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1  |  INTRODUC TION

Chronic prostatitis (CP) is a common but confusing urological disease 
that seriously affects men's lives and health and cannot be ignored.1,2 
The incidence rate is increasing, and the disease is affecting younger 
men.3 Long- term prostatitis affects male sexual function.4 The 

etiology and pathogenesis of CP are very complicated. Studies have 
shown that the detection of heat shock protein 70 (HSP70) levels in 
the expressed prostatic secretions (EPS) of CP patients suggests that 
it is involved in the process of inflammation.5 However, EPS can be 
obtained by anal prostate massage, which is rather painful, invasive, 
and intolerable for some patients; also, the amount of time the patient 
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Abstract
Objective: To explore the diagnostic value of the levels of prostatic exosomal protein 
(PSEP) and heat shock protein 70 (HSP70) in the urine of patients with chronic pros-
tatitis (CP).
Method: Urine	samples	from	210	CP	patients	(70	cases	of	the	USA	National	Institutes	
of	Health	Category	II	[NIH-	II],	70	NIH-	IIIa,	and	70	NIH-	IIIb	patients)	and	70	control	
subjects were collected between May 2018 and February 2020. The levels of PSEP 
and HSP70 in urine were detected by enzyme- linked immunosorbent assay. The dif-
ferences in urine PSEP and HSP70 levels between the groups were analyzed, and 
receiver operating characteristic (ROC) curves were used to analyze the clinical value 
of PSEP and HSP70 in the diagnosis of CP.
Results: The PSEP levels of CP patients were significantly higher than those of the 
control group (p < 0.001), but there was no difference in PSEP levels among CP sub-
groups.	The	level	of	HSP70	in	the	urine	of	the	NIH-	II	patients	was	significantly	lower	
than	the	levels	in	the	NIH-	IIIa	and	NIH-	IIIb	subgroups	and	the	control	group,	but	there	
was	no	difference	in	HSP70	levels	between	the	NIH-	IIIa	and	NIH-	IIIb	subgroups	and	
the control group. ROC curve analysis results showed that the area under the curve 
(AUC)	of	PSEP	for	the	NIH-	II,	NIH-	IIIa,	and	NIH-	IIIb	patients	was	0.751,	0.776,	and	
0.731,	respectively.	The	AUC	of	HSP70	in	NIH-	II	patients	was	0.784,	and	the	AUC	of	
combined	detection	of	PSEP	and	HSP70	in	NIH-	II	patients	was	0.858.
Conclusion: Urine PSEP can be used as a marker for the diagnosis of CP, but it cannot 
distinguish between the various types of CP, and HSP70 can be used as a diagnostic 
index	for	NIH-	II	classification.
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has been sexually abstinent as well as psychological factors can affect 
the detection of EPS. Therefore, there is an urgent need to find bio-
markers and detection methods that are non- invasive, stable, simple, 
fast, accurate, and reliable. In recent years, the detection of prostatic 
exosomal protein (PSEP) in the urine has been reported in the clinical 
diagnosis of CP,2,6 but since its diagnostic efficiency and application 
value are not completely clear, the study of urine PSEP and HSP70 in 
CP patients has not been reported. In this study, we measured and 
compared the levels of PSEP and HSP70 in the urine of patients with 
different types of CP and in control subjects and analyzed their role 
in the diagnosis and classification of chronic prostatitis.

2  |  MATERIAL S AND METHODS

2.1  |  Subjects

Between	May	2018	and	February	2020,	210	patients	with	obvious	
symptoms	 of	 chronic	 prostatitis	 syndrome	 who	met	 the	 National	
Institutes	 of	 Health	 (NIH)	 diagnostic	 criteria	 for	 prostatitis	 were	
selected	as	subjects	for	the	study.	Following	the	NIH	classification	
system,7	they	were	divided	into	three	groups:	70	cases	with	NIH-	Ⅱ, 
70	cases	with	NIH-	Ⅲa,	and	70	cases	with	NIH-	Ⅲb, with an average 
age	 of	 29.6	 years	 (range:	 19–	54	 years).	 Seventy	men	without	 any	
clinical symptoms were selected as the control group. In the control 
group, no abnormalities were detected in the physical examination, 
EPS routine, urine routine, or urine bacterial culture before and after 
massage.	The	control	group	was	20–	48	years	old,	with	an	average	
age	of	28.4	years	old.	All	patients	provided	a	detailed	medical	his-
tory, including medication history and sexual life, and patients with 
related diseases that may cause similar symptoms, such as diabetes, 
urethritis, epididymitis, varicocele, and rectal and perianal diseases, 
were excluded.

