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Abstract

Objective: To detect the expression of TNF-« and IL-6 in simple benign prostatic hyperplasia (BPH) and BPH combined with
prostatitis, and to evaluate the effect of inflammation of the development and progression of BPH.

Methods: Specimens of 90 patients with BPH underwent transurethral resection of prostate (TURP) were obtained. All speci-
mens were divided histologically by HE staining into group of 35 cases of simple BPH (A group) and group of 55 cases of BPH
combined with prostatitis (B group). Proteins levels of TNF-« and IL-6 were examined by immunohistochemistry. All patients’
clinical indicators including PSA, prostate volume, age, urinary flow rate were recorded, and all patients were diagnosed as BPH
by pathology.

Results: All patients of B group were found combined with chronic prostatitis. The constituent ratio was 61%. Patients’ prostate
volume and PSA of B group were significant higher than A group (p < .05), but there were no significant differences in urine
flow rate and patients’ age (p > .05). As compared with A group, the expression of TNF-a and IL-6 significantly increased in
B group (p < .05). The results of analysis were as follows: there existed a moderate correlation between prostate volume and
patients’ age (r = 0.430, p < .001); there existed a moderate correlation between prostate volume and the degree of inflammation
(r=10.610 and r = 0.609, p < .01); there existed a moderate correlation between PSA and the degree of inflammation (r = 0.572
and r = 0.487, p < .01); there was not significant correlation between PSA and patients’ age (r = 0.065, p > .1); controlling
influence of the age factor by partial correlation analysis, there was still a significant correlation between the prostate volume
and level of inflammation.

Conclusions: Most BPH patients are combined with prostatitis especially chronic inflammation. TNF-« and IL-6 are two-pro-
inflammation cytokines, which obtain high expression in the prostate tissue combined with histological inflammation. Patients’
prostate volume and PSA of BPH combined with prostatitis are significantly higher than those of simple BPH. However, there
are no significant differences in urine flow rate and patients’ age. These two cytokines may play an important part in promoting
BPH and secretion of PSA.
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Benign prostatic hyperplasia (BPH) is one of the common
diseases among elderly population. It is mainly charac-
terized by urgency, frequent micturition and dysuria. The
quality of life of elderly men is greatly influenced by the
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disease. Population aging is the development trend in the
world, resulting in lower urinary tract symptoms (LUTS)
due to BPH. It may affect the normal life of the patients in
less severe cases. Even worse, the disease would influence
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renal function in patients with full bladder in a long-term.
Therefore, BPH has attracted more and more attention from
the academic community. At the beginning of last century,
the global medical workers studied the etiology of BPH, and
put forward a lot about the etiology of BPH hypothesis, such
as sex hormone imbalance, dihydrotestosterone (DTH) and
stem cell hypothesis. However, regardless of the hypothesis,
there is no sufficient evidence to explain the pathogenesis of
BPH. Recently, scholars have found that inflammation has
a significant impact on BPH, and put forward several possi-
ble hypotheses, including inflammatory-hormone theory,!!
oxidative stress theory,’?! and vitamin D pathway theory."!
According to the new classification method by National In-
stitutes of Health (NIH) of the United States,/*! the patients
with prostatic hyperplasia associated with inflammation are
attributed to type IV prostatitis, that is, asymptomatic in-
flammatory prostatitis (AIP). In other words, there is no
manifestation of clinical symptoms only in the microscopic
examination of inflammatory changes or other signs of in-
flammation. In order to investigate the relationship between
the occurrence and development of inflammation and BPH,
we collected 90 specimens of BPH by TURP and the ex-
pressions of TNF-a and IL-6 in all samples were detected
by immunohistochemical method. The results are reported
as follows.

1 Materials and methods
1.1 Collection of specimens

From February 2011 to October 2013, 90 BPH tissues of the
transurethral resection of prostate (TURP) were collected
from our hospital. The patients were ranging in age from
52 to 82 years, with an average of (69.61 £ 7.30) years old
and a medical history of 0.5 to 10 years, with an average
of 5.2 years. Before admission, 5 patients had acute uri-
nary retention. The incised specimen was quickly sent for
the pathological examination when blood clot was removed.
The pathology department teacher selected specimens and
fixed with 10% neutral formaldehyde solution. The routine
wax block was embedded and preserved. The 90 specimens
were stained by HE staining and divided into 35 cases (A
group) and 55 cases (B group).

