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Purpose:Purpose: Chronic prostatitis (CP), including chronic pelvic pain syndrome (CPPS), is the most commonly encountered mani-
festation of prostatitis. The aim of this study was to evaluate the effect of electric stimulation hyperthermia treatment (ESHT) 
on CP/CPPS and to explore the underlying mechanism.
Materials and Methods:Materials and Methods: RWPE-2 cells with lipopolysaccharide-induced inflammation and a prostatitis rat model induced 
by 17β-estradiol and dihydrotestosterone underwent sham, electric stimulation, or ESHT treatment. Four weeks later, cells, 
supernatants, and rat prostates were collected for analysis using immunohistochemistry, Western blots, and enzyme-linked 
immunosorbent assays.
Results:Results: We found that ESHT improved prostatitis in vivo and attenuated inflammation in vitro. ESHT significantly induced 
suppressor of cytokine signaling 3 (SOCS3) expression and subsequently promoted HSP70. It attenuated inflammation 
through decreased expression of toll-like receptor 4 (TLR4), nuclear factor kappa B, and subsequent inflammatory cytokines. 
ESHT also inhibited apoptosis and released growth factor in tissue affected by prostatitis.
Conclusions:Conclusions: ESHT improved CP/CPPS and reversed pathologic changes of prostatitis by inhibiting the SOCS3-TLR4 pathway.

Keywords:Keywords: Electric stimulation hyperthermia treatment; Neuroinflammation; Prostatitis; Suppressor of cytokine signaling 3-toll 
like receptor 4 pathway
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INTRODUCTION

Chronic prostatitis (CP), including chronic pelvic pain 
syndrome (CPPS), is the most commonly encountered 
manifestation of prostatitis, which is a highly preva-
lent syndrome with a significant negative impact on 
quality of life [1]. Both CP and CPPS are characterized 
by chronic pelvic pain. Little is known about the etiol-
ogy of CP/CPPS, making it difficult to discover suc-
cessful treatment therapies [2]. Wide-ranging research 
is being conducted to elucidate potential treatments, 
including single-agent therapies, multimodal therapies, 
botulinum toxin, immunomodulatory agents, and shock 
wave therapy [3]. However, there are insufficient data 
supporting the use of devices, and the exact mecha-
nism of CP/CPPS has not been determined so far.

Wagenlehner et al [4] reported that patients with 
CP/CPPS suffered from perineal discomfort and pain, 
and that their pain developed through microglia-medi-
ated neuroinflammation [5]. The stimulated microglia 
released various proinflammatory cytokines, including 
tumor necrosis factor-alpha (TNF-α), interleukin-1 beta 
(IL-1β) and IL-6, resulting in a positive feedback loop 
that enhanced pain [6]. A recent study also showed that 
chronic pain was maintained partly by central sensiti-
zation controlled by neuroinflammation [7]. Similarly, 
neuroinflammation was found in a mouse model of 
prostatitis [8]. Therefore, we hypothesized that mitigat-
ing neuroinflammation would relieve pain in CP/CPPS.

Electric stimulation hyperthermia treatment (ESHT) 
has been used as a clinical intervention for many dis-
eases, including tumors [9], pain [10], and diabetic an-
giopathy [11]. It is generally thought that ESHT influ-
ences cellular processes and functions [12], but there is 
still no consensus on the mechanism of ESHT. 

In inflammation, toll-like receptor 4 (TLR4) is con-
sidered to be one of the most critical cytokines, and 
suppressor of cytokine signaling (SOCS) proteins func-
tion as inhibitors of TLR4 [13]. SOCS3, a member of 
the SOCS family, was observed to be an important 
negative regulator that suppresses IL-1, TNF-α, and 
IL-6 expression [14]. However, the role of SOCS3 in the 
TLR4 response remains controversial, as some studies 
have reported it to be a positive regulator [15], while 
others reported the opposite [16]. Therefore, in this 
study we explored the interaction between SOCS3 and 
TLR4 under ESHT stimulation and hypothesized that 
neuroinflammation would be relieved by inhibiting the 

SOCS3-TLR4 pathway in prostatitis.

MATERIALS AND METHODS

1. Ethics statement
All animal experiments in this study were approved 

by the Institutional Animal Care and Use Committee 
of The Catholic University of Korea (CUMC-2016-0218-
01). All surgery was performed under chloral hydrate 
anesthesia, and all efforts were made to minimize ani-
mals suffering.

