
INTRODUCTION

Chronic prostatitis/chronic pelvic pain syndrome (CP/
CPPS) is a chronic inflammatory disease of prostatic 
glands with dysuria and pain in pelvic areas. CP/CPSS 
may lead to tumors, affect fertility, and cause physi-
cal and mental stress to human life. Patients with CP/
CPPS experience chronic pain in the pelvic, perineal, 
scrotal, rectal, testicular, penile, and lower back abdo-
men areas. This symptom is accompanied by obstructive 
or irritative voiding, erectile dysfunction, and psychoso-

matic disorders [1,2]. Prostatitis includes infectious and 
asymptomatic prostatitis and CP/CPPS [3]. CP/CPPS 
is the most prevalent, accounting for about 90%–95% 
of cases [4]. The pathogenesis of CP/CPPS is complex. 
There is no efficient etiological diagnosis method, which 
leads to ineffective treatment and reduplicated symp-
toms. Therefore, clarification of the pathogenesis of 
prostatitis is crucial in future prostatitis management.

Currently, the pathogenesis of CP/CPPS involves im-
munological, endocrine, and psychological etiologies and 
autonomic nervous systems [5]. The autonomic nervous 
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Chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS) is a common and non-lethal urological condition with painful 
symptoms. The complexity of CP/CPPS’s pathogenesis and lack of efficient etiological diagnosis results in incomplete treat-
ment and recurrent episodes, causing long-term mental and psychological suffering in patients. Recent findings indicate that 
the autonomic nervous system involves in CP/CPPS, including sensory, sympathetic, parasympathetic, and central nervous 
systems. Neuro-inflammation and sensitization of sensory nerves lead to persistent inflammation and pain. Sympathetic and 
parasympathetic alterations affect the cardiovascular and reproductive systems and the development of prostatitis. Central 
sensitization lowers pain thresholds and increases pelvic pain perception in chronic prostatitis. Therefore, this review sum-
marized the detailed processes and mechanisms of the critical role of the autonomic nervous system in developing CP/CPPS. 
Furthermore, it describes the neurologically relevant substances and channels or receptors involved in this process, which 
provides new perspectives for new therapeutic approaches to CP/CPPS.
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system seems to be the link between them. The auto-
nomic nervous system comprises sensory, sympathetic, 
and parasympathetic nerves and the central nervous 
system (CNS). Sensory nerves are related to neuro-in-
flammation. The persistence of chronic pelvic pain and 
its sensitization might also be responsible for recurrent 
conditions and prolonged pain in chronic prostatitis 
[6-8]. Research indicated that the autonomic nervous 
system regulates smooth muscles of the cardiovascular 
system and prostatic glandular secretion; therefore, the 
sympathetic and parasympathetic nerves are closely 
related to CP/CPPS [9].

Moreover, the cardiovascular system and male re-
productive function are altered in CP/CPPS as well 
as patients with vasogenic impotence have autonomic 
dysfunction [10]. In addition, some studies elucidated 
that central sensitization also played an essential role 
in developing and maintaining chronic pain in the case 
of perpetual pain without inflammatory conditions [6]. 
Therefore, this review collated and described the spe-
cific processes and mechanisms of the autonomic ner-
vous system in developing CP/CPPS. Furthermore, this 
review illustrates the neurologically-relevant substanc-
es and channels or receptors involved in this process.

GENERAL ANATOMY OF CELL 
COMPOSITION AND AUTONOMIC 
NERVES IN PROSTATES

1. Prostate function and cell composition
The prostate is the largest male auxiliary reproduc-

tive organ. The prostate secretes fluids that nourish 
and protects the sperm. During ejaculation, the pros-
tate squeezes this fluid into the urethra and sperm and 
excretes them as semen.

The cellular structure of the prostate tissue is divid-
ed into three parts: the epithelium, the basement mem-
brane, and the stroma. The epithelium comprises basal, 
neuroendocrine, and ductal cells. The ductal cells form 
the duct lumen and are responsible for the prostate’s 
production and secretion of fluid that nourishes and 
protects the sperm. The parasympathetic nerves inner-
vate the cells. The basement membrane comprises the 
extracellular matrix secreted by the basal epithelial 
cells. The stroma comprises subepithelial mesenchymal 
cells, smooth muscle cells, encapsulated cells, immune 
cells, fibroblasts, nerve, and vascular systems. The sub-
epithelial interstitial cells are located near the base-
ment membrane and between the bundles of smooth 
muscle cells, also known as interstitial cells of the pros-
tate. In addition, interstitial cells of the Cajal (ICCs) are 
prostatic interstitial cells involved in the contractile 
activity of smooth muscle cells. These smooth muscle 
cells are involved in the prostrate’s contractile activity. 
They facilitate the movement of secretions from the 

Cellular structure
of the prostate

Epithelium

Basement

Stroma

Basal cells

Neuroendocrine cells

Ductal cells Duct lumen
Production and secretion
of prostatic fluid

Parasympathetic nerves

Sympathetic nerves

Nerves

Subepithelial

Fibroblasts

Encapsulated

Vascular system

Immune cells

Smooth muscle cells
The contractile activity of the prostate
Facilitate the movement of secretions

ICCs

Innervate and influence

Innervate and influence

Influence

Comprise

Form

Fig. 1. General anatomy of cell composi-
tion in prostates. The cellular structure of 
the prostate tissue is divided into three 
parts: the epithelium, the basement, and 
the stroma. The epithelium includes duc-
tal cells, which form the lumen of duct 
production and participate in the secre-
tion of fluid that nourishes and protects 
the sperm. The parasympathetic nerves 
innervate the duct cells. The basement 
membrane consists of the extracellular 
matrix secreted by epithelial cells. The 
stroma comprises smooth muscle cells, 
interstitial cells of the Cajal (ICCs), nerves, 
blood vessels, and immune cells. The 
smooth muscle cells are involved in the 
contractile activity of the prostate. They 
facilitate the movement of secretions 
from the ductal structures to the proximal 
urethra during ejaculation, which is in-
nervated by sympathetic nerves.
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ductal structures to the proximal urethra during ejacu-
lation, which is innervated by sympathetic nerves (Fig. 
1)  [11-17].

2. Sensory nerve
The sensory nerve primarily transmits sensation 

from prostatic tissue to the CNS. In addition, it inner-
vates prostatic neuroendocrine cells and plays a role in 
erection [12,13]. The distribution of sensory nerves on 
the prostrate surface runs posterolaterally from the 
base of the prostate. It continues in the posterolateral 
and apical regions, narrow in the middle and limited 
toward the apex in a relatively straight pattern [13]. 
The distribution density in the prostate varies, with 
more dense distribution in the prostate tissue around 
the urethra than in other areas [12]. In addition, the 
density of sensory nerve growth changes according to 
the period of development, increasing during the fetal 
stage, peaking during neonatal development, and re-
maining constant during adulthood [12]. These sensory 
nerves are functionally connected to the spinal cord 
through the dorsal root ganglion (DRG) structure, 
traveling to the brain to produce sensations through 

information integration. The DRG is a group of cells 
containing most of the body’s sensory neurons. It is 
responsible for transmitting sensory information from 
the peripheral organs to the CNS in response [14]. DRG 
can also express multiple receptors and produce neuro-
peptides that mediate additional responses and neuro-
physiological activity [15].

