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have a history of chronic prostatitis, and in 10-
30% of those the disease progresses to prosta-
tic hyperplasia1. Additionally, erectile dysfunction 
(ED) is also present in 40-70% of patients with 
chronic prostatitis2. The determinant factors in 
the pathogenesis of prostatic hyperplasia include 
chronic prostatitis, advanced age and high andro-
gen levels. Histopathology studies in chronic pro-
statitis show increased numbers of T lymphocyte 
infiltration in prostatic epithelial tissues; activated 
lymphocytes release a variety of inflammation 
factors and mediators, which stimulate the pro-
liferation of epithelial and stromal cells, inhibit 
apoptosis and lead to prostatic hyperplasia3. HSP-
9 is one inflammatory factor stimulating the serum 
of other factors by T cells, and plays an important 
role in the progress of cell signaling pathways and 
activation of many inflammation factor genes4. 
The quality of sexual life in middle-aged  males 
with chronic prostatitis and ED is adversely af-
fected, and the efficacy of hormone replacement 
therapies and psychological  intervention do litt-
le to mitigate the problem. However, approaches 
targeting the inflammation may result in more ef-
fective treatments5. Based on this, the aim of this 
study was to investigate the effects of HSP-9 on 
the inflammation seen in patients with chronic 
prostatitis and ED. 

Patients and Methods

Patients
A total of 160 individuals were enrolled in 

the study during the period between January 
2015 and January 2016, and were assigned to 
one of four groups: Group A included 40 pa-
tients, admitted to our hospital with the diagno-
sis of chronic prostatitis with ED and without 
any previous treatment. The average age of in-
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Introduction

Chronic prostatitis is a common genitourinary 
problem in adult males, nearly 50~65% of males 
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dividuals was 42.5±13.6 years old, the average 
course of disease was 1.8±0.6 months and the 
average education level 16.3±5.5 years. Group 
B had 40 patients with simple chronic prosta-
titis; the average age was 44.3±15.7 years old, 
the average course of disease was 1.5±0.9 mon-
ths and the average education level 17.2±6.3 
years. Group C had 40 patients with simple ED; 
the average age was 42.8±14.5 years old, the 
average course of disease was 1.3±0.8 months 
and the average education level was 16.6±7.0 
years. Finally, Group D included 40 healthy 
volunteers; with an average age of 45.0±16.2 
years old, and an average education level of 
16.8±6.0 years. The age, course of disease and 
education level among the groups were all simi-
lar and played no role in determining differen-
ces amongst groups. 

The Ethics Committee of our hospital approved 
the research and the patients, or their relatives, si-
gned the informed consents. The following were 
the general inclusion criteria for the study: 1. Age 
from 18- to 60 years-old. 2. Diagnosis conformed 
to criteria of chronic prostatitis and ED. The ge-
neral exclusion criteria were: 1. Presence of pro-
static hyperplasia and prostatic cancer. 2. Presen-
ce of ED and a severe psychological disorder. 3. 
Presence of infection or an autoimmune disease. 
4. Patient non-complaint or unable to finish the 
questionnaire.

Chronic prostatitis was confirmed with a de-
tailed medical history, physical examination, and 
prostatic fluid examination with bacterioscopy, 
according to the standards for diagnosing chronic 
prostatitis (II/III type) by the National Institutes 
of Health (NIH). Exclusion criteria for ED were 
shown as below: hypertension, diabetes melli-
tus, liver or kidney dysfunctions; neuropsychic 
diseases, endocrine diseases; ED secondary to 
smoking, drinking, drug abuse and primary penis 
dysfunctions such as Peyronie’s disease, phal-
lic shortness, and developmental malformations 
were also excluded.

We employed the International Index of Erecti-
le Function-5 (IIEF-5) questionnaire to grade 
each patient with ED (mild: 12-21 points; mode-
rate: 8-11 points; severe: ≤7 points).

Research Methods
For each patient, serum levels of HSP-9, 

CRP, TNF-α, IL-6 and CD3 in serum were te-
sted by ELISA. 5 ml of fasting blood were taken 
from the peripheral elbow vein. After a 4000 g 
centrifugation for 20 minutes, the samples were 

then preserved in the -20˚C until ready to per-
form the tests all together. The ELISA kits were 
bought from R&D Systems (Minneapolis, MN, 
USA), and the tests were performed with strict 
adherence to the manufacturer’s instructions. 
The National Institutes of Health Chronic Pro-
statitis Symptom Index (NIH-CPSI) and the In-
ternational Index of Erectile Function-5 (IIEF-
5) scores were obtained by examining each 
individual in the study. The NIH-CPSI included 
three parts: pain or discomfort, urinary  symp-
toms and impact on life quality. Total scores wi-
thin 1-14 points were considered mild, scores 
within 15-29 points were moderate and within 
30-43 points severe. 