2. Cell preparation 
RWPE-2 cells (American Type Culture Collection 

[ATCC], Manassas, VA, USA) were cultured in low-glu-
cose–containing Dulbecco’s modified Eagle’s medium 
(Gibco, Waltham, MA, USA) supplemented with 20% 
fetal bovine serum (Gibco) and 5 ng/mL basic fibro-
blast growth factor (Cell Signaling Technology, Dan-
vers, MA, USA) at 37°C and 5% CO2. Every 2 days, non-
adherent cells were removed and fresh culture medium 
was added. Cells were passaged when they reached 
approximately 90% confluence.

3.  Electric stimulation hyperthermia 
treatment of cells in vitro

The RWPE-2 cells were randomly divided into 4 
groups: 1) a normal control group, 2) a lipopolysac-
charide (LPS) group, 3) an electric stimulation (ES) 
group, and 4) an ESHT group. Cells in groups 2, 3, and 
4 were treated with LPS (10 μg/mL). Cells in the ES 
group only received ES, while those in the ESHT group 
simultaneously received ES and hyperthermia. ESHT 
was performed using a medical ESHT device (Buheung 
Medical Co., Ltd., Seoul, Korea). The probe was kept in 
contact with the culture flask containing adherent cells 
covered with standard ultrasound gel. ES treatment 
was performed after cell attachment. Each generation 
of cell culture only received treatment once. Before 
ESHT and 12 hours after ESHT, cells and supernatants 
were collected and stored at -80°C for analysis using 
enzyme-linked immunosorbent assays (ELISA) and 
Western blots.

4.  Experimental animal preparation and 
study design

Eight-week-old male Sprague–Dawley rats (270–300 
g) were purchased from a Korean company (Orient 
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Bio Co., Seongnam, Korea). Rats (n=40) were randomly 
divided into 4 groups: 1) a sham group, 2) a prostatitis 
group, 3) an ES group, and 4) an ESHT group. Prosta-
titis was induced by 17β-estradiol and dihydrotestoster-
one for 4 weeks. After the prostatitis model was estab-
lished, ES was administered to the rats in group 3, and 
ESHT to those in group 4. 

5.  Electric stimulation hyperthermia 
treatment administration

To administer ESHT, a medical device was used 
(Buheung Medical Co., Ltd.). This device had an electro-
frequency stimulation in the range of 1 to 1,560 Hz, a 
maximum hyperthermia treatment of 45°, and inten-
sity-adjustable fine vibration; it consisted of a probe, a 
generator, and a component that generated direct heat 
when it was attached. Under anesthesia, the abdomen 
was shaved and exposed in a supine position. Ultra-
sound gel was applied to the abdomen, and then the 
ES applicator was placed on the abdomen. Rats in the 
ES group underwent ES and rats in the ESHT group 
underwent ES and hyperthermia. The treatment was 
administered every other day. After 4 weeks, the pros-
tates were collected for analysis using immunohisto-
chemistry, Western blots, and ELISA.

6. Histology and immunohistochemistry
The collected prostates were fixed in 4% paraformal-

dehyde for 24 hours at 4°C before being embedded in a 
paraffin block. The following primary antibodies were 
used: macrophage inflammatory protein 1α (MIP1α, 
diluted to 1:200; Abcam, Cambridge, UK), epidermal 
growth factor (EGF; diluted to 1:200; Santa Cruz Bio-
technologies, Santa Cruz, CA, USA), caspase-3 (diluted 
to 1:200; Abcam), and 4,6-diamidino-2-phenylindole 
(DAPI; Vector Laboratories Inc., Burlingame, CA, 
USA). Digital images were obtained using a Zeiss LSM 
510 Meta confocal microscope (Zeiss, Oberkochen, Ger-
many), and the mean intensity was calculated using 
ZEN 2012 (Zeiss).

7.  Enzyme-linked immunosorbent assays and 
hematoxylin and eosin staining

We quantified the expression of IL-1β, IL-6, and IL-8 
by species-specific immunoassay ELISA kits (R&D 
Systems Europe, Abingdon, UK) according to the 
manufacturer’s instructions. Absorbance was read at a 
wavelength of 450 nm in a microplate reader (Synergy 

H1 M; BioTek, Winooski, VT, USA). The prostates of 
each group were stained with hematoxylin and eosin 
(HE; Sigma, St. Louis, MO, USA) according to the man-
ufacturer’s instructions. After ESHT, prostates were 
collected and stored at -80°C until use. Digital images 
were obtained using a Zeiss LSM 510 Meta confocal 
microscope (Zeiss).