1.2 Detection method

Rabbit anti-human IL-6 monoclonal antibody and Rabbit
anti-human TNF-a monoclonal antibody were chosen and
purchased in Wuhan Doctorate Biological Engineering Co.,
Ltd.

The paraffin slice of 4 um was routinely dewaxed with gra-
dient ethanol into the water and incubated with 3% hydro-
gen peroxide for 5 min, then the slice was washed by phos-
phate buffer solution (PBS) to repair the thermal antigen.
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After blocked by 3% goat serum, anti IL-6 and TNF-a were
added and incubated at 4°C for night. The slice was then
washed by PBS. Afterwards, the second antibody (HRP la-
beled Goat anti-mouse IgG antibody) was added and incu-
bated at 4°C in wet box for 20 min. The slice was then
washed by PBS, followed by DAB chromogenic reagent,
hematoxylin staining, differentiation, back to blue, gradient
ethanol dehydration, xylene transparent, and neutral resin
mounting.

1.3 The criteria for the determination of immuno-
histochemistry

Under double blindness, the specimens were observed by
two doctors at the middle level and above in the pathol-
ogy department. Each specimen was randomly selected for
10-15 high magnification (100 or 400 times), and the results
were determined by semi-quantitative integration. Accord-
ing to the dyeing strength score, the standard is as follows:
colorless (0), light yellow (1), brownish yellow (2), brown
(3). According to the percentage of the positive cells score,
0 refers to negative (0%-5%), 1 refers to the number of pos-
itive cells accounting for 5%-25%, 2 for 26%-50%, 3 for
51%-75%, and 4 for > 75%. The integral is the sum of
the two points above. Classification standard: (1) negative
(-): 0-1; weak positive (+): 2-3; positive (++): 4-5; strongly
positive (+++): 6-7.

1.4 The morphologic standard of histopathology!®!

The morphological criteria of histology were: 1) infiltration
of inflammatory cells around glands; 2) inflammatory cells
infiltrated around the glandular canal, 3) the epithelium of
glands had different degrees of destruction. It is necessary to
employ the three items at the same time to diagnose chronic
prostatitis.

1.5 Statistical method

All statistical data were input into the SPSS17.0 statisti-
cal software package for analysis, using independent sam-
ple variance homogeneity test, two-sample ¢ test and Mann-
Whitney U test. The difference between p < .05 was statis-
tically significant. Pearson correlation coefficient and Sp-
carman correlation coefficient described correlation and co-
variance test.

2 Results

Immunohistochemical results showed that IL-6 was mainly
expressed on the basal part of prostatic epithelial cells, and
there was a small amount of expression in the acinus. It was
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also expressed in prostatic stroma and infiltrating inflamma-
tory cells, which showed brownish yellow granules in cy-
toplasm and acinus (see Figure 1-1). TNF-a was mainly
expressed in the epithelial cells of the prostate, and a large
number of brownish yellow granules were found in the cy-
toplasm (see Figure 1-2).

Figure 1: Expression of IL-6 and TNF-« in BPH in
inflammatory tissues with BPH

Comparison of expression of IL-6 and TNF-« in the two
groups was made (see Table 1).

In Table 1, the expression of IL-6 and TNF-« in B group
was significantly higher than A group, the difference was
statistically significant (p < .05).

The comparison of the differences between the two groups
of clinical indicators was shown in Table 2.

As seen from Table 2, there was a significant difference in
PSA level and volume between the two groups (p < .01).
However, there was no significant difference in age and
urine flow rate between the two groups (p > .05).

The relationships between IL-6, TNF-«, age and BPH vol-
ume, PSA were shown in Table 3.

As seen from Table 3, IL-6 and TNF-a were positively cor-
related with prostate volume and PSA level, while age was
weakly correlated with prostate volume but not related to
PSA level.

Controlling influence of the age factor by partial correlation,
correlation of IL-6, TNF-« and prostate volume was shown
in Table 4.