Statistical Analysis
The SPSS20.0 software (SPSS Inc., Chicago, 

IL, USA) was used for statistical analysis. Me-
asurement data were expressed as mean ± stan-
dard deviation, and comparisons among groups 
used single factor ANOVA analysis. The LSD 
method and the t-test of independent samples 
were also used for comparisons. Enumeration 
data were expressed as number of cases or per-
centages (%), for comparisons among groups χ2 

test was employed, and ranked data were pro-
cessed by the rank sum test. A difference with a 
p<0.05 was considered statistically significant.

Results

Comparison of the Serum Levels of 
HSP-9, CRP, TNF-a, IL-6 and CD3

The serum levels of HSP-9, CRP, TNF-α, IL-6 
and CD3 from groups A and B were significantly 
higher than those from groups C and D (p<0.05). 
However, there was no statistical difference 
between group A and group B (p>0.05). Similarly, 
the comparison between groups C and D yielded 
no significant difference (p>0.05) (Table I).

Comparison of NIH-CPSI Scores
NIH-CPSI scores in group A were higher than 

in group B. Group A had mostly moderately se-
vere cases, while group B presented more mild 
to moderate ones, the differences were statistical-
ly significant (p<0.05) (Table II).

Comparison of IIEF-5 Scores
IIEF-5 scores in the group A were higher (mo-

derately severe) than in the group C. The differen-
ces were significant (p<0.05) (Table III).
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Discussion
 
Studies have shown that both bacterial and 

non-bacterial chronic prostatitis in patients are 
related to immune and inflammatory  disorders6. 
CRP is a nonspecific acute  phase  response pro-
tein in the body wich has been found high in va-
rious diseases. With CRP ≥3.0 mg/l, the urinary 
symptoms in prostatitis patients are more intense, 
in particular, urgency becomes apparent7. Non-
steroidal anti-inflammatory agents can control 
inflammation, inhibit the cell proliferation and 
promote apoptosis8. A possible pathogenic me-
chanism in chronic prostatitis has T lymphocytes 
up-regulating proinflammatory growth factors 
and inducing cytokines that lead to hypertrophy 
of mesenchymal and epithelial cells, and induces 
matrix formation and angiogenesis. Generated by 
Th1 cells, IFN-γ, IL-2, TNF-α and FGF-2 take 
part in inflammation mediated by cells, promoting 
the secondary secretion of IL-6, IL-8 and IL-15. 
While IL4, IL-13 and IL-5 (generated by Th2 and 

negatively regulated by IFN-γ) activate the hu-
moral immunity and participate in antigen antibo-
dy reactions and anaphylaxis9. Through the loop 
effect of paracrine and autocrine cells, activated 
T lymphocytes stimulate the production of IL-2, 
IFN-γ, IL-6, IL-8, IL-17 and COX-2, which result 
in a chronic inflammatory immunological respon-
se in the local tissues of the prostate gland. Thus 
ensues the proliferation of mesenchymal, epithe-
lial cells and even fiber muscle cells10. The immu-
nological inflammation affecting prostatic mesen-
chymal cells leads to the long-term existence of a 
chronic inflammatory immunological response in 
the gland11. CD3 is an antigen differentiated from 
leukocytes; it connects with the T cell antigen re-
ceptor through a salt bridge to participate the si-
gnal transduction process in T cells. Multiple stu-
dies have demonstrated that 70-80% of activated 
T cells express CD3 during chronic prostatitis12,13. 

HSPs are a set of highly conserved proteins 
throughout evolution; they play important roles 
in maintaining cellular homeostasis, protein syn-

Table I. Comparison of the expression levels of HSP-9, CRP, TNF-α, IL-6 and CD3 in serum. 	

Groups	 HSP-9 (ng/mL)	 CRP (mg/L)	 TNF-a (ng/mL)	 IL-6 (ng/mL)	 CD3 (ng/mL)

A	 123.5 ± 35.6	 9.2 ± 2.0	 42.6 ± 7.7	 66.3 ± 14.2	 5.6 ± 1.5
B	 130.4 ± 40.2	 8.6 ± 2.2	 38.7 ± 8.0	 57.8 ± 13.5	 4.8 ± 1.2
C	 42.8 ± 12.3	 3.4 ± 0.6	 10.5 ± 2.3	 23.4 ± 6.9	 1.3 ± 0.4
D	 46.3 ± 14.7	 3.2 ± 0.5	 8.2 ± 2.4	 25.0 ± 6.2	 1.0 ± 0.3
F	 12.305	 8.527	 13.421	 9.234	 8.427
p	 <0.001	 <0.001	 <0.001	 <0.001	 <0.001	

Note: Group A, chronic prostatitis with ED; Group B, simple chronic prostatitis; Group C, simple ED; Group D, healthy volunteers.