8. Apoptosis analysis in vitro and in vivo
We assessed apoptosis via Western blotting for cas-

pase-3 in vitro and by immunostaining for caspase-3 in 
vivo. After ESHT, cells and prostates from each group 
were collected and stored at -80°C until use for apopto-
sis analysis.

9. Western blotting
The collected cells and tissues were homogenized 

using ice-cold radioimmunoprecipitation assay buffer 
(Cell Signaling Technology) containing an ethylenedi-
aminetetraacetic acid–free protease inhibitor cocktail 
and phosphatase inhibitor cocktail (Roche Diagnostics 
GmbH, Basel, Switzerland) and particulate mass was 
removed by centrifugation (15,000×g) for 15 minutes 
at 4°C. The supernatants were analyzed by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis. The 
primary antibodies used included HSP70 (diluted to 
1:500; Abcam), SOCS3 (diluted to 1:200; Abcam), TLR4 
(diluted to 1:200; Abcam), nuclear factor kappa B (NF-
kB) (diluted to 1:500; Abcam), β-actin (diluted to 1:1000; 
Abcam), caspase-3 (diluted to 1:200; Abcam), and induc-
ible nitric oxide synthase (iNOS, diluted to 1:200; Santa 
Cruz Biotechnologies). The resulting images were 
analyzed using ImageJ (National Institutes of Health, 
Bethesda, MD, USA) to determine the integrated den-
sity of each protein band.

10. Statistical analysis
All data are presented as mean±standard error and 

were analyzed using IBM SPSS Statistics ver. 22.0 (IBM 
Corp., Armonk, NY, USA). The Student t-test, one-way 
analysis of variance (ANOVA), and 2×2 factorial ANO-
VA were used as appropriate to evaluate whether dif-
ferences among groups were significant. p-values <0.05 
were considered to indicate statistical significance.
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RESULTS

1.   Electric stimulation hyperthermia 
treatment improved prostatitis in vivo  
and attenuated inflammation in vitro

To investigate the effect of ESHT on prostatitis, HE 
staining was performed. As shown in Fig. 1A, inflam-
mation in the ESHT group was clearly improved com-
pared to other groups. Compare with the prostatitis 
group, after ESHT, the epithelial layer was thinner 
and fewer papillary fronds protruded into the glandu-
lar cavities. We detected inflammatory factors, such 
as IL-1β in vivo and IL-6 and IL-8 in vitro using ELISA. 
As shown in Fig. 1B, after ESHT or ES, IL-1β expres-
sion decreased compared with the prostatitis group 
(p<0.01), and in the ESHT group IL-1β decreased more 

than in the ES group (p<0.01). Fig. 1C and 1D show IL-6 
and IL-8 expression before and after treatment in each 
group. Cells in the ESHT group expressed less IL-6 
and IL-8 after treatment (p<0.01). Similarly, expression 
of IL-6 and IL-8 after ESHT was higher than in the 
LPS and ES groups (p<0.01). Additionally, we found 
an interesting difference between the in vivo and in 
vitro analysis. The ES approach seemed to malfunction 
in vitro, whereas in vivo ES treatments still reduced 
inflammatory factors. A possible explanation for this 
observation is that the flask may have prevented the 
electric current from reaching the cells.

Fig. 1. Electric stimulation hyperthermia treatment (ESHT) improved prostatitis in vivo and attenuated inflammation in vitro. (A) Representative 
images of hematoxylin and eosin staining in the prostate for each group. Compared to the sham group, in the prostatitis group, the epithelial 
layer thickened and papillary fronds protruded into the glandular cavities simultaneously. After ESHT, prostatitis had clearly improved (×200). (B) 
Interleukin (IL)-1β concentrations in the prostate for each group after treatment, tested by enzyme-linked immunosorbent assay (ELISA). ap<0.01 
compared to the electric stimulation (ES) group, bp<0.01 compared to the prostatitis group. (C) IL-6 and (D) IL-8 concentrations in vitro before and 
after treatment, tested by ELISA. c and e, p<0.01 compared with before treatment; d and f, p<0.01 compared to the lipopolysaccharide (LPS) group 
and ES group. 
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2.   Electric stimulation hyperthermia 
treatment decreased the number of 
macrophages in prostatitis 