Table 1: Comparison of expression of IL-6 and TNF-« in the two groups

IL-6 TNF-a
Groups Cases p-value p-value
++ +++ ++ +++
A group 35 21 12 2 <05 23 11 1 <01
B group 55 18 29 8 17 31 7
Table 2: Differences between the two groups of clinical indicators
Clinical indicators A group B group p-value
Cases 35 55
PSA/ug-L™* 8.08 £7.26 428 +3.78 <.01
Urine flow rate/ml+s™ 4.83 +£2.39 5.11 +2.56 > .05
Agelyears 69.37 +6.87 69.76 +7.61 > .05
Volume/ml 103.61 +35.14 160.07 +=78.16 <.01
Note. Mann Whitney U test was used
Table 3: Relationship between IL-6, TNF-«, age and BPH volume, PSA
Test value IL-6 TNF-o Age
PSA Volume PSA Volume PSA Volume
r-value 0.572 0.610 0.487 0.609 0.065 0.430
p-value .000 .000 .000 .000 544 .000

Note. The correlation was significant when the confidence level was 0.01

Table 4: Correlation of IL-6, TNF-« and prostate volume after controlling influence of the age factor by partial

correlation
Indicator IL-6 TNF-a
correlation 1.000 0.565 1.000 0.552
Inflammation significance 0 0
df 0 87 0 87
correlation 0.565 1.000 0.552 1.000
Prostate volume significance 0 0
df 87 0 87 0

Note. The cell contains the zero order (Pearson) correlation
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It could be seen from Table 4 that after controlling influence
of the age factor, IL-6, TNF-« and prostate volume was pos-
itively correlated.

3 Discussion

BPH is a common disease in the Department of Urology.
Even today, few scholars have been able to define the etiol-
ogy and pathogenesis of them. Although the pathogenesis
of BPH is not clear in molecular biology, previous studies
by epidemiologic researchers believe that age and androgen
dependence are the two necessary conditions for the onset
of BPH.!®! Recently, scholars have suggested that besides
the two factors of androgen and aging, inflammation may
be another risk factor in its pathogenesis.!”)

A total of 3,942 patients with BPH were analyzed retrospec-
tively by Silverio’s team,!8 and found that 1,700 of the BPH
patients were associated with chronic inflammation.

According to the finding in the rat model, the proliferation of
epithelial cells could be induced by stimulating the prostatic
prostate in rats with inflammatory factors, and its prolifera-
tive lesions were similar to BPH nodules./! Although phys-
iological and pathological changes of BPH are not clear, the
symptoms of lower urinary tract will be significantly ag-
gravated when BPH patients are combined with prostati-
tis.'% In recent years, through epidemiological studies,
some scholars!!!! discovered that BPH patients combined
with prostatitis had more severe symptoms. Pathologically,
it was found that the symptoms of BPH patients were pro-
gressing rapidly and the average score of IPSS was in-
creased. In more than 8,000 cases of BPH patients by RE-
DUCE for a period of 4 years of research,['?! it was detected
that more than 78% of patients were with chronic inflamma-
tion, and the IPSS score of the inflammation group was sig-
nificantly higher than the patients with BPH (p < .001), but
the correlation between IPSS scores and inflammation was
weak. The nonsteroidal anti-inflammatory drug, rofecoxib
combined with finasteride, was compared with the simple
use of finasteride in Silverio’s study,!"*! and followed up for
24 weeks. In the first 4 weeks, the IPSS score (p = .0001)
in the combined treatment group was significantly improved
as well as the maximum urinary flow rate (Qmax) (p = .03),
while the finasteride group did not change. At the 24"
weeks, there was no significant difference in the improve-
ment of symptoms between the two groups. It was con-
cluded that early use of anti-inflammatory drugs could bet-
ter improve the symptoms of BPH. 5« reductase inhibitors
would play an important role when BPH is dominated by
hormone after inflammatory control.t'3!