2.2  |  Sample collection

Two- millilitre urine specimens were collected from all subjects (both 
CP	patients	and	the	control	group)	and	stored	at	−80°C	for	PSEP	and	
HSP70 testing. The subjects were required to abstain from sex for 
3–	5	days	and	to	wash	and	disinfect	the	head	of	the	penis	and	outside	
the urethra before providing the specimens. Urine was taken before 
and after prostate massage for routine urine and urinary bacteria cul-
ture examination. The subjects were asked to position themselves on 
their chest and knees while a prostatic and anus examination was per-
formed and the prostatic fluid was massaged. This study was conducted 
under the guidance of the ethics committee of the research institution.

2.3  |  Sample testing

Enzyme-	linked	 immunosorbent	 assay	 (ELISA)	 was	 used	 according	
to the reagent instructions to detect PSEP and HSP70 in the urine 

samples of 210 cases of chronic prostatitis and 70 control subjects. 
The	PSEP	kit	was	provided	by	Jiangsu	Taicang	Angke	Biotechnology	
Co., Ltd., and the HSP70 kit was provided by Shanghai Enzyme Link 
Biotechnology	Co.,	Ltd.	The	researchers	read	and	recorded	the	ab-
sorbance value of the Radox RT- 6500 microplate reader in dual- 
wavelength mode (450 nm is the test wavelength; 630 nm is the 
reference wavelength). Then, standard curves were established 
according to the absorbance values of different concentrations of 
standard samples, and the patient values were compared with the 
positive standard well values to calculate the actual concentrations 
of PSEP and HSP70 of the test samples.

2.4  |  Statistical analysis

SPSS	21.0	software	(IBM)	was	used	for	statistical	analysis,	and	the	
Pearson chi- square test was used to compare the categorical vari-
ables.	The	nonparametric	Mann–	Whitney	U	test	was	used	to	com-
pare	continuous	variables.	The	Bonferroni	correction	was	applied	to	
comparisons between groups, and p < 0.0125 was considered statis-
tically	significant.	The	area	under	curve	(AUC)	of	the	ROC	was	used	
to evaluate the specificity and sensitivity of the obtained PSEP and 
HSP70 measurements to evaluate their clinical value for the diag-
nosis of CP.

3  |  RESULTS

3.1  |  Comparison of urine PSEP and HSP70 levels

The baseline characteristics of the study subjects are shown in 
Table 1; there was no significant difference in age or body mass 
index distribution between the CP patients and the control group. 
The	 PSEP	 levels	 of	 the	 NIH-	II,	 NIH-	IIIa,	 and	 NIH-	IIIb	 subgroups	
of CP patients were significantly higher than those of the control 
group (p < 0.001), but there was no difference in PSEP levels among 
the CP subgroups (p > 0.0125). The level of HSP70 in the urine 
of	NIH-	II	patients	was	significantly	lower	than	that	of	the	NIH-	IIIa	
and	NIH-	IIIb	 subgroups	 and	 the	 control	 group,	 but	 there	was	 no	
difference	in	HSP70	levels	between	the	NIH-	IIIa	and	NIH-	IIIb	sub-
groups and the control group (Figure 1). The total imprecision of 
PSPE and HSP70 evaluated by the calibrator was 13.3% and 11.4%, 
respectively.