Table II. Comparison of NIH-CPSI scores. 	

Groups 	 Cases 	 Scores 	 Mild 	 Moderate 	 Severe 

A	 40	 26.4 ± 4.5	 6 (15.0)	 20 (50.0)	 14 (35.0)
B	 40	 17.3 ± 4.3	 15 (37.5)	 19 (47.5)	 6 (15.0)
t (χ2)		  6.857	 7.083
p		  0.025	 0.029	

Table III. Comparison of IIEF-5 scores.	

Groups 	 Cases 	 Scores 	 Mild 	 Moderate 	 Severe 

A	 40	 10.5 ± 3.0	 10 (25.0)	 21 (52.5)	 9 (22.5)
C	 40	 16.6 ± 3.3	 23 (57.5)	 13 (32.5)	 4 (10.0)
t (χ2)		  6.425	 8.927
p		  0.030	 0.012
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thesis and normal transport of proteins onto the 
membrane. There is a direct relationship between 
the level of HSP-9 and that of prostatic specific 
antigen (PSA) in serum, which has moderately 
higher sensitivity and specificity in diagnosing 
prostatic cancer14. Molecular research has sug-
gested that the methylation of the 3’ terminus in 
the HSP-9 gene is higher in more severe forms of 
prostatitis, and probably reaches 20-25% in pro-
static cancer15. The occurrence of prostate cancer 
can be closely related to the chronic inflammation 
of the prostate; therefore, higher levels of HSP-
9 are also believed to correlate with cancer led 
by inflammation16. The efficacy of finasteride in 
treating prostatitis negatively correlates with a re-
duction in HSP-9 levels17. 

The causes of ED in chronic prostatitis relate 
to psychology, nerve reflexes and patency of the 
duct for semen passage. The symptoms of pro-
statitis itself and the psychological effects caused 
by prostatitis appear to be the important factors 
determining ED18. Results of the present study de-
monstrated that the serum levels of HSP-9, CRP, 
TNF-α, IL-6 and CD3 in groups A and B were hi-
gher than those in groups C and D. However there 
was no statistical difference between A and B or 
C and D. These results suggested that the abnor-
mal elevation of indicators in serum was related to 
the occurrence of chronic prostatitis, but not with 
the occurrence of simple ED. Also, the NIH-CPSI 
and IIEF-5 scores results seem to argue that in-
flammation may aggravate the clinical symptoms 
of chronic prostatitis with ED. An important di-
scovery of our study is that while primary ED has 
complicated occurrence mechanisms, an interven-
tion against the inflammatory response in patients 
with chronic prostatitis with ED might probably 
become an effective target for therapy.

Conclusions

The serum levels of HSP-9, CRP, TNF-α, IL-6 
and CD3 in patients with chronic prostatitis with 
ED were markedly elevated, and the scores of te-
sts for chronic prostatitis and ED symptoms are 
enhanced, indicating that inflammation level may 
well be related to the degree of symptoms. Howe-
ver, further studies are still required to verify this 
hypothesis. Our study may provide a potential 
therapeutics for chronic prostatitis with ED.

Conflicts of interest
The authors declare no conflicts of interest.

References

  1)	 Krieger JN, Thumbikat P. Bacterial  prostatitis: 
bacterial virulence, clinical outcomes, and new di-
rections. Microbiol Spectr 2016; 4: 23-24.

  2)	 Zhang Y, Zheng T, Tu X, Chen X, Wang Z, Chen S, 
Yang Q, Wan Z, Han D, Xiao H, Sun X, Deng C. 
Erectile dysfunction in  chronic  prostatitis/chro-
nic pelvic pain syndrome: outcomes from a mul-
ti-center study and risk factor analysis in a single 
center. PLoS One 2016; 11: e0153054. 

  3)	 Kouiavskaia DV, Southwood S, Berard CA, Klyushnen-
kova EN, Alexander RB. T-cell recognition of prosta-
tic peptides in men with chronic prostatitis/chronic 
pelvic pain syndrome. J Urol 2009; 182: 2483-
2489. 