Interestingly, the sensory nerves of the pelvic organs 
are generally accompanied by sympathetic and para-
sympathetic nerves, including prostates, in the sensory 
passway. These originate in the inferior hypogastric 
nerve (pelvic nerve) and connect to the spinal cord 
[16,17]. The spinal cord segments controlling prostate 
sensation are T13-L1 and L5-S2 [18]. Prostatic sensation 
conveys information accompanied by sympathetic and 
parasympathetic nerves from sensory nerves and DRG 
to T13-L1, L5-S2, and spinal cords, whereby the distri-
bution and density of sensory nerves on the surface of 
the prostate are different (Fig. 2).

3. Sympathetic and parasympathetic nerves
The sympathetic and parasympathetic nerves secrete 

norepinephrine (to transmit messages) and acetyl-
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function constricts vascular and non-vascular smooth
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cells to promote prostatic secretion. Their complex
relationship is relevant to erectile function. Fig. 2. Anatomy and function of auto-

nomic nerves.
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choline (as a mediator), respectively. The sympathetic 
function constricts vascular and non-vascular smooth 
muscles. Additionally, the parasympathetic inner-
vates neuroendocrine cells to promote prostatic secre-
tion. Their complex relationship is relevant to erectile 
function. On the prostrate surface, the sympathetic 
and parasympathetic nerves are distributed differ-
ently. The sympathetic nerves are widely distributed 
anterolaterally-posteriorly at the base, narrowing in 
the middle and apical regions to the posterior-lateral-
posterior area. In contrast, the parasympathetic nerves 
travel diagonally from the anterolateral to the apical 
and posterior paths around the prostate. Compared 
to sensory nerves, sympathetic and parasympathetic 
nerves are distributed in the prostate in the same den-
sity and evenly. However, their density changes with 
development, increasing from the fetal period to a peak 
during neonatal development and remaining constant 
during adulthood, similar to the sensory nerves [11-13].

Furthermore, according to a recent study, the axonal 
density of sympathetic and parasympathetic nerve in-
nervations in anterior lobes is lower than ventral ones. 
The distribution of sympathetic nerves in the capsule 
is parallel. At the same time, the gland is concentric 
circles [19]. The sympathetic and parasympathetic 
nerves of  the prostate are derived from the lower 
infra-abdominal plexus (pelvic plexus). The abdominal 
aortic plexus receives sympathetic nerves from the 
ganglia of the sympathetic trunks L1 and L2. Part of 
these trunks descends to receive nerves from the gan-
glia of the sympathetic trunks L3 and L4 to form the 
lower epigastric plexus. In turn, they receive nerves 
from the sacral ganglia of the sympathetic trunks and 
parasympathetic nerves from the sacral ganglia S2-4 
on the way down, forming the lower infra-abdominal 
plexus (pelvic plexus).

In addition, the autonomic nerves of most pelvic 
organs are derived from the pelvic plexus, including 
the bladder, thus showing that the prostate and blad-
der are closely related and interact with each other. 
Prostatic sympathetic and parasympathetic innerva-
tion originate at the spinal cord levels of T13-L1 and 
L5-S2. These are based on the spinal cord’s innervated 
segments. In contrast, bladder sympathetic and para-
sympathetic innervation originate at the spinal cord 
levels of L1-2 and S2-4. They have a typical spinal cord 
segment, indicating that the prostate has a complex 
relationship with the bladder and the other organs of 

the pelvis [16,17].
In general, sympathetic and parasympathetic nerves 

are derived from the T13-L1 and L5-S2 spinal cords. 
They innervate and modulate the prostate. Their sur-
ficial distribution and density are distinguished, while 
the prostate has a complex relationship with the blad-
der and other pelvis organs, according to autonomic 
generation and distribution (Fig. 2).

AUTONOMIC NERVOUS SYSTEM 
REGULATION OF INFLAMMATION, 
PAIN, AND ORGAN DYSFUNCTION

The autonomic nervous system comprises autonomic 
nerves, their command center, and the CNS. The auto-
nomic nerves are subdivided into sensory, sympathetic, 
and parasympathetic nerves, and the CNS is divided 
into the spinal cord’s lower centers and the brain’s 
higher centers. They are all involved in the production 
and development of inflammation, pain, and dysfunc-
tion of organs in CP/CPPS.

1. Sensory nerves
Sensory nerves are associated with neurogenetic in-

flammation and pain. Sensory nerves activate and re-
lease substance P (SP) and calcitonin gene-related pep-
tide (CGRP) when nociceptors are stimulated in their 
terminals. CGRP- and SP-expressing nerves densely 
innervate vascular smooth muscles. Therefore, these 
substances will directly affect the vascular endothelial 
cells to participate in vascular effects, mediating the 
generation of neurogenetic inflammation.

SP is a key molecule in the neurogenic inflammatory 
response and interaction between the nervous and im-
mune systems. It directly acts on vascular smooth mus-
cle to increase vascular permeability, plasma extrava-
sation, and edema and can activate mast cells. The 
activated mast cells can secrete relevant neuropeptides 
and promote the activation of sensory nerves. There-
fore, the development of their vicious cycle mediates 
the occurrence and development of neurogenic inflam-
mation. In addition, CGRP is a potent micro-vasodilator 
that contributes to most neurogenic vasodilation. It is 
also involved in the recruitment and activation of in-
flammatory cells [20,21].

These substances are synthesized by the DRG cell 
body and can be transported bi-directionally to the 
nerve endings to mediate the inflammatory reaction of 
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the indisposed organ [22]. The convergent neurons in 
the DRG have dichotomous afferents; the cell bodies 
of sensory nerve fibers from two different organs are 
present in the same DRG. Therefore, it can be activat-
ed due to inflammation in one organ to produce these 
substances and transfer them to another organ, pro-
moting the occurrence and development of neurogenic 
inflammation of cross-activation between organs [23,24]. 
In addition, sensory nerves play an essential role in 
the generation and development of pain. They become 
peripherally sensitized after repeating stimulation; a 
persistent state of response with a reduced threshold to 
pain stimuli leads to the generation, amplification, and 
maintenance of abnormal pain. In addition, develop-
ing a vicious cycle between sensory cells and mast cells 
contributes to the generation and development of pain 
behaviors [25,26]. Therefore, neurogenetic inflammation 
and pain are related to sensory nerves. After repeated 
stimulation, pro-inflammatory neurotransmitters (pro-
duced by DRG and the cell bodies of sensory nerves) 
and their transmission by their fibers to the nerve 
terminal contribute to the generation and development 
of inflammation. It causes cross-organs activation and 
peripheral sensitization, leading to persistent and ab-
normal pain.

2. Sympathetic and parasympathetic nerves
Sympathetic and parasympathetic nerves play an 

essential role in the generation and development of 
inflammation, pain, and dysfunctional organs. Little 
evidence exists regarding the relationship between 
parasympathetic nerves and prostatitis. However, re-
search elucidates that they participate in the immune 
system and pain behaviors [27]. The latest research 
found that sympathetic nerves play a vital role in the 
prostatitis generation. The norepinephrine signal of the 
sympathetic nerve street can inhibit pro-inflammatory 
cytokines production and anti-inflammatory cytokines 
expression’s up-regulation. In addition, it can bind to 
the immune cell surface through the corresponding re-
ceptors, inhibit their function, and restore the homeo-
stasis of the immune system [28]. Therefore, inhibition 
of β-adrenergic signaling leads to the up-regulation of 
pro-inflammatory genes, raising immune cell levels and 
exacerbating autoimmune responses [29]. Sympathetic 
denervation may lead to an autoimmune disorder to 
make prostatitis appears.