3.2  |  The comparison of sensitivity, specificity, 
positive predictive value, and negative predictive 
value of PSEP and HSP70

To further evaluate the diagnostic ability of PSEP and HSP70 for 
CP, the area under the ROC curve was used to evaluate the speci-
ficity and sensitivity in CP patients with significantly different ex-
pressions	of	PSEP	and	HSP70.	The	results	showed	that	the	AUC	of	
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PSEP	in	NIH-	II,	NIH-	IIIa,	and	NIH-	IIIb	patients	was	0.751,	0.776,	and	
0.731,	respectively.	The	AUC	of	HSP70	in	NIH-	II	patients	was	0.784	
(Figure	2),	and	the	AUC	of	combined	detection	of	PSEP	and	HSP70	
in	NIH-	II	patients	was	0.858	(Figure	3).	According	to	the	ROC	curve,	
the	cutoff	value	of	PSEP	 in	diagnosing	NIH-	II	patients	 is	1.89	ng/
ml, and the sensitivity, specificity, positive predictive value, negative 
predictive	value,	and	total	diagnosis	rate	are	61.4%,	84.3%,	79.6%,	
68.6%,	and	72.9%,	respectively.	The	sensitivity,	specificity,	positive	
predictive value, negative predictive value, and total diagnostic rate 
of	HSP70	at	a	cutoff	value	of	60.5	pg/ml	were	82.9%,	61.4%,	68.2%,	
78.2%, and 72.1%, respectively. The sensitivity, specificity, posi-
tive predictive value, negative predictive value, and total diagnostic 
rate	of	the	combined	detection	of	PSEP	and	HSP70	for	NIH-	II	diag-
nosis	were	91.4%,	 85.7%,	 86.5%,	 90.9%,	 and	88.6%,	 respectively.	
Sensitivity, specificity, and total diagnosis rate are all higher than 
those of independent testing (Table 2). Similarly, in patients with 
NIH-	IIIa,	 the	 cutoff	 of	PSEP	 is	0.99	ng/ml,	 and	 the	 corresponding	
detection sensitivity, specificity, positive predictive value, nega-
tive	 predictive	 value,	 and	 total	 diagnostic	 rate	 are	 75.7%,	 72.9%,	
73.6%,	75.0%,	and	74.3%,	respectively.	In	the	diagnosis	of	NIH-	IIIb	
patients, the detection sensitivity, specificity, positive predictive 
value, negative predictive value, and total diagnostic rate of PSEP at 
a	cutoff	of	0.99	ng/ml	were	67.1%,	72.9%,	71.2%,	68.9%,	and	70.0%,	
respectively.

4  |  DISCUSSION

Chronic prostatitis is a common disease in adult men.8,9 The etiol-
ogy and pathogenesis of chronic prostatitis are complicated, and 
laboratory examination methods are limited. More than 10% of 
adult men have prostatitis- like symptoms, and the quality of life 
of some of them is seriously affected.10 Therefore, there is an 
urgent need to find representative diagnostic markers. Research 
on the pathogenesis of CP has transitioned from a focus on the 
performance of cell function in inflammatory response to a focus 
on the mechanisms that regulate immune response. In this study, 
PSEP and HSP70 levels in the urine of CP patients were detected, 
and their clinical value as diagnostic markers of CP was evaluated 
with the aim of finding a simple, non- invasive, and painless de-
tection method to reduce patients’ pain and trauma. The results 
showed that, compared with the control group, the PSEP levels 
detected in the samples of the CP subgroups were significantly 
higher (p < 0.001). ROC curve analysis results showed that the 
AUC	 of	 the	NIH-	II,	 NIH-	IIIa,	 and	NIH-	IIIb	 subgroups	was	 0.779,	
0.77, and 0.745, respectively. It is suggested that PSEP has op-
erability and value as a clinical diagnosis for chronic prostatitis. 
However,	 the	 expression	 levels	 of	 PSEP	 in	 patients	with	NIH-	II,	
NIH-	IIIa,	and	NIH-	IIIb	were	not	statistically	different	(p > 0.0125). 
It	 can	 be	 seen	 that	 PSEP	 is	 not	 useful	 for	 identifying	 the	 NIH	