Next, we investigated the amount of macrophages 
present in the prostatitis model by immunofluorescence 
of macrophages marked by MIP1α. These inflamma-
tory cells were detected in the prostate in each group. 
Fig. 2A shows qualitatively that fewer macrophages 
were present in the prostate in the ESHT group. Fig. 
2B shows the quantitative results of macrophages in 
each group, demonstrating that there were fewer mac-
rophages in the ESHT group than in the prostatitis 
and ES groups (p<0.01). The reduction of macrophages 
by ESHT indicates that inflammation in prostate was 
alleviated after ESHT.

3.  Electric stimulation hyperthermia 
treatment inhibited the toll-like receptor 
4/nuclear factor kappa B pathway by 
stimulating suppressor or cytokine 
signaling 3 and increased HSP70 expression

After we found that ESHT could improve prostatitis 

and relieve inflammation, we sought to characterize 
the underlying mechanism. To do so, protein expression 
was analyzed using Western blots, as shown in Fig. 3A 
and 3C. We found that after ESHT, inflammatory in-
hibitors including HSP70 and SOCS3 were upregulated, 
and inflammation-associated proteins including TLR4 
and NF-kB were downregulated. Fig. 3B and 3D show 
the integrated density for each protein band, dem-
onstrating that HSP70 and SOCS3 expression in the 
ESHT group was higher than in other groups (p<0.01) 
and that TLR4 and NF-kB expression in the ESHT 
group was lower than in the other groups (p<0.01).

4.  Apoptosis was inhibited by electric 
stimulation hyperthermia treatment

Caspase-3 expression was analyzed to detect apopto-
sis. As shown in Fig. 4A, after ESHT, caspase-3 expres-
sion in the prostate decreased. Fig. 4B presents quanti-
tative results for caspase-3 in vivo, showing lower levels 
of expression in the ESHT group than in other groups 
(p<0.01). In vitro, caspase-3 expression showed similar 
results, as presented in Fig. 4C and 4D (p<0.05).

Fig. 2. Electric stimulation hyperthermia treatment (ESHT) decreased 
the number of macrophages in the prostatitis model. (A) Representa-
tive images of macrophage staining in the prostate for each group. 
Green is MIP1α, blue is DAPI. (B) Quantitative positive rate of macro-
phages in vivo. MIP1α: macrophage inflammatory protein 1α, DAPI: 
4,6-diamidino-2-phenylindole, ES: electric stimulation. ap<0.01 com-
pared to the prostatitis group and ES group. 
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5.  Electric stimulation hyperthermia 
treatment increased epithelial growth 
factor and decreased inducible nitric oxide 
synthase in prostatitis 

Finally, the influence of ESHT treatment on prostate 
tissue recovery was investigated. Fig. 5A shows EGF 
expression in each group. The quantitative results (Fig. 
5B) indicate that EGF expression in the ESHT group 
was higher than in the other groups (p<0.01). Mean-
while, to assess the magnitude of prostate tissue recov-
ery, we detected iNOS levels in the prostate, as shown 
in Fig. 5C. The quantitative results in Fig. 5D indicate 
that iNOS levels in the ESHT group were lower (p<0.01) 
than in the prostatitis and ES groups.

DISCUSSION

CP/CPPS is a complicated multifactorial syndrome 

[1,2], which has been treated by various treatments in-
cluding drugs and physiotherapy, while the individual 
effects are respond to these treatments [17]. Currently, 
no consensus exists regarding the optimal therapy for 
CP/CPPS [18], making it an urgent requirement to find 
an effective therapy for CP/CPPS. In this study, we 
established a prostatitis rat model and administered 
ESHT as a novel treatment. We found that with ESHT, 
prostatitis clearly improved in the rat model. Next, 
we investigated the mechanism, and found that after 
ESHT, the expression of HPS70 and SOCS3 increased 
in the prostate of the rats with prostatitis, while the 
expression of cytokines, such as IL-1β, IL-6, IL-8, and 
TNF-α decreased. These results demonstrate that the 
cytokines associated with inflammation are a key as-
pect of the effects of ESHT on prostatitis. The proposed 
mechanism of ESHT is shown in Fig. 6. With ESHT, 
levels of  HSP70 and SOCS3 significantly increase, 