Additionally, sympathetic nerves are involved in 

pain development. Autonomic nerves innervate visceral 
smooth muscle, and pain may occur due to spasms of 
visceral smooth muscle. Several studies demonstrated 
that visceral smooth muscle spasms are caused by 
abnormalities in the sympathetic nerves that medi-
ate them, leading to abdominal pain, chest pain, and 
urinary pain [30]. Therefore, the sympathetic nerve 
mediates the occurrence of  immune abnormalities 
and may cause the abnormal spasm of smooth muscle 
to produce pain. Furthermore, the sympathetic and 
parasympathetic nerves are involved in the formation 
of cross-sensitization and dysfunction of organs. Some 
researchers suggested that the nerves’ high command 
in the autonomic nervous system activates or sensitizes 
so that the autonomic nervous of other organs also be-
come activated and sensitive, leading to their abnormal 
activity. Abnormal organs can induce dysfunction of 
other organs through the ganglion in similar anatomi-
cal levels [31-37]. Overall, sympathetic and parasympa-
thetic nerves play a vital role in developing prostatitis, 
chronic pain, cross-sensitization, and organ dysfunction. 
The symptoms of the urinary system are similar to CP/
CPPS.

3. CNS
Central nervous sensitization contributes to the 

pathogenesis of pain and dysfunctional changes in 
organs. Central sensitization is characterized by exten-
sive pain, multi-site hyperalgesia, and abnormal pain. 
Furthermore, it may be accompanied by abnormal 
organ function, cognitive impairment, depression, and 
other emotional problems. Chronic prostatitis can also 
cause generalized pelvic pain, scrotum, bladder, and 
other organ pain sensitivity. It can encourage ejacula-
tion dysfunction, overactive bladder, cardiovascular 
problems, cognitive disorders, and depressive behavior. 
Therefore, central nervous sensitization plays an es-
sential role in CP/CPPS.

Moreover, the activation of glial cells contributes 
to central sensitization. After persistent nociceptive 
stimulation, glial cells in the CNS activate and sensi-
tize, increasing the transmission of pain signals to the 
spinal cord. It also leads to reducing pain thresholds, 
producing transmitters, and up-regulating associated 
receptors to sustain this reactive state, underlying the 
generation and development of persistent pain. The 
sympathetic and parasympathetic nerves’ command 
center core also becomes activated and sensitized, re-
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sulting in the abnormal activity of other organs. It is 
one of the pathogenesis of the generation and develop-
ment of cross-sensitization organs [6,25,26]. The devel-
opment and generation of pain and cross-sensitization 
of organs are closely associated with central sensitiza-
tion.

AUTONOMIC NERVOUS SYSTEM 
DYSFUNCTION’S CLOSE RELATION 
WITH CP/CPPS

Several researchers have suggested that autonomic 
nervous system dysfunction is closely associated with 

CP/CPPS. Sensory nerves lead to persistent inflam-
mation and pain. Sympathetic and parasympathetic 
alterations affect the dysfunction of organs and the de-
velopment of prostatitis. Central sensitization decreases 
pain thresholds and increases pelvic pain perception in 
chronic prostatitis.

1. Sensory nerves
Sensory nerves play an essential role in transmitting 

nociception. Nociceptive receptors convert injurious 
stimuli into pain signals at the end of primary pain af-
ferent nerve fibers. Furthermore, sensory nerve fibers 
transmit this signal through the DRG to the spinal 
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cord and the brain. In chronic prostatitis, the primary 
sensory fibers activate and release neurogenic peptides 
after certain stimuli. Furthermore, they mediate neu-
rogenetic inflammation and peripheral sensitization.

Peripheral sensitization plays an essential role in 
chronic pain development. When nociceptive recep-
tors are repeatedly activated, sensory nerve fibers are 
altered, chemicals are released, and a series of associ-
ated receptors are up-regulated. It results in increased 
input, hyperexcitability in nociceptive receptors, and 
sensitivity of sensory nerve fibers to stimuli. Therefore, 
the pain threshold decreases, and the suprathreshold 
stimuli response enhances. This mechanism, called pe-
ripheral sensitization, is the leading cause of chronic 
pain. When it is not satisfactorily controlled or relieved 
by conventional analgesic drugs, it can seriously af-
fect patients’ lives [7]. These abnormal pathways could 
manifest clinically as severe, persistent, and dysfunc-
tional pain [8]. Peripheral sensitization might also be 
responsible for recurrent conditions and prolonged pain 
in chronic prostatitis. In addition, several alterations 
occur in the DRG, such as producing neurotransmit-
ters and up-regulating channels or receptors in chronic 
prostatitis. These changes mediate the activation and 
sensitization of sensory nerves. Moreover, the DRG has 

a dichotomous function that might regulate the onset, 
progression, and duration of pelvic pain in chronic 
prostatitis (Fig. 3, 4).

1) C-fibers
Capsaicin-sensitive afferent fibers (C-fibers) are a 

kind of unmyelinated sensory fibers. These fibers in-
nervate prostates and bladders and store and release 
SP in case of  local stimulation [38-40]. Prostatitis 
could stimulate C-fibers and increases the SP level 
[41]. SP binds to vascular receptors neurokinin-1 (NK-
1), increasing vascular vasodilation, permeability, and 
extravasation, resulting in neurogenic inflammation 
[20,42]. Once C-fibers are activated, nerve growth fac-
tor (NGF) level is elevated within prostates. In return, 
NGF combines with neuronal Trk-A receptors or TrkA/
p75 NTR receptors to further promote their activation. 
Sensitive sensitized sensory nerves lead to neurogenic 
inflammation and prostatic pain NGF, which take part 
in the pathogenesis of CP/CPPS [43-45]. Spontaneous 
prostatitis developed in aged rats depicted changes in 
the density of sensory nervous innervations. It indi-
cated that sensory nerves might play an essential role 
in the onset and development of chronic prostatitis [46]. 
Furthermore, there is an interaction effect between C-
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which might regulate organ cross-sensitization. The activation and sensitization of parasympathetic nerves caused prostatitis, bladder disability 
and cardiovascular abnormality in CP/CPPS. Additionally, chronic prostatitis influences sympathetic nerves, and patients might present dysfunc-
tional ejaculation, heart rate variability, skin resistance as well as pelvic pain. Chronic prostatitis could contribute to cerebral alterations and PVN, 
leading to a series of symptoms of CP/CPPS, including pelvic pain, depressive disorders, declined perception, anxiety-like behaviors, and dysfunc-
tional ejaculation. CP/CPPS: chronic prostatitis/chronic pelvic pain syndrome, DRG: dorsal root ganglion, PVN: paraventricular nucleus.
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fibers and the pathogenesis of pelvic pain and chronic 
prostatitis.

2) DRG
DRG is a convergence of cell bodies of primary senso-

ry neurons, which play a vital role in the pathogenesis 
of CP/CPPS. Stimulated by prostatitis, various neuro-
logical substances increase in DRG, including TRPV1 
receptors [44,47,48], Trk-A receptors [47,48], and NGF-
sensitive receptors [49]. These substances also include 
Granulocyte-macrophage colony-stimulating factor re-
ceptors (GM-CSFR) [50], chemokine (C-C motif) ligand2 
(CCL2) [50,51], macrophage inflammatory protein-1α 
(CCL3) [50], NGF [47,48,50], GM-CS [50], CGRP [52], and 
SP [53]. These up-regulations contribute to sensory sen-
sitization, which is the basis of CP/CPPS development. 
For example, TRPV1 receptors promote inflammatory 
hyperalgesia by decreasing the inflammatory pain 
threshold and amplifying the pain’s effect [45]. NGF-
sensitive receptors are disposable to acquire nociceptive 
environmental signals and rapidly sensitize upon acute 
exposure to NGF during inflammatory pain [49]. In ad-
dition, sensory passways of pain are stimulated via a 
direct method in which GM-CSFR combines with GM-
CS. Alternatively, they are indirectly stimulated by 
the induction of CCL2, CCL3, and NGF from GM-CS. 
These methods cause nociceptive sensitization to medi-
ate development and perpetual pelvic pain in chronic 
prostatitis [50].