Characteristic

CP

ControlNIH- II NIH- IIIa NIH- IIIb

Age	(years) 35 ± 10.3 34	±	9.2 33 ± 10.1 36	±	8.9

BMI	(kg/m2) 23 ± 2.3 23 ± 2.1 24	±	1.9 23 ± 2.0

PSEP (ng/ml) 3.27 ± 3.34* 3.05 ± 3.06* 2.88 ± 3.04* 0.91	±	0.84

HSP70 (pg/ml) 56.47 ± 4.65** 62.22 ± 5.60 63.28	±	8.92 64.88 ± 14.48

Note: Comparison to control group, *p	<	0.0125;	Comparison	to	NIH-	IIIa	group,	NIH-	IIIb	group,	and	
control group, **p < 0.0125.
Abbreviations:	BMI,	body	mass	index;	CP,	chronic	prostatitis;	HSP70,	heat	shock	protein	70;	NIH,	
The	National	Institutes	of	Health;	PSEP,	prostatic	exosomal	protein.

TA B L E  1 Baseline	characteristics	of	the	
patients with CP and controls

F I G U R E  1 The	levels	of	prostatic	exosomal	protein	(PSEP)	in	the	patients	with	NIH-	II,	NIH-	IIIa,	and	NIH-	IIIb	were	significantly	higher	
than in the control group (p < 0.001), but there was no significant difference between the CP groups. The levels of heat shock protein 70 
(HSP70)	in	the	patients	with	NIH-	II	were	significantly	lower	than	those	of	the	NIH-	IIIa,	NIH-	IIIb,	and	control	group	(p < 0.001), but there was 
no	significant	difference	between	the	NIH-	IIIa,	NIH-	IIIb,	and	control	group
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classification subtypes of CP, which is consistent with our previous 
report.11,12 This may be because CP is caused by a variety of eti-
ologies, including complex pathological changes such as immunity, 
pathogenicity, and neuroendocrine inflammation. The common 
feature of these pathological changes is the increase in PSEP lev-
els, but there is no difference in PSEP levels among CP subgroups. 

It is speculated that the secretion concentration does not increase 
with the increase in the severity of inflammation because when 
the tissue in CP is infiltrated by inflammatory cells, it releases 
prostaglandin bodies.13,14 The release of prostate corpuscles is af-
fected by the pathogenesis or etiology of CP. If the etiology or 
pathological	changes	of	NIH-	IIIb–	type	CP	patients	are	consistent	

F I G U R E  2 The	predictive	value	of	
urinary prostatic exosomal protein (PSEP) 
and heat shock protein 70 (HSP70) levels 
in the diagnosis of chronic prostatitis with 
NIH-	II,	NIH-	IIIa,	and	NIH-	IIIb

F I G U R E  3 The	predictive	value	of	
combined detection of urinary prostatic 
exosomal protein (PSEP) and heat shock 
protein 70 (HSP70) levels in the diagnosis 
of	chronic	prostatitis	with	NIH-	II
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with types IIIa and II, they may release almost the same number 
of prostate corpuscles, so the level of PSEP excreted in the urine 
is also similar.

HSP70, also known as the stress protein, is related to a vari-
ety of environmental stimuli.15 HSP70 induced by bacterial infec-
tion is an important substance that protects cells from damage 
to cell function caused by an inflammatory reaction during bacte-
rial infection by refolding and stabilizing denatured proteins.16,17 
Nickerson	et	al18 found that the content of inflammatory cytokine 
HSP70 increased significantly in rats infected with Escherichia 
coli. Zhang et al19 showed that HSP70 participates in the immune 
response to bacterial attack and heat stress, and the expression 
of HSP70 is up- regulated after a bacterial attack. The pathogen-
esis	 of	 bacterial	NIH-	Ⅱ is chronic prostatitis caused by bacterial 
infection. When monocytes and macrophages are stimulated by 
bacterial toxins, a large amount of HSP70 is synthesized and re-
leased. When bacteria invade, a large amount of HSP70 is an im-
portant defense response of the host against bacterial infection. 
In patients with chronic bacterial prostatitis, the cytoprotective 
effect of HSP70 plays a vital role in regulating the function of cells 
infected by bacteria, and HSP70 may become an indicator of the 
severity of CP.