Fig. 3. Electric stimulation hyperthermia treatment (ESHT) inhibited the toll-like receptor 4 (TLR4)/nuclear factor kappa B (NF-kB) pathway by 
stimulating suppressor of cytokine signaling 3 (SOCS3) and increased HSP70 expression. (A) Western blot results of SCOS3, TLR4, HSP70, and NF-
kB in vitro for each group. (B) Quantitative analysis of Western blots for SCOS3/β-actin, TLR4/β-actin, HSP70/β-actin, and NF-kB/β-actin. ap<0.01 
compared to the lipopolysaccharide (LPS) group and electric stimulation (ES) group. (C) Western blot results of SCOS3, TLR4, HSP70, and NF-kB in 
vivo for each group. (D) Quantitative analysis of Western blots for SCOS3/β-actin, TLR4/β-actin, HSP70/β-actin and NF-kB/β-actin in vivo. bp<0.01 
compared to the prostatitis group and ES group. 
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leading to binding and inhibition of the TLR4/MyD88 
polymers. With the TLR4-NF-kB pathway blocked, 
the expression of NF-kB also decreases. Without the 
regulation by NF-kB in the nucleus, inflammatory 
cytokines, such as IL-1β, IL-6, IL-8, and TNF-α will not 
be generated by target cells. As levels of inflammatory 
cytokines reduce, neuroinflammation in the tissue af-
fected by prostatitis will be mitigated, leading to ex-
pected improvements in CP/CPPS.

ES as a new and developing treatment has been ap-
plied in clinical settings for many years. Ferreira et 
al [19] found that the temporomandibular disorder 
treatment process, ES mitigated pain and improved 
masticatory muscle activity efficiently, without drugs 
or the need for invasive procedures. Rajfur et al [10] 
found that electrical therapy was effective in treating 

chronic low back pain. However, the above studies all 
focused on either ES alone or only on hyperthermia 
generated by ES, instead of studying the combination 
of ES and hyperthermia. Recently, Morino et al [11] 
found that simultaneous ES and hyperthermia treat-
ment of diabetic mice could alleviate insulin resistance 
by enhancing the insulin signaling pathway; this is 
the first such finding, to the best of our knowledge. 
Patients with CP/CPPS experience anxiety about the 
long and uncertain treatment process, especially with 
invasive treatments. Therefore, ESHT is clearly a good 
choice as a noninvasive modality, suggesting that if it 
is effective, it may emerge as a preferred treatment 
for CP/CPPS. In this study, it was proven that ESHT 
improved prostatitis in a rat model. With ESHT, the 
pathological epithelial layer thinned and fewer papil-

Fig. 4. Electric stimulation hyperthermia treatment (ESHT) decreased apoptosis in vivo and in vitro. (A) Representative images of caspase-3 in 
the prostate for each group. Green is caspase-3, blue is DAPI (4,6-diamidino-2-phenylindole). Stain method is immunohistochemistry (×200). (B) 
Quantitative positive rate of caspase-3 in vivo. ap<0.01 compared to the prostatitis group and electric stimulation (ES) group. (C) Western blot 
results of caspase-3 in vitro. (D) Ratio of caspase-3/β-actin, showing the quantitative results of the Western blot. ap<0.05, compared to the lipo-
polysaccharide (LPS) group and ES group. 
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Fig. 5. Electric stimulation hyperthermia treatment (ESHT) increased epithelial growth factor (EGF) and decreased inducible nitric oxide synthase 
(iNOS) in vivo. (A) Representative images of EGF in the prostate for each group. Green is EGF, blue is DAPI (4,6-diamidino-2-phenylindole). Stain 
method is immunohistochemistry (×200). (B) Quantitative positive rate of EGF in vivo. ap<0.01 compared to the prostatitis group and electric 
stimulation (ES) group. (C) Western blot results for inducible nitric oxide synthase (iNOS) in vivo. (D) Ratio of iNOS/β-actin, showing the quantita-
tive results of the Western blot. ap<0.01 compared to the prostatitis group and ES group. 