Some researchers suggest that DRG has an efferent 
function. CGRP, SP, and neurokinin A were created 
and reversely released to peripheral tissues. It is done 
via sensory fibers in the case of prostatic inflammation, 
mediating the development of inflammation [20,41]. In 
addition, these neuropeptides might promote a growing 
number of NGF within prostates and NGF connected 
with relative sensory nerve receptors to mediate the 
conveyance, generation, and development of pain to the 
brain [20,43].

DRG is a neuron with dichotomous fibers, CGRP, 
and SP they produce. DRG is emitted to other pelvic 
organs underlying the generation of neurogenetic in-
flammation so that messages of inflammatory pain 
from other pelvic organs are delivered to the CNS. It 
produces pain, but it is difficult to identify whether 
the prostate or other pelvic organs contribute to pelvic 
pain in chronic prostatitis [52]. Dysfunction of pelvic 
floor muscles might be associated with the perpetual 

pelvic pain of chronic prostatitis [54,55]. Since DRG 
has dichotomous functions, pelvic pain generated by 
dysfunction of pelvic floor muscles might be transmit-
ted to the CNS through DRG. It leads to a disability to 
distinguish prostate problems from pelvic dysfunction 
[52]. In conclusion, a series of alterations were observed 
in the DRG in chronic prostatitis; thus, sensory pass-
ways become more sensitive and activated. DRG might 
mediate the onset, development, and duration of pelvic 
pain in chronic prostatitis.

Sensory nervous fibers activate and release neuro-
genic peptides to mediate neurogenetic inflammation 
and peripheral sensitization. In addition, DRG activates 
and sensitizes sensory nerves, producing neurotrans-
mitters and up-regulation of channels or receptors. 
DRG has dichotomous neurons, which might regulate 
organ cross-sensitization. Sensory fibers play an essen-
tial role in the pathogenesis of CP/CPPS (Fig. 3, 4).

2. Sympathetic and parasympathetic nerves
Sympathetic and parasympathetic nerves develop 

prostatitis and persistent pelvic pain. It also causes 
cross-sensitization of organs, including the cardiovascu-
lar system, ejaculation, cutaneous sudomotor neurons, 
and bladders. ICCs, a kind of stromal cells located in 
the prostates, might assist sympathetic nerves in medi-
ating the proliferation and spasm of prostatic smooth 
muscles leading to pelvic pain in chronic prostatitis.

1) Prostatic changes
Sympathetic and parasympathetic nerves might be 

associated with the hormone’s steady state. The axonal 
density of these nerves within the prostate increases in 
mice four weeks after castration, but the exact mecha-
nism is unclear [19]. Sympathetic nerves contribute to 
prostatitis generation. A study found that mice dis-
posed to CP/CPPS after ablation of sympathetic inner-
vations were characterized by increased pro-inflamma-
tory cytokines (TNFα and IL-6) and chemokines (CCL2 
and CCL3). Similarly, TrkAfl/fl mice were disposable to 
spontaneous prostatitis as a special kind of mice with 
noticeable loss of sympathetic nerves. Sympathetic 
nerves play a significant part in the prostates’ steady 
state of the immune environment. Once these nerves 
are blocked, the immune disorder occurs, and autoim-
munity leads to prostatitis development.

Furthermore, the expression of beita2-adrenoceptor 
(Adrb2) and the accumulation of CD11b+F4/80+ mac-
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rophages are highly expressed in the prostate without 
sympathetic nerves [19]. Therefore, it was necessary to 
study that sympathetic and parasympathetic nerves 
might be associated with hormones’ steady state, the 
immune, and the detailed mechanism. Prostatic sympa-
thetic nerves play an important role in the generation 
and development of chronic prostatitis and contribute 
to pelvic pain. Catecholamines and innervation of sym-
pathetic nerves cause the proliferation and spasm of 
prostatic smooth muscles, inducing pelvic pain. Sym-
pathetic nerves secrete catecholamines to participate 
in physiological responses. They also contribute to the 
proliferation and spasm of prostatic smooth muscles 
through the secretion of catecholamines. It mediates 
pelvic pain in chronic prostatitis. In this process, ICCs 
promote sympathetic nerve excitement transmission 
involved in CP/CPPS. ICCs mediate sympathetic ner-
vous signals in location and function sites.

Regarding position, ICCs were stromal cells located 
close between prostatic smooth muscle and sympa-
thetic nerves [11,56]. Functionally, these interstitial 
cells own particular features, such as interaction with 
catecholamines via alpha1-adrenergic receptors, that 
require assistance from sympathetic nerves [56]. ICCs 
participate in the sympathetic modulation of prostatic 
smooth muscles and even regulate catecholamine level 
[57]. Sympathetic and parasympathetic nerves mediate 
prostatitis and pelvic pain generation and development 
in CP/CPPS (Fig. 3, 4).

2) Cross-sensitization of organs
Organ cross-sensitization might be the potential 

pathophysiology of CP/CPPS due to incomplete treat-
ments for this disease and the negative impact on oth-
er organs’ functions. Prostatitis causes their autonomic 
nerves to become abnormal, affecting the cardiovascu-
lar system, ejaculation, cutaneous sudomotor neurons, 
and bladders.

The cardiovascular system is susceptible to altera-
tion in CP/CPPS. Heart rate variability reportedly is 
lower in CP/CPPS men than in control, suggesting 
that chronic prostatitis influences sympathetic and 
parasympathetic nervous systems [37]. Furthermore, a 
report demonstrated that the sympathetic and para-
sympathetic activities of CP/CPPS men differed from 
control ones. During blood pressure measurements 
while lying down for 5 minutes and standing, para-
sympathetic activity hardly changed while sympathetic 

activity decreased in CP/CPPS patients, compared with 
decreased and increased, respectively, in control people 
[9]. Therefore, there might be differences in the sympa-
thetic and parasympathetic nervous systems between 
CP/CPPS patients and normal healthy ones. These 
nervous dysfunctions might be one of the reasons for 
aggravating, developing, and incomplete cures of CP/
CPPS.

CP/CPPS also influences ejaculation. CP/CPPS is a 
complicated disease with repeated pain, incomplete 
treatments, and ejaculation dysfunction, indicating 
that the sympathetic nervous system might inevita-
bly function in the pathogenesis of chronic prostatitis. 
In addition, alteration of the paraventricular nucleus 
(PVN) in prostatitis is a reason for dysfunctional 
ejaculation [31,32]. PVN is the control center of sympa-
thetic nerves of the spinal cords, and it is changed by 
prostatitis-derived interleukin-1β (IL-1β) via growing 
expression of N-methyl-D-aspartic acid (NMDA) recep-
tors. Subsequently, sympathetic nerves of the spinal 
cords are disposable to activation and sensitization. 
Therefore, dysfunction of ejaculation appears in chron-
ic prostatitis patients.