IL-6 is an important pro-inflammatory factor. Tissues pro-
duce IL-6 and IL-8 through autocrine or paracrine ways, and
then recruit the accumulation of T cells to produce an in-
flammatory response. The space left by the inflammatory
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response in prostate tissue is filled up with fibromuscular
nodules by Th0/Th3 immune process.''¥ Royuela et al.[!>!
found that IL-6 located in the matrix and luminal epithelial
cells of BPH tissues by immunohistochemistry analysis. It
was found that IL-6 was mainly expressed in the cytoplasm
and nucleus of the epithelial cells of the prostate, and as well
as in the stromal cells. Moreover, the expression level of
IL-6 in the inflammatory group (B group) was significantly
higher than that in the simple group (A group) (p < .01),
indicating that the proinflammatory factor IL-6 was highly
expressed in the BPH glands with inflammation.

In 2005, in the long-term large-scale research of MTOPS,
1,197 patients with BPH underwent prostate biopsy, and
43% of them had prostatitis. The results also demonstrated
that the prostate volume of BPH patients with medical his-
tory of prostatitis was larger, and the level of PSA was
higher."®! The results of this study were similar to those
of MOTPS, in the inflammatory group, expression of IL-6
was more obvious. The urine flow rate was not affected by
the inflammatory factors in the patients, and the PSA level
was not affected by age. The volume of BPH and the level
of PSA were positively correlated with the degree of inflam-
mation. A total of 676 patients with BPH were studied by
Schenk et al.l'”! and he found that the effect of IL-6 on
BPH was more obvious in patients younger than 65 years
old. In that case, they believed that the inflammation on
BPH may be affected by age. Regardless of age factor, our
study discovered the positive correlation between inflamma-
tion and the volume of BPH and the level of PSA. Results
also showed strong correlation between volume of BPH and
IL-6 and PSA levels. Therefore, inflammation may be a risk
factor for the impact of BPH.

Sun GH et al.'"® showed that TNF-a was expressed in BPH,
prostate cancer and normal prostate tissue through immuno-
histochemical experiments. While in BPH tissues, the ex-
pression of TNF-a was the most obvious, and the difference
was statistically significant (p < .05). They believed that the
high expression of TNF-« in prostate tissue of BPH patients
might be due to the inflammatory reaction caused by hyper-
plasia of prostate tissue and destruction of tissue structure. It
was proved that chronic inflammation played an important
role in BPH. Nadler et al.'®! also confirmed that changes
of TNF-a numbers were positively correlated with the de-
gree of inflammation in patients with inflammatory chronic
pelvic pain syndrome and chronic abacterial prostatitis. The
results of this study verified that there were obvious dif-
ferences in the expression of TNF-« in the simple group
and the inflammation group (p < .01). Chen YY et al.?%
conducted a placebo control experiment on BPH patients.
TNF-« was found significant different in serum, indicating
that the inflammatory response of BPH patients was more
severe than that of non BPH patients. And the IPSS score
was positively correlated with TNF-o. Bouraoui et al.[>!!
studied the relationship between prostatic inflammatory cy-
tokines and serum PSA level. It was found that TNF-« in
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BPH group was only expressed in patients with PSA < 20
pg/L. In this study, the expression of TNF-« could be seen
in all sections on the slice through by immunochemistry.
Results demonstrated that TNF-o and BPH volume were
positively correlated with PSA. Therefore, we could draw
a conclusion that inflammation may have a positive effect
on the volume of BPH and PSA.

Prostatitis may be an important cause of the production of
BPH, but its causality is not yet clear. The body maintains T
cell activity through the autoimmune mechanism. The stim-

References

[1] Djavan B, Eckersberger E, Espeinisa G, et al. Complex mechanism
in prostatic inflammation response. Eur Rtol. 2009; 8(Suppl): 872-
878.