Therefore, this study tried to detect HSP70 levels in the urine of 
different types of CP patients and control subjects to see whether 
different subtypes of CP could be identified based on PSEP. The re-
sults	showed	that	the	expression	level	of	HSP70	in	the	NIH-	II	group	
was	lower	than	that	of	the	NIH-	IIIa	and	NIH-	IIIb	subgroups	and	the	
control group (p < 0.001), but there was no significant difference in 
the	 expression	 level	 of	HSP70	between	 the	NIH-	IIIa	 and	NIH-	IIIb	
subgroups and the control group (p > 0.0125). Interestingly, this re-
sult is contrary to the expression level of HSP70 in the prostatic fluid 
of CP patients reported by Guo et al.5 The reason may be that when 
NIH-	II	patients	are	infected	with	bacteria,	the	surface	receptors	of	
monocytes and macrophages recognize the bacteria and release a 
large amount of HSP70.20,21	As	the	main	lesion	is	located	in	the	pros-
tate, a large amount of HSP70 is released into the prostatic fluid to 
protect the cells by resisting the invasion of bacteria; then, the level 
of HSP70 is reduced when it is excreted with urine. This hypothe-
sis	needs	to	be	confirmed.	Also,	the	sensitivity,	specificity,	and	total	
diagnostic efficiency were increased by applying the combined de-
tection	of	PSEP	and	HSP70	to	NIH-	II,	which	were	91.4%,	85.7%,	and	

88.6%,	 respectively,	 and	AUC	was	 also	 increased	 to	 0.858,	which	
was more valuable than a single test.

This study has some limitations. First, the sample size is limited, 
so the ROC curve was obtained from a few samples. Second, the 
sensitivity of PSEP and HSP70 can be improved by detecting the 
initial urine or the urine after ejaculation. However, the secondary 
antibody	in	the	ELISA	kit	 is	an	HRP-	labeled	antibody,	and	the	bac-
teria in the initial urine may interfere with HRP and produce false- 
positive results.

In summary, urine PSEP has good application value for the diag-
nosis of chronic prostatitis, but PSEP cannot distinguish the various 
subtypes of CP. In contrast, urine HSP70 may become an important 
basis	for	distinguishing	NIH-	II	CP	patients.	Therefore,	the	levels	of	
PSEP and HSP70 in urine may be reliable biomarkers for the diag-
nosis of CP, which can effectively improve the accuracy of CP di-
agnosis. Early diagnosis of chronic prostatitis can be achieved only 
through urine testing. The application of this detection method may 
address the shortcomings of the current clinical diagnosis of CP, 
such as strong subjectivity and certain painful detection methods, 
and provide a novel, simple, easy, non- invasive, and painless molec-
ular detection method for the diagnosis of CP.

5  |  CONCLUSION

Urine PSEP can be used as a marker for the diagnosis of CP, but it 
cannot distinguish the CP subtypes, and HSP70 can be used as a 
diagnostic	index	for	NIH-	II	classification.	Both	provide	a	novel,	sim-
ple, non- invasive, and painless molecular detection method for CP 
diagnosis.
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TA B L E  2 The	comparison	of	sensitivity,	specificity,	positive	predictive	value,	and	negative	predictive	value	of	PSEP	and	HSP70

Test Group Sensitivity Specificity
Positive predictive 
value (PPV)

Negative predictive 
value (NPV)

Total diagnosis 
rate

PSEP NIH-	II 61.4 (43/70) 84.3	(59/70) 79.6	(43/54) 68.6	(59/86) 72.9	(102/140)

NIH-	IIIa 75.7 (53/70) 72.9	(51/70) 73.6 (53/72) 75.0 (51/68) 74.3 (104/140)

NIH-	IIIb 67.1 (47/70) 72.9	(51/70) 71.2 (47/66) 68.9	(51/74) 70.0	(98/140)

HSP70 NIH-	II 82.9	(58/70) 61.4 (43/70) 68.2 (58/85) 78.2 (43/55) 72.1 (101/140)

PSEP combined 
with HSP70

NIH-	II 91.4	(64/70) 85.7 (60/70) 86.5 (64/74) 90.9	(60/66) 88.6 (124/140)

Abbreviations:	CP,	chronic	prostatitis;	HSP70,	heat	shock	protein	70;	NIH,	The	National	Institutes	of	Health;	PSEP,	prostatic	exosomal	protein.
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