  4)	 Jansen MA, van Herwijnen MJ, van Kooten PJ, Hoek 
A, van der Zee R, van Eden W, Broere F. Generation 
of the First TCR Transgenic Mouse with CD4(+) 
T Cells Recognizing an Anti-inflammatory Regula-
tory T Cell-Inducing Hsp70 Peptide. Front Immu-
nol 2016; 7: 90. 

  5)	 Zhang Z, Li Z, Yu Q, Wu C, Lu Z, Zhu F, Zhang H, 
Liao M, Li T, Chen W, Xian X, Tan A, Mo Z. The 
prevalence of and risk factors for prostatitis-like 
symptoms and its relation to erectile dysfunction 
in Chinese men. Andrology 2015; 3: 1119-1124.

  6)	 Denis LJ. Chronic prostatitis. Acta Urol Belg 1966; 
34: 49-56.

  7)	 Girgis SM, Ekladios E, Iskandar RM, El-Haggar S, Mo-
emen N, El-Kassem SM: C-reactive protein in semen 
and serum of men with chronic prostatitis. Andro-
logia 1983; 15: 151-154. 

  8)	 Liao CH, Chung SD, Kuo HC. Serum C-reactive 
protein levels are associated with residual ur-
gency symptoms in patients with benign prosta-
tic hyperplasia after medical treatment. Urology 
2011; 78: 1373-1378. 

  9)	 Hou Y, DeVoss J, Dao V, Kwek S, Simko JP, McNeel 
DG, Anderson MS, Fong L. An aberrant prostate an-
tigen-specific immune response causes prostatitis 
in mice and is associated with chronic prostatitis in 
humans. J Clin Invest 2009; 119: 2031-2041. 

10)	 Murphy SF, Schaeffer AJ, Done J, Wong L, Bell-Cohn A, 
Roman K, Cashy J, Ohlhausen M, Thumbikat P. IL17 Me-
diates Pelvic Pain in Experimental Autoimmune Pro-
statitis (EAP). PLoS One 2015; 10: e0125623.

11)	 Bostanci Y, Kazzazi A, Momtahen S, Laze J, Djavan B. 
Correlation between benign prostatic hyperplasia 
and inflammation. Curr Opin Urol 2013; 23: 5-10. 

12)	 Dikov D, Bachurska S, Staikov D, Sarafian V. Intrae-
pithelial lymphocytes in relation to NIH category 
IV prostatitis  in autopsy prostate. Prostate 2015; 
75: 1074-1084.

13)	 Breser ML, Motrich RD, Sanchez LR, Mackern-Oberti 
JP, Rivero VE. Expression of CXCR3 on specific T 
cells is essential for homing to the prostate gland 
in an experimental model of chronic  prostatitis/
chronic pelvic pain syndrome. J Immunol 2013; 
190: 3121-3133. 



HSP-9 inflammation in chronic prostatitis with erectile dysfunction

4189

14)	 Cornford PA, Dodson AR, Parsons KF, Desmond AD, 
Woolfenden A, Fordham M, Neoptolemos JP, Ke Y, 
Foster CS. Heat shock protein expression indepen-
dently predicts clinical outcome in prostate cancer. 
Cancer Res 2000; 60: 7099-7105.

15)	 Vasiljevic N, Ahmad AS, Beesley C, Thorat MA,  Fi-
sher G,  Berney DM,  Møller H,  Yu Y,  Lu YJ,  Cuzick 
J, Foster CS, Lorincz AT. Association between DNA 
methylation of HSPB1 and death in low Gleason 
score prostate cancer. Prostate Cancer Prostatic 
Dis 2013; 16: 35-40.

16)	 De Marzo AM, Platz EA, Sutcliffe S, Xu J, Grönb-
erg H, Drake CG, Nakai Y, Isaacs WB, Nelson WG. 

Inflammation in prostate carcinogenesis. Nat Rev 
Cancer 2007; 7: 256-269.

17)	 Adorini L, Penna G, Amuchastegui S, Cossetti C, Aqui-
lano F, Mariani R, Fibbi B, Morelli A, Uskokovic M, 
Colli E, Maggi M: Inhibition of prostate growth and 
inflammation by the vitamin D receptor agonist 
-BXL-628 (elocalcitol). J Steroid Biochem Mol Biol 
2007; 103: 689-693. 

18)	 Zhao Z, Xuan X, Zhang J, He J, Zeng G. A prospecti-
ve study on association of prostatic calcifications 
with sexual dysfunction in men with chronic pro-
statitis/chronic pelvic pain syndrome (CP/CPPS). 
J Sex Med 2014; 11: 2528-2536.