On the other hand, the disorders of 5-hydroxytryp-
tamine (5-HT) levels in the CNS also contribute to dys-
functional ejaculation. Chronic prostatitis interrupts 
the balance of 5-HT levels in brains, decreasing 5-HT 
levels and increasing 5-HT1A receptors expression in 
the hippocampus to mediate dysfunctional ejaculation 
[18]. However, there is no clear explanation of their 
pathogenesis. Furthermore, sudomotor neuron abnor-
mality is also present in prostatitis through sympathet-
ic nervous system alteration. Dysfunctional cutaneous 
sudomotor neurons manifest skin resistance to electri-
cal currents in CP/CPPS men, which was distinguished 
from normal ones [58]. Organ cross-sensitization can be 
found in prostatitis by altering sympathetic and para-
sympathetic nerves. CP/CPPS is a complicated disease 
accompanied by multiple organ dysfunction, indicating 
that these nervous systems might play an inevitable 
function in the pathogenesis of chronic prostatitis.

Bladder abnormality is associated with chronic pros-
tatitis. There is a clinical and etiological crossover be-
tween CP/CPPS and painful bladder filling or urinary 
urgency [59]. The main symptoms of long-term bladder 
hyperexcitability are frequent and urgent urination, 
pain, and discomfort of the lower abdominal or perine-
um. These are similar to symptoms of CP/CPPS, indi-
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cating that bladder abnormality is relative to chronic 
prostatitis. It was found that chronic prostatitis excited 
its afferent nerves and increased transient receptor 
potential vanilloid1 (TRPV1) channel expression in L6-
S1 DRG. It results in afferent neurons hyperexcitabil-
ity, NGF up-regulation of bladders and prostates, and 
bladder abnormality [60]. Furthermore, it was observed 
in CP/CPPS that NGF was up-regulated, and the para-
sympathetic function of bladders was activated and 
sensitized following DRG excitement [41]. Prostatitis 
caused the up-regulation of NGF and activation of 
parasympathetic nerves of the bladder. It led to long-
term bladder hyperexcitability, underlying one of the 
pathogenesis of pelvic pain in chronic prostatitis.

Additionally, dichotomized afferents involved in 
primary pelvic afferents, located in plenty of DRG, 
also play an important role in cross-sensitization of 
the prostate and bladder [34,61]. The bladder’s efferent 
nerves and afferent nerves change in chronic prosta-
titis [33-36]. Apart from DRG’s dichotomized function, 
prostates and bladders’ autonomic nerves are derived 
from the pelvic plexus and a common spinal cord seg-
ment. Long-term bladders hyperexcitability is observed 
in chronic prostatitis due to the bladder’s autonomic 
nerve activation and sensitization and the growing 
number of  NGF in bladders. This condition might 
mediate the onset, development, and perpetual pain 
of CP/CPPS. Interestingly, urocystitis leads to prosta-
titis, which is caused by neurogenic inflammation in 
the bladder by stimulation of cross-visceral reflexes. 
Furthermore, adoptive macrophage migration inhibi-
tory factor (MIF) in the bladder lumen could reduce 
prostatic inflammatory conditions, while the particular 
mechanism of these alterations is obvious [62].

In general, organ cross-sensitization might be novel 
pathophysiology of CP/CPPS. Chronic prostatitis mani-
fests as long-term recurrent pain or discomfort in the 
pelvic area and paruria, which might be associated 
with long-term bladder hyperexcitability. It is caused 
by the activation and sensitization of sensory and 
parasympathetic nerves. Additionally, chronic prostati-
tis influences sympathetic nerves, and patients might 
present sexual abnormalities, such as dysfunctional 
ejaculation. Heart rate variability and skin resistance 
are also abnormal in CP/CPPS patients, confirming a 
close relationship between sympathetic/parasympa-
thetic nerves and CP/CPPS (Fig. 4).

3. CNS changes’ close relation with CP/CPPS
The CNS integrates and processes nociceptive sig-

nals. These signals are transmitted from the periphery 
to produce nociception in the brain. Some studies con-
firmed that pain persisted. However, the inflammatory 
condition subsided, indicating that CNS sensitivity was 
crucial in developing and maintaining chronic pain [6]. 
Central sensitization is an increase in CNS responsive-
ness to normal or below-threshold stimuli. It exhibits 
abnormal excitation, which might be one of the patho-
genesis of persistent pelvic pain in chronic prostatitis 
[6,7,44]. Various evidence elucidates spinal activation 
and sensitization in the spinal cords of chronic pros-
tatitis to mediate pain sensitization, chemokines and 
channels up-regulation, and microglial cells and astro-
cytes activation. Cerebral sensitization also contributes 
to full-blown multisensory hypersensitivity, including 
pelvic muscles, prostate and scrotal threshold, underly-
ing generation, development, and maintenance of ab-
normal pain in chronic prostatitis [59].

The production of  persistent abnormal pain in 
chronic prostatitis is also caused by cerebral ascending 
and descending pain passways. The CNS processing of 
nociceptive signals is also modulated by ascending and 
descending pain-modulatory system. This system is a 
network that modulates the facilitation and inhibition 
of pain [63]. Therefore, abnormalities in these passways 
lower pain thresholds and increase trauma signals and 
pain levels in chronic prostatitis. Furthermore, acti-
vated PVN also influences dysfunctional ejaculation of 
CP/CPPS.

1) Low-level CNS
Spinal cord levels L6 and S1 with c-fos positive ex-

pression after rat prostates suffered from acute chemi-
cal stimulations. The skin appeared to have neurogenic 
inflammation innervated by identical cord levels. It 
suggested that spinal cords received stimulated mes-
sages conveyed from afferent nerves and then became 
activated and sensitive, leading to neurogenic inflam-
mation in peripheral organs [41,64]. The activated and 
sensitive spinal cord might be the main culprit of pros-
tatitis development. Various alterations in the spinal 
cords of chronic prostatitis mediate prostatitis genera-
tion and development. These include expressions of 
CCL2 [51,53], TRPV1 channels [44], 5-HT 1A receptors 
[18], and acid-sensing ion channel 1a (ASIC1a) channels 
[65]. Up-regulation in the spinal cords of chronic prosta-
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titis contributes to central activation and sensitization. 
It decreases the inflammatory pain threshold, ampli-
fies inflammatory hyperalgesia, and promotes the de-
velopment of long-term pain in chronic prostatitis. The 
up-regulation of ASIC1a channels mediates pelvic pain 
and leads to a growing number of pro-inflammatory 
cytokines TNF-α, IL-2, IL-6, and IFN-γ. It promotes the 
generation and development of inflammation. These 
channels work together with NMDA receptors, result-
ing in central sensitization as a basis for pain hyper-
sensitivity in CP/CPPS [65].

Furthermore, microglial cells and astrocytes in the 
spinal cords also play an essential role in generating 
and developing CP/CPPS. Activated microglia-induced 
central activation and sensitization are involved in 
chronic pain maintenance [7]. By contrast, their in-
hibitors reduce pain by approximately 20% in the ex-
perimental autoimmune prostatitis (EAP) models [66]. 
Microglial cells play an essential role in the genera-
tion and development of resistant pain. Furthermore, 
microglial cells also produce various chemokines and 
inflammatory cytokines, mediating neurogenic inflam-
mation or further promoting central activation and 
sensitization [66].

On the other hand, astrocytes contribute to develop-
ing and maintaining chronic pain by responding to 
peripheral prostatitis stimuli [7]. Some studies found 
that astrocyte activation rose to the later stages of 
carrageenan-induced prostatitis pain five weeks after 
carrageenan injection. This observation indicated that 
astrocytes contribute to the development of pain in the 
later period. Therefore, astrocytes play an important 
part in the resistant pain of chronic abacterial prosta-
titis [67,68]. Various evidence shows the activation and 
sensitization of spinal cords in chronic prostatitis. It 
includes the up-regulation of chemokines and channels 
and the activation of microglial cells and astrocytes. 
Central sensitization consistently boosts spinal neurons 
of nociceptive progress, generation, development, and 
perpetual existence of pain [69]. Therefore, sensitization 
of spinal cords plays an important role in developing 
and maintaining chronic pain (Fig. 3, 4).

2) High-level CNS
Pelvic pain, scrotal pain, and dysfunctional ejacu-

lation could be induced by alternations of cerebral 
structures and functions in CP/CPPS, including cortex, 
brainstem, thalamus, and PVN. Pelvic pain is a com-

mon symptom in the CP/CPPS, resulting from abnor-
malities of the cortex, brainstem, and thalamus. Brain 
structure and function are important factors to consid-
er in long-term pain of chronic prostatitis, as cerebral 
cortex morphology facilitates or inhibits pain main-
tenance. Alterations in the medial areas of the motor 
and sensory cortex in chronic pelvic pain dominate the 
sense and motor of pelvic muscles. The cerebral cortex 
is altered in chronic prostatitis, leading to hypersensi-
tivity in sensory areas that innervates the pelvic mus-
cles and prostate tissue. It results in the generation, 
development, and maintenance of generalized pelvic 
pain, underlying a vital function in the pathogenesis of 
CP/CPPS [59].

Furthermore, the anterior cingulate cortex (ACC), 
insular cortex (INC), right medial prefrontal cortex 
(mPFC), brainstem, and right thalamus participate in 
the generation and development of pelvic pain in CP/
CPPS. Both cerebral ascending and descending pain 
passways before the formation of pain perception in 
the cerebral cortex participated in the modulation of 
sensory transmission. ACC, INC, and mPFC play an 
essential role in descending pain passways, while the 
brainstem and right thalamus participate in ascend-
ing pain passways. However, ACC, INC, and mPFC are 
substantially inhibited in chronic prostatitis, so they 
fail to descend pain to cause long-term pelvic pain. By 
contrast, the brainstem and right thalamus are per-
ceived to be abnormal in CP/CPPS patients compared 
to the control ones, so pain might be exaggerated to 
transmit to the cortex. Ascending and descending pain 
passways appear abnormal in CP/CPPS patients, lead-
ing to sensitization and amplification of pain due to de-
creased pain threshold, increased trauma signals, and 
algesthesis degree [70]. Abnormal scrotal pain and dys-
functional ejaculation were also disposable in chronic 
prostatitis. It was found that higher levels of IL-1β and 
IL-6 were measured in the thalamus and brain cortex 
in chronic prostatitis, resulting in their activation and 
sensitization.

Furthermore, the scrotal pain threshold decreased, 
contributing to the generation, development, and main-
tenance of abnormal scrotal pain [71]. Dysfunctional 
ejaculation, one of the symptoms of CP/CPPS, is caused 
by activated PVN located in the cerebrums, along with 
the up-regulation of NMDA receptors [31,32]. PVN is 
the central monitor of sympathetic nerves, and ejacula-
tion is innervated and regulated by them. Consequent-
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ly, activated PVN contributes to abnormal ejaculation 
in CP/CPPS.

Cerebral cortex sensitization and abnormal cerebral 
ascending and descending pain passways generate, de-
velop, and maintain pelvic and scrotal pain in chronic 
prostatitis. In addition, activated PVN influences 
dysfunctional ejaculation of CP/CPPS. The high-level 
CNS is closely related to the pathogenesis of CP/CPPS. 
The autonomic nervous system becomes activated and 
sensitive to contribute to the generation and develop-
ment of persistent pelvic pain and cross-sensitization of 
organs. In addition, the autonomic nerve also mediates 
neurogenetic inflammation or prostatitis.

Cross-sensitization plays an essential role in the pel-
vic pain of CP/CPPS. This report summarized three 
important points. First, DRG has dichotomous affer-
ents, and the cell bodies of sensory nerve fibers from 
two different organs are present in the same DRG. 
Similarly, the sensory nerve cell bodies of the prostate 
and bladder are in the same DRG. If one has abnormal 
stimulation or inflammation, its sensory nerves get 
activated. The cell bodies of these activated sensory 
nerves produce and release nerve-related peptides and 
up-regulate the expression of nociceptive channels. 
Consequently, other inactive cell bodies in the same 
DRG anatomy space become activated through para-
crine or autocrine. Activated sensory nerves have an 
efferent function. Therefore, these neuropeptides are 
transported from DRG to nerve endings, arriving at 
peripheral organs that are innervated or spinal cords. 
This mechanism insults injury to organs that are al-
ready inflamed, leading to neurogenic inflammation 
in the organs that were normal through dichotomous 
DRG and mediating peripheral (sensory nerves and 
organs) and central (spinal cords) sensitization. Second, 
spinal sensitization participates in organ cross-sensiti-
zation. Common or adjacent spinal cords could interact 
with each other. The prostate and bladder have the 
same and adjacent spinal cord segments. Therefore, a 
close relationship exists between the bladder and the 
prostate. Third, cerebral sensitization contributes to 
the generation and development of cross-sensitization 
of organs. Cerebral sensitization contributes to general-
ized pain, including prostate, pelvic muscles, and scrotal 
areas. Additionally, the central centers that direct sym-
pathetic and parasympathetic nerves influence organ 
functions if activated and sensitive. It is how prostati-
tis could affect the cardiovascular system, ejaculatory 

function, skin reactions, and bladder activity [23,24,72].

CP/CPPS INFLUENCE ON THE CNS

CP/CPPS influences spinal cords, where there are 
various alterations, including up-regulation of cyclooxy-
genase-2 (COX-2), NGF, brain-derived neurotrophic fac-
tor (BDNF) [44], CCL2 [51,53], Trk-A channels, TRPV1 
channels [44], TRPV1 channels [44], 5-HT 1A receptors 
[18], and ASIC1a channels [65]. Besides, CP/CPPS influ-
ences brain function and structures. ACC, INC, mPFC, 
and brain stem are perceived as alterations in CP/
CPPS [59,70,73,74]. The caudate cortex, the lateral col-
umn of the periaqueductal gray, and the thalamus are 
strongly activated after intraprostatic capsaicin [44]. 
These cerebral areas are closely related to pain, and 
their positive BOLD signals are significantly increased, 
particularly the caudate cortex. Altered connections 
in the frontoparietal control network are measured 
in CP/CPPS patients, which might control pelvic pain 
and lower urinary tract symptoms [75]. Besides pain, 
depressive disorders and anxiety-like behaviors are 
influenced by CP/CPPS [18,74,76]. Some researchers 
suggested prostatitis contributes to activated cerebral 
microglia and pro-inflammatory cytokine production. It 
leads to the generation and development of depressive 
behaviors [76].

On the other hand, chronic prostatitis causes 5-HT 
levels to decrease and 5-HT1A receptors’ expression to 
increase in the hippocampus to mediate the generation 
of depressive behaviors [18]. Furthermore, cerebral mi-
croglial cell motivation and microglial synaptic contacts 
are also influenced by chronic prostatitis. Therefore, 
the declined perceptions and structural neuroplasticity 
were observed in CP/CPPS [77]. In addition, the PVN 
located in the brain also changed. The number of IL-6 
and IL-1β increases in the thalamus and brain cortex 
in chronic prostatitis, leading to dysfunctional ejacula-
tion and central sensitization [31,32,71]. Chronic prosta-
titis could contribute to cerebral alterations, including 
brain cortex, brain stem, thalamus, PVN, and connec-
tions in the frontoparietal control network. It indicated 
that chronic prostatitis affects brain structures and 
functions, leading to a series of symptoms of CP/CPPS, 
including pelvic pain, depressive disorders, declined 
perception, anxiety-like behaviors, and dysfunctional 
ejaculation (Fig. 4).
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NERVE-RELATED SUBSTANCES IN 
CP/CPPS

In CP/CPPS, there were a series of substances in-
volved in the generation and development of pain 
conditions in chronic prostatitis, including CGRP, SP, 
BDNF, NGF, MIF, GM-CSF, connexin-43 (Cx43), IL-1β, 
COX-2, prostaglandin E2 (PGE2), CCL3, CCL2, CXCL1, 
5-HT, serotonin transporter (SERT), mast cells, and 
macrophages.

1. CGRP
CGRP is a member of the calcitonin peptide family 

and a potent vasodilator that mediates neurogenetic in-
flammation. It is produced and located in the C-sensory 
fibers, DRG, and CNS. Functionally, it participates in 
nociceptive signals transmission, neuro-inflammation, 
peripheral and central sensitization, and abnormal 
pain development [78]. Activated and sensitive C-fibers 
release CGRP to mediate neurogenic inflammation [6]. 
DRG neurons increase the CGRP expression and me-
diate hyperalgesia responses, peripheral sensitization, 
and neurogenetic pain development [79]. Stimulated 
by chronic prostatitis, sensory fibers activate and con-
vey signs to DRG to measure the growing number of 
CGRP.

DRG releases CGRP to peripheral tissues, including 
prostates and other pelvic organs, promoting the gen-
eration and development of neurogenetic inflamma-
tion in these regions [52,80]. CGRP is also found in the 
spinal cords. It regulates astrocyte activation, processes 
pain, contributes to central sensitization, and is associ-
ated with developing and maintaining neuropathic 
pain [81]. In the chronic prostatitis models, increased 
CGRP release is observed in L5-S2 spinal cords. It indi-
cates that chronic prostatitis excites the sensory nerves 
and activates an equivalent level of spinal cords [80]. 
In general, the alteration of CGRP is concomitant with 
chronic prostatitis. Consequently, DRG and spinal cords 
appear to have elevated levels of CGRP, which might 
play an important role in the generation, development, 
and persistence of pelvic pain in chronic prostatitis.

2. SP
SP is a neurotransmitter and a protein in nature. Its 

main receptor is the NK-1, located primarily in neurons 
in the brain, spinal cord, and vascular endothelium 
[21,82]. In response to repeated stimulation, nociceptive 

receptors transmit these signals to sensory nerve fibers 
and DRG, activate them, and produce large amounts of 
CGRP and SP. These substances are released to nerve 
terminals and the CNS [22]. SP is a key molecule in the 
neurogenic inflammatory response and critical interac-
tion between the nervous and immune systems. Periph-
erally-released SP causes vasodilation and increases 
permeability and plasma protein leakage by acting on 
NK-1 receptors expressed in the vascular endothelium 
[21,22,82]. They also activate lymphocytes, and mast 
cells or macrophages, promoting neuro-inflammation 
and sensitizing sensory nerves to nociception [21,26,82]. 
In addition, SP could lead to the development of cen-
tral sensitization [26,83].

SP also contributes to the pathogenesis of CP/CPPS. 
Sensory fibers, DRG, and spinal cords are disposable 
to an elevated expression of SP in the EAP models 
[53,80,84]. Activated DRG produces and releases SP to 
the tissues’ sensory fibers, terminal innervates, and 
spinal cords. Peripheral SP-induced neurogenetic in-
flammation, oxidation reaction in prostates, and SP of 
spinal cords increase central sensitization to pelvic no-
ciception [84]. SP promotes a neurogenic inflammatory 
response in the prostates and mediates pain transmis-
sion from sensory nerves to the central system, which 
might be a novel pathogenesis of persistent, refractory, 
and repeating pelvic pain in chronic prostatitis [85].

3. NGF and BDNF
BDNF and NGF are neurotrophic factors (NTs) com-

prising p75 receptor (p75R) and tropomyosin receptor 
kinase A (TrkA). BDNF, a kind of soluble polypeptide, 
is synthesized by DRG and transported anterograde to 
the spinal cord [86]. In the prostatitis models, its level 
is increased in the spinal cords [66]. BDNF might play 
an important role in central sensitization by mediat-
ing the pelvic pain pathogenesis in chronic prostatitis. 
In contrast, NGF is a neurotrophic protein produced in 
mast cells that are stored in granules with two recep-
tors, induced sensitization of nociception, and enhanced 
neuronal density in peripheral tissues. NGF stimulates 
the expression of inflammatory factors and affects ion 
channels, receptors, and damage-related peptides. It 
also induces persistent mechanical hypersensitivity, co-
operates with mast cells, and increases excitability and 
sensitization of sensory and sympathetic nerves [87]. 
Evidence confirms that NGF is closely associated with 
CP/CPPS.
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In the CP/CPPS patients, up-regulation of NGF is 
measured in prostatic fluid. It had been observed in 
EAP models [47,48,88,89], and the alteration of NGF 
is closely related to the severity of CPPS patients [90]. 
Prostatitis stimulates excitement of their afferent 
sensory nerves, which reversely stimulate prostates. It 
leads to the growing expression of NGF in the pros-
tates. It causes neurogenic inflammation in prostates 
and sensitizes their afferent nerves to nociception. 
Prostatitis promotes NGF up-regulation in bladders, 
resulting in erethism and abnormal bladder excite-
ment. It also produces pelvic pain, and the symptoms 
are similar to those of CP/CPPS [35,44,60,91]. NGF 
plays an important role in chronic prostatitis onset and 
perpetual pain [88]. Prostatitis-induced up-regulation of 
NGF levels in prostates and bladders leads to the de-
velopment of neurogenetic inflammation in prostates, 
the occurrence of abnormal activation in bladders, and 
the sensitization of afferent sensory nerves.

4. Mast cell
Mast cells are immune cells that play an important 

role in the immune system. They interact with sen-
sory nerve fibers and influence each other. Locally, 
mast cells accumulate around nerves, providing a solid 
basis for involvement in signal transduction at neu-
roimmune synapses and playing a pivotal role in pain 
transmission and peripheral sensitization [92]. Func-
tionally, interactions and influences between mast cells 
and sensory nerve fibers mediate the generation, de-
velopment, and maintenance of nociception. Stimulated 
sensory nerve fibers release neurotransmitters that 
activate mast cells, causing mast cells to express vari-
ous receptors and neuropeptides, including NGF and 
trypsin-like enzymes. This mechanism mediates the 
promotion of peripheral sensory nerve sensitization. 
Sensitized nerves release large amounts of neurotrans-
mitters that interact with mast cell surface receptors. 
They activate mast cell degranulation one more time 
to release nociceptive substances. It results in a vicious 
cycle of mast cell and injury receptor activation un-
derlying persistent neurogenic inflammation and pain 
[7,93,94]. A similar mechanism is observed in the CP/
CPPS.

In CP/CPPS patients, elevated trypsin-like enzymes 
were detected in prostate secretions and urine from 
CP/CPPS patients [1,95,96]. Mast cell degranulation 
was increased in prostate secretions and biopsies [95]. 