Fig. 6. The proposed mechanism through 
which electric stimulation hyper thermia 
treat ment (ESHT) improves prostatitis. 
With ESHT, levels of HSP70 and suppre-
ssor of cytokine signaling 3 (SOCS3) 
signi  fi  cantly increase, leading to binding 
and inhibition of the toll-like receptor 4 
(TLR4)/MyD88 poly mers. With the TLR4-
nu clear factor kappa B (NF-kB) pathway 
blocked, the expression of NF-kB also de-
creases. Without the regulation by NF-kB 
in the nucleus, inflammatory cyto kines, 
such as interleukin (IL)-1β, IL-6, IL-8, and 
tumor necrosis factor alpha (TNF-α) will 
not be generated by target cells. 
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lary fronds protruded into the glandular cavities in 
the prostate. In the rats with prostatitis, the expression 
of inflammatory factors, such as IL-6, IL-8, and TNF-α 
also decreased.

A recent study [5] showed neuroinflammation to be 
the cause of pain, as mediated by glia, with microglia 
in particular playing a vital role in pain sensitization. 
Fan et al [20] found that in postoperative pain therapy, 
it was possible to ameliorate postoperative pain by at-
tenuating neuroinflammation through inducing higher 
levels of SOCS3 expression via the HSF1-HSP70-TLR4  
pathway. Wong et al [8] also suggested that pain in CP/
CPPS was caused by neuroinflammation. They found 
that prostatitis led to inflammation in the spinal cord, 
and that neuroinflammation and activation of microg-
lia played an important role in the maintenance of 
CP/CPPS. Therefore, there are reasons to believe that 
ESHT would be effective in CP/CPPS treatment, as 
shown in this study.

HSP70 is a conditional stress protein in cells, which 
is expressed in great quantities in response to a short 
time of stimulation [21]. As an agonist of TLR4, HSP70 
binds TLR4 and subsequently triggers a preliminary 
proinflammatory response in the cell [22]. In this exper-
iment, we found that after ESHT, cells in the prostate 
expressed a large amount of HSP70. Interestingly, the 
expression of TLR4 decreased after HSP70 increased. 
Meanwhile NF-kB, a downstream protein, also de-
creased in the prostate tissue. As a regulatory protein, 
NF-kB can regulate the expression of inflammatory 
factors, such as IL-6, IL-8, IL-1β, and TNF-α. Our results 
indicate that decreasing TLR4 reduced the expression 
of NF-kB, which then diminished the expression of IL-
6, IL-8, IL-1β, and TNF-α in vivo. Meanwhile, it was 
proven that the regulation of NF-kB by TLR4 could 
directly affect innate immunity and inflammation, and 
our results showed that SOCS3 took part in this pro-
cess. Some studies have found that SOCS3 can inhibit 
the STAT/JAK pathway [23] and the transforming 
growth factor beta pathway [24], and it is also known 
to be a key negative regulator of the inflammatory 
cytokine response [25]. However, the role of SOCS3 in 
the TLR4 response remains controversial. Therefore, to 
detect the effects of SOCS3 on TLR4 more definitively, 
we investigated the expression of SOCS3 and TLR4 
in the prostate of rats with prostatitis. We found that 
the expression of SOCS3 and TLR4 showed opposite 
trends in the prostate, meaning that SOCS3 is a nega-

tive regulator of TLR4. However, we did not conduct 
further research on the SOCS3-TLR4 pathway to de-
tect pathway-related factors. Speth et al [26] found that 
SOCS3 could affect endogenous inflammatory respons-
es by regulating TLR4 expression. Furthermore, their 
report confirmed that SOCS3 is a negative regulator 
in the SOCS3-related pathway, which is similar to our 
result that SOCS3 functioned as a negative regulator 
of TLR4 in the SOCS3-TLR4 pathway. ESHT was ad-
ministered at an early stage of prostatitis development; 
therefore, it is difficult to assess the implications of our 
findings for patients who do not receive early treat-
ment.

CONCLUSIONS

ESHT improved CP/CPPS and reversed pathologic 
changes through inhibiting the SOCS3-TLR4 pathway. 
Our experiment also showed that HSP70 co-regulated 
proinflammatory factors with SOCS3 by mediating the 
TLR4–NF-kB pathway. It was observed that in prosta-
titis, SOCS3 was a master negative regulator of TLR4. 
This experiment may provide novel ideas for CP/CPPS 
treatment.
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