[2] Naber KG, Weidner W. Chronic prostatitis-an infectious disease. J
Antimicrob Chemother. 2000; 46: 157-161. https://doi.org/
10.1093/jac/46.2.157

[3] Penna G, Fibbi B, Amuchastegui S, et al. The vitamin D receptor ag-
onist elocalcitol inhibits IL-8-dependent benign prostatic hyperpla-
sia stromal cell proliferation and inflammatory response by targeting
the RhoA/Rhokinase and NF-kappaB pathways. Prostate, 2009, 69:
480-493. PMid: 19107880. https://doi.org/10.1002/pros.
20896

[4] Krieger JN, Nyberg L, Nickel JC. NIH consensus Definition and
classification of prostatitis. JAMA. 1999(282): 236-237. PMid:
10422990. https://doi.org/10.1001/jama.282.3.236

[5] Nickel JC, True LD, Krieger JN, et al. Consensus development of
a histological classification system for chronic prostatic inflamma-
tion. BJU Int. 2001; 87(9): 797-805. PMid: 11412216. https:
//doi.org/10.1046/j.1464-410x.2001.02193.x

[6] Alcaraz A, Hammerer P, Tubaro A, et al. Is there evidence of a re-
lationship between begign prostatic hyper-plasia and prostate can-
cer? Findings of a literature review. Eur Urol. 2009; 55: 864-
875. PMid: 19027219. https://doi.org/10.1016/j.eururo.
2008.11.011

[7]1 Bouraoui Y, Ricote M, Garcia-Turién I, et al. Pro-inflammatory
cytokines and prostate-specific antigen in hyperplasia and human
prostate cancer. Cancer Detect Prev. 2008; 32: 23-32. PMid:
8400418. https://doi.org/10.1016/j.cdp.2008.02.007

[8] Di Silverio F, Gentile V, De Matteis A, et al. Distribution of inflam-
mation, pre-malignantlesions incidental carcinoma in histologically
confirmed benign prostatic hyperplasia: a retrospective analysis.
Eur Urol. 2003; 43(2): 164-175. https://doi.org/10.1016/
50302-2838(02)00548-1

[9] Kessler OJ, Keisari Y, Servadio C, et al. Role of chronic in-

flammation in the promotion of prostatic hyperplasia in rats. J

Urol. 1998; 159(3): 1049-1053. https://doi.org/10.1016/

50022-5347(01)63834-5

Schenk JM, Calip GS, Tangen CM, et al. Indications for and use of

nonsteroidal anti-inflammatory drugs and the risk of incident symp-

tomatic benign prostatic hyperplasia: results from the prostate can-
cer prevention trial. Am J Epidemiol. 2012; 176(2): 156-163. PMid:

22759721. https://doi.org/10.1093/aje/kwr524

Schenk JM, Kristal AR, Neuhouser ML, et al. Biomarkers of sys-

temic inflammation and risk of incident, symptomatic benign pro-

static hyperplasia: results from the prostate cancer prevention trial.

Am J Epidemiol. 2010; 171(5): 571-582. PMid: 20142396. https:

//doi.org/10.1093/aje/kwp406

[10]

[11]

Published by New Century Science Press

ulation of inflammatory cells promotes the proliferation of
prostate stromal cells and epithelial cells, and develops into
benign prostatic nodules due to inflammatory tissue injury
and subsequent repeated healing process. Finally, it leads to
nodular hyperplasia of the prostate.[??! It may be one con-
tributor to the pathogenesis of BPH.

Conflicts of Interest Disclosure
The authors have no conflicts of interest related to this arti-
cle.

[12] Nickel JC, Roehrborn CG, O’Leary MP, et al. the relationship be-
tween prostate inflammation and lower urinary tract symptoms; ex-
amination of baseline data from the REDUCE trial. J Urol. 2007;
177(Suppl 4): 34-35.

Di Silverio F, Bosman C, Salvatori M, et al. Combination ther-
apy with rofecoxib and finasteride in the treatment of men with
lower urinary tract symtoms (LUTS) and benign prostatic hyper-
plasia (BPH). Eur Urol. 2005; 47(1): 72-78. PMid: 15582252.
https://doi.org/10.1016/j.eururo.2004.08.024

Atreya R, Neuath MF. Involvement of IL-6 in the pathogenesis of
inflammatory bowel disease and colon cancer. Clin Rev Allergy
Immunol. 2005; 28(3): 187-196. https://doi.org/10.1385/
CRIAI:28:3:187

Royuela M, Ricote M, Parsons MS, et al. Immunohistochemical
analysis of the IL-6 family of cytokines and their receptors in be-
nign, hyperplasic, and malignant human prostate. J Pathol. 2004;
202(1): 41-49. PMid: 14694520. https://doi.org/10.1002/
path.1476

Roehrborn CG, Kaplan SA, Nobel WD, et al. The impact of acute
or chronic inflammation in baseline biopsy on the risk of clinical
progression of BPH. Results from the MTOPS study. J Urol. 2005;
173(Suppl.): 346, A1277.

Schenk JM, Kristal AR, Neuhouser ML, et al. Biomarkers of sys-
temic inflammation and risk of incident, symptomatic benign pro-
static hyperplasia: results from the prostate cancer prevention trial.
Am I Epidemiol. 2010; 171(5): 571-582. PMid: 20142396. https:
//doi.org/10.1093/aje/kwp406

Sun GH, Ning FX, Xia YJ, et al. The expression and significance of
IL-10 and TNF-«v in prostatic hyperplasia and prostatic carcinoma.
Journal of the Department of Urology (Electronic Edition). 2012;
4(1).

Nadler RB, Koch AE, Calhoun EA, et al. IL-3 and TNF-« in pro-
static secretions are indications in the evaluation of men with chronic
prostatic. J Urol. 2000; 164(1): 214-218. https://doi.org/10.
1016/S0022-5347 (05) 67497-6

Chen YY, Wang WH, Yu ZY, et al. The effect of finasteride on el-
derly patients with benign prostatic hyperplasia of heat shock pro-
tein and tumor necrosis factor and interleukin. Chinese Journal of
Geriatrics. 2013; 32 (1).

Chen YY, Wang WH, Yu ZY, et al. The effect of finasteride on el-
derly patients with benign prostatic hyperplasia of heat shock pro-
tein and tumor necrosis factor and interleukin. Chinese Journal of
Geriatrics. 2013; 32(1). PMid: 18400418. https://doi.org/10.
1016/j.cdp.2008.02.007

Wang L, Yang JR, Yang LY, et al. Chronic inflammation in benign
prostatic hyperplasia: implications for therapy. Med Hypothesesm.
2008; 70: 1021-1023. PMid: 17935901. https://doi.org/10.
1016/j .mehy.2007.08.022

(13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

(22]

15


https://doi.org/10.1093/jac/46.2.157
https://doi.org/10.1093/jac/46.2.157
https://doi.org/10.1002/pros.20896
https://doi.org/10.1002/pros.20896
https://doi.org/10.1001/jama.282.3.236
https://doi.org/10.1046/j.1464-410x.2001.02193.x
https://doi.org/10.1046/j.1464-410x.2001.02193.x
https://doi.org/10.1016/j.eururo.2008.11.011
https://doi.org/10.1016/j.eururo.2008.11.011
https://doi.org/10.1016/j.cdp.2008.02.007
https://doi.org/10.1016/S0302-2838(02)00548-1
https://doi.org/10.1016/S0302-2838(02)00548-1
https://doi.org/10.1016/S0022-5347(01)63834-5
https://doi.org/10.1016/S0022-5347(01)63834-5
https://doi.org/10.1093/aje/kwr524
https://doi.org/10.1093/aje/kwp406
https://doi.org/10.1093/aje/kwp406
https://doi.org/10.1016/j.eururo.2004.08.024
https://doi.org/10.1385/CRIAI:28:3:187
https://doi.org/10.1385/CRIAI:28:3:187
https://doi.org/10.1002/path.1476
https://doi.org/10.1002/path.1476
https://doi.org/10.1093/aje/kwp406
https://doi.org/10.1093/aje/kwp406
https://doi.org/10.1016/S0022-5347(05)67497-6
https://doi.org/10.1016/S0022-5347(05)67497-6
https://doi.org/10.1016/j.cdp.2008.02.007
https://doi.org/10.1016/j.cdp.2008.02.007
https://doi.org/10.1016/j.mehy.2007.08.022
https://doi.org/10.1016/j.mehy.2007.08.022

	Materials and methods
	Collection of specimens
	Detection method
	The criteria for the determination of immunohistochemistry
	The morphologic standard of histopathologyref:5
	Statistical method

	Results
	Discussion