In the prostates of the CP/CPPS model, the number of 
mast cells, degranulated ones, and the levels of trypsin 
and NGF were significantly increased in prostates [94]. 
A mouse model of EAP was presented with abnor-
mal pelvic mechanical pain associated with increased 
mast cell infiltration and activation [48,91,97,98]. The 
sensory nerves innervating prostates were activated 
in response to the stimulation of prostatitis. Their 
terminal secreted SP and NGF, along with NGF in-
teracting with NGF receptors (TrkA) on the surface 
of the mast cell membrane. Subsequently, these mast 
cells degranulated and released inflammatory factors, 
including trypsin-like enzymes and more NGF and SP. 
These trypsin-like enzymes acted on the neurons via 
protease-activated receptor2 (PAR2) to induce neuro-
nal excitability. It increased peripheral sensitization, 
neuronal excitability, pelvic hyperalgesia, and chronic 
pain in chronic prostatitis patients [1,7,96,97]. Reduc-
ing the number of total and degranulated mast cells in 
the prostate could relieve pelvic pain, which was more 
efficient in clarifying mast cells that play an essential 
role in the generation and development of pelvic pain 
in chronic prostatitis [89,94].

5. Macrophage
A macrophage is a type of white blood cell in the 

immune system that engulfs and digests pathogens, 
mediating inflammatory responses. In addition, it plays 
an important role in peripheral and central sensitiza-
tion and the generation and development of chronic 
pain. Macrophages migrate and infiltrate in the DRG 
and spinal cords, leading to peripheral and central 
sensitization, contributing to the pathological process 
of inflammatory pain, and the generation and develop-
ment of chronic pain [99]. Macrophages also play an 
essential role in CP/CPPS. Infiltration of macrophages 
into the DRG increases in the EAP to take part in the 
early phase of peripheral sensitization. In addition, 
macrophage infiltration was also observed in the lum-
bosacral (LS) region of the spinal cord (L6-S2) in EAP 
mice. It closely interacted with activated and increased 
microglia and macrophages in the dorsal horn of the 
spinal cord to induce and maintain pelvic pain in 
chronic prostatitis [51].

6. MIF
MIF is a pro-inflammatory cytokine involved in the 

inflammatory response [100], which might contribute 
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to prostatitis pathogenesis. Trichomonas vaginalis 
macrophage migration inhibitory factor (TvMIF) could 
enhance RWPE-1 cell activate inflammatory factors, 
taking part in the development and proliferation of 
prostatitis [101]. It is also present in nerve cells and me-
diates changes in the nervous system [102]. Changes in 
MIF levels could hyperactivate nociception in the DRG 
and consistently promote pain [103]. In addition, the ex-
pressions of MIF and MIF receptor CD74 in formalin-
induced inflammatory nociception were up-regulated in 
the dorsal horn of the spinal cord. It might lead to cen-
tral sensitization mediating the sensitivity to inflam-
matory pain [104]. This condition could also be seen in 
the CP/CPPS. Formalin reduced L6/S1 LS spinal cord, 
DRG, and up-regulated MIF expression in prostatitis. 
The afferent nerves in these areas also innervated 
bladders, activating their C-fiber afferents to release 
SP. This substance induced neurogenic inflammation 
and released MIF into the bladder lumen [62,105]. MIF 
compensates and persists temporary neurogenetic in-
flammation induced by SP. In addition, elevated MIF 
expression of spinal cords mediates hyperreflexia and 
perpetual pain in bladders [106,107]. Therefore, prosta-
titis causes abnormal bladder, paruria, and pelvic pain. 
It has similar symptoms of CP/CPPS underlying the 
generation, development, and persistence of pelvic pain 
in chronic prostatitis.

The inflammation alteration in the bladder could 
also influence the inflammatory progress of prostatitis. 
Intraluminal MIF inhibitors alleviate neurogenetic 
inflammation in the bladder induced by SP and relieve 
inflammatory response of the prostate [62,105]. Up-reg-
ulation of MIF level mediates and persists neurogenet-
ic inflammation induced by SP. In addition, elevated 
MIF expression of L6/S1 spinal cords might play a vital 
role in the relationship between prostates and bladders.

7. GM-CSF and Cx43
GM-CSF is a cytokine that interacts with inflamma-

tory cells, mediating autoimmune and chronic inflam-
matory diseases. It also plays an important role in the 
pain process, and a high level of it indicates extensive 
pain, increasing sensitization to mechanical stimulation 
and directly reacting with neurons [108]. In addition, 
GM-CSF takes part in CP/CPPS.

GM-CSF mRNA is significantly increased in the 
prostatic fluid from CP/CPPS patients. In mice induced 
with EAP, GM-CSF mRNA increases more signifi-

cantly in the prostates and coagulation glands’ ventral 
and dorsal lobes than control. Furthermore, an increase 
in GM-CSF receptors was measured in prostates and 
DRG. Notably, GM-CSF-deficient mice demonstrated 
less tissue inflammation, less chronic pelvic pain, and 
significantly reduced CCL2, CCL3, and NGF mRNA 
expression in prostate tissue in the EAP. These phe-
nomena suggest that GM-CSF is essential for main-
taining chronic pelvic pain in the EAP. It encourages 
nociceptive sensitization to mediate development and 
perpetual pelvic pain in chronic prostatitis [50].

Cx43, a kind of connexon, forms gap junctions to 
build wide networks among astrocytes in the CNS, 
influencing chronic pain diseases [109]. Cx43 is ex-
pressed in the astrocytes and significantly increases in 
the dorsal spinal cords of capsaicin-related prostatitis 
after five weeks, modulating production and releas-
ing CXCL1, and underlying the latter development 
and persistent pain of chronic prostatitis [67]. Cx43 up-
regulation in astrocytes of spinal cords persists after 
spinal cord or nerve injury [6], and the expression of 
Cx43 increases in the spinal cords in the later phase of 
EAP. These two observations indicate that Cx43 might 
mediate the latter stage of pelvic pain in chronic pros-
tatitis and contribute to persistent pain and chronic 
prostatitis development.

8. IL-1β
IL-1β is a member of the interleukin-1 cytokine fam-

ily, involved in the inflammatory response. Its elevated 
expression is observed in prostate secretions expressed 
by patients with CP/CPPS [110]. An increasing num-
ber of IL-1β is seen in the serum and prostates of EAP 
models [31,111-113]. Interestingly, IL-1β is involved in 
the inflammatory response to chronic prostatitis and 
mediation of pain development. It increases spinal ex-
citability and modulated pain sensitivity at the spinal 
cord level [114,115]. In addition, spinal astrocytes pro-
duce IL-1β, which activates astrocytes by binding to the 
IL-1 receptor (IL-1R), contributing to central sensitiza-
tion and leading to long-term maintenance of chronic 
pain [116]. In the models of prostatitis, the expression 
of IL-1β is up-regulated in the spinal cords [67]. CGRP 
promotes IL-1β production from spinal glial cells and 
CP/CPPS spinal cords and is susceptible to the up-regu-
lation of CGRP expression. Therefore, CGRP promotes 
the growing expression of IL-1β in the spinal cords in 
CP/CPPS to increase pain sensitization [81]. In addition, 
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IL-1β significantly increases and plays an important 
role in the brain to mediate central system excitation 
and sensitization [114]. Higher levels of IL-1β were mea-
sured in the thalamus and cortex of CP/CPPS animals, 
resulting in scrotal pain threshold decreasing signifi-
cantly and susceptibility to seizures underlying central 
sensitization [71]. Furthermore, IL-1β also plays an im-
portant role in NMDA receptor activity [114]. Prostatic 
IL-1β enters the CNS via the blood-brain barrier, in-
ducing up-regulation of NMDA receptors, making the 
sympathetic nