with PCa belonged to the 70 - 79
age group (29.8%) whereas 50% of the patients with BPH
were 50 - 59 years-old. The characteristics of the study patients and Gleason score of tumors are summarized in Tables 2 and 3. In 3.2% of the patients, the Gleason score was
10 (the highest score). Most patients had a Gleason score
of seven (33.3%). Chart 1 and 2 represent the frequency of P.
acnes in the case and control groups based on age.
Table 2. Distribution of Gleason Score in the Study Patients
Gleason Score

No. (%)
1 (1.8)

4

2.3. Standard PCR
PCR was used to evaluate the successfulness of DNA
extraction using the human beta-actin gene as the target. In the next step, the second PCR assay was done for
the detection of P. acnes using the recA specific primers.
The PCR reaction mixture contained 12.5 µL of PCR mix,
1 µL of each primer, and 5 µL of DNA template. PCR
grade water was added to bring the final volume to 25 µL.
For negative and positive controls, 5 µL of PCR grade water and 5 µL positive controls (P. acnes ATCC 11828) were
added, respectively. The specific primers for recA detection were recA F-5’AGCTCGGTGGGGTTCTCTCATC3’ and recA
R-5’GCTTCCTCATACCACTGGTCATC 3’. PCR conditions are
summarized in Table 1. The PCR products were analyzed on
1.5% agarose gel. The gel was stained with ethidium bromide (0.5 µg/mL) and viewed by UV transilluminator. The
2

5

2 (3.5)

6

13 (22.8)

7

19 (33.3)

8

7 (12.3)

9

13 (22.8)

10

2 (3.5)

Table 3. Characteristics of the Study Patients
Groups Values

Number of patients

Age, (mean ± SD) years

BPH

38

68.0 ± 8.9

PCa

57

67.1 ± 10.0
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3.1. PCR for Beta-Actin and recA Genes
Out of 95 study patients, there were 57 and 38 patients
with PCa and BPH, respectively. All tested specimens were
positive for the beta-actin gene and showed PCR product
bands on 1.5% agarose gel. Therefore, all specimens had
suitable DNA for the next step PCR. Among the 95 samples,
P. acnes was detected in 61 (64.2%) patients. Of 57 PCa specimens, 39 (68.4%) P. acnes positive specimens were detected.
22 (57.9%) specimens in the BPH group were P. acnes positive, as well. No significant relationship was observed between the presence of P. acnes and the age of patients with
PCa and BPH (P = 0.25 and 0.84, respectively). The results of
this study showed that there was no significant difference
between the case group (prostate cancer) and the control
group (non-cancerous samples) regarding the frequency
of P. acnes (P-value > 0.05). In addition, there was no significant relationship between patients with PCa and control groups in terms of clinical symptoms, stage of tumor
progression, tumor type, tumor region in PCa pathological
degree, and age (P > 0.05).

4. Discussion
Prostate cancer is one the most relevant cancers and
a leading cause of morbidity and mortality among men
worldwide (19, 20). In Iran, there are no accurate data
about the incidence of prostate cancer, but it is estimated
that around 90,000 new cases of cancer are reported annually, of which 12 per 100000 cases are prostate cancer (21). The presence of P. acnes was strongly correlated with chronic inflammation, suggesting that this bacterium may have a potential role in cancer development
(22). Until now, there are scarce studies conducted to evaluate the prevalence of P. acnes in PCa or BPH. As far as we
know, there is no exact data about this issue reported from
Iran. Therefore, we investigated the possible role of P. acnes in PCa and BPH using PCR standard methods. Based
on the results of the present study, 68.4% of the PCa tissue samples contained P. acnes DNA. About 58% of the BPH
tissue samples as the control group were positive for this
bacterium, too. Although the positive rate was higher in
PCa than in BPH specimens, there was no statistical significance between these differences. This may be due to
that we could not use healthy tissue samples as the control
group. Investigators showed the role of chronic or recurrent inflammatory processes in the progression of BPH and
prostate cancer (23, 24). The high rate of positive results
for P. acnes in BPH tissues may consider this bacterium as
a predisposing factor for BPH, as well as PCa. Cohen et al.
in 2005 showed the presence of P. acnes in one-third of PCa
Arch Clin Infect Dis. 2018; 13(3):e58947.

tissue samples as the most common detected microorganism (25). By using fluorescence in situ hybridization, another study in 2007 reported the presence of P. acnes in 50%
of the radical prostatectomy specimens (26). P. acnes was
the most commonly cultured microorganism (17%) from
prostate samples in the study performed by Sfanos et al.
(24). Unequal tissue sample size and difference in bacterial
detection methods may explain the discrepancy between
the results of different studies. Similar to the current study,
Davidsson et al. evaluated the relationship between P. acnes and PCa on 100 cancerous and 50 non-cancerous samples by standard PCR. Based on the results of this study,
the prevalence of P. acnes in patients with PCa and control group was 60% and 26%, respectively, which indicates
a high prevalence of P. acnes in the cancer group compared
to the control group (27). The results of Davidsson et al.
in the cancer group confirm the findings of our study on
the high prevalence of P. acnes in cancerous specimens.
In other words, in both studies, the prevalence of P. acnes
is lower in the control group than in the PCa group. The
only difference between the results of these two studies
is the difference in the prevalence of P. acnes in the control group, which is 58% in the present study in comparison with 26% in the Davidsson and colleagues study. The
reason for this difference may be the use of benign samples instead of healthy samples, as the control group, in
the present study. Although these specimens are not cancerous, they may have some degrees of malignancy that
may affect the outcome of this study. That is why the prevalence of bacterial acne protein in the control samples of
this study was higher than that of Davidsson et al. study.
In addition, Davidsson et al. studied patients and healthy
people in the age range of 42 to 81 years-old while in our
study, the age range in both groups was 50 to 89 years. Regarding the fact that the study patients and control group
were older in this study, it can justify the high prevalence
of P. acnes in the control group of this study compared to
the study by Davidsson et al.

4.1. Conclusion
Due to the global prevalence of genitourinary infections and anatomic location of the prostate, this matter
that infectious agents may play a role as a risk factor in PCa
it is not surprising. The results of this study support the hypothesis of a relationship between P. acnes infections and
PCa and it can be concluded that the inflammatory effects
caused by this organism, together with other risk factors,
can be effective in PCa. Therefore, the early diagnosis and
early treatment of P. acnes infections can be used as a common method of prevention and treatment of PCa.
3

Dadashi M et al.

Acknowledgments
The authors would like to thank the cancer research
center of Shahid Beheshti University of Medical Sciences,
Tehran, Iran, for their sincere assistance and efforts to
make this project happen.
References
1. Black RJ, Bray F, Ferlay J, Parkin DM. Cancer incidence and mortality in
the European Union: Cancer registry data and estimates of national
incidence for 1990. Eur J Cancer. 1997;33(7):1075–107. doi: 10.1016/s09598049(96)00492-3.
2. Jemal A, Siegel R, Xu J, Ward E. Cancer Statistics, 2010. Cancer J Clin.
2010;60(5):277–300. doi: 10.3322/caac.20073.
3. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et
al. Cancer incidence and mortality worldwide: sources, methods and
major patterns in GLOBOCAN 2012. Int J Cancer. 2015;136(5):E359–86.
doi: 10.1002/ijc.29210. [PubMed: 25220842].
4. Mohagheghi MA, Mosavi-Jarrahi A, Malekzadeh R, Parkin M. Cancer incidence in Tehran metropolis: the first report from the
Tehran Population-based Cancer Registry, 1998-2001. Arch Iran Med.
2009;12(1):15–23. [PubMed: 19111024].
5. Nelson WG, De Marzo AM, Isaacs WB. Prostate cancer. N Engl J Med.
2003;349(4):366–81. doi: 10.1056/NEJMra021562. [PubMed: 12878745].
6. Lucas C, Barnich N, Nguyen HTT. Microbiota, Inflammation and Colorectal Cancer. Int J Mol Sci. 2017;18(6). doi: 10.3390/ijms18061310.
[PubMed: 28632155]. [PubMed Central: PMC5486131].
7. Sfanos KS, Hempel HA, De Marzo AM. The role of inflammation in
prostate cancer. Adv Exp Med Biol. 2014;816:153–81. doi: 10.1007/978-30348-0837-8_7. [PubMed: 24818723].
8. McDowell A, Valanne S, Ramage G, Tunney MM, Glenn JV, McLorinan GC, et al. Propionibacterium acnes types I and II represent phylogenetically distinct groups. J Clin Microbiol. 2005;43(1):326–34. doi:
10.1128/JCM.43.1.326-334.2005. [PubMed: 15634990]. [PubMed Central:
PMC540145].
9. Jakab E, Zbinden R, Gubler J, Ruef C, von Graevenitz A, Krause M.
Severe infections caused by Propionibacterium acnes: an underestimated pathogen in late postoperative infections. Yale J Biol
Med. 1996;69(6):477–82. [PubMed: 9436290]. [PubMed Central:
PMC2589039].
10. Homma JY, Abe C, Chosa H, Ueda K, Saegusa J, Nakayama M, et al. Bacteriological investigation on biopsy specimens from patients with sarcoidosis. Jpn J Exp Med. 1978;48(3):251–5. [PubMed: 713130].
11. Coenye T, Peeters E, Nelis HJ. Biofilm formation by Propionibacterium
acnes is associated with increased resistance to antimicrobial agents
and increased production of putative virulence factors. Res Microbiol. 2007;158(4):386–92. doi: 10.1016/j.resmic.2007.02.001. [PubMed:
17399956].
12. Fredricks DN. Microbial ecology of human skin in health and disease.
J Invest Derm Symp P. 2001;6(3):167–9.
13. Hadaway LC. Skin flora and infection. J Infus Nurs. 2003;26(1):44–8.
[PubMed: 12544366].

4

14. Roth RR, James WD. Microbiology of the skin: resident flora, ecology,
infection. J Am Acad Dermatol. 1989;20(3):367–90. [PubMed: 2645319].
15. Tacconelli E, Tumbarello M, Pittiruti M, Leone F, Lucia MB, Cauda
R, et al. Central venous catheter-related sepsis in a cohort of 366
hospitalised patients. Eur J Clin Microbiol Infect Dis. 1997;16(3):203–9.
[PubMed: 9131322].
16. Caputo GM, Archer GL, Calderwood SB, Dinubile MJ, Karchmer AW. Native valve endocarditis due to coagulase-negative staphylococci. Am J
Med. 1987;83(4):619–25. doi: 10.1016/0002-9343(87)90889-8.
17. Overturf GD, Sherman MP, Scheifele DW, Wong LC. Neonatal necrotizing enterocolitis associated with delta toxin-producing methicillinresistant Staphylococcus aureus. Pediatr Infect Dis J. 1990;9(2):88–91.
[PubMed: 2314957].
18. Vacheethasanee K, Marchant RE. Surfactant polymers designed to
suppress bacterial (Staphylococcus epidermidis) adhesion on biomaterials. J Biomed Mater Res. 2000;50(3):302–12. [PubMed: 10737871].
19. Gronberg
H.
Prostate
cancer
epidemiology.
Lancet.
2003;361(9360):859–64. doi: 10.1016/S0140-6736(03)12713-4. [PubMed:
12642065].
20. Malvezzi M, Carioli G, Bertuccio P, Rosso T, Boffetta P, Levi F, et
al. European cancer mortality predictions for the year 2016 with
focus on leukaemias. Ann Oncol. 2016;27(4):725–31. doi: 10.1093/annonc/mdw022. [PubMed: 26812903].
21. Pakzad R, Rafiemanesh H, Ghoncheh M, Sarmad A, Salehiniya H, Hosseini S, et al. Prostate Cancer in Iran: Trends in Incidence and Morphological and Epidemiological Characteristics. Asian Pac J Cancer Prev.
2016;17(2):839–43. [PubMed: 26925689].
22. Fassi Fehri L, Mak TN, Laube B, Brinkmann V, Ogilvie LA, Mollenkopf H, et al. Prevalence of Propionibacterium acnes in diseased prostates and its inflammatory and transforming activity on
prostate epithelial cells. Int J Med Microbiol. 2011;301(1):69–78. doi:
10.1016/j.ijmm.2010.08.014. [PubMed: 20943438].
23. Nelson JB. Observation for clinically localized prostate cancer. J
Clin Oncol. 2014;32(13):1295–8. doi: 10.1200/JCO.2013.54.2043. [PubMed:
24637994].
24. Sfanos KS, Isaacs WB, De Marzo AM. Infections and inflammation in
prostate cancer. Am J Clin Exp Urol. 2013;1(1):3–11. [PubMed: 25110720].
[PubMed Central: PMC4219279].
25. Cohen RJ, Shannon BA, McNeal JE, Shannon T, Garrett KL. Propionibacterium acnes associated with inflammation in radical prostatectomy specimens: a possible link to cancer evolution? J Urol.
2005;173(6):1969–74. doi: 10.1097/01.ju.0000158161.15277.78. [PubMed:
15879794].
26. Alexeyev OA, Marklund I, Shannon B, Golovleva I, Olsson J, Andersson C, et al. Direct visualization of Propionibacterium acnes in
prostate tissue by multicolor fluorescent in situ hybridization assay.
J Clin Microbiol. 2007;45(11):3721–8. doi: 10.1128/JCM.01543-07. [PubMed:
17881550]. [PubMed Central: PMC2168516].
27. Davidsson S, Molling P, Rider JR, Unemo M, Karlsson MG, Carlsson J,
et al. Frequency and typing of Propionibacterium acnes in prostate
tissue obtained from men with and without prostate cancer. Infect Agent Cancer. 2016;11:26. doi: 10.1186/s13027-016-0074-9. [PubMed:
27284286]. [PubMed Central: PMC4899914].

Arch Clin Infect Dis. 2018; 13(3):e58947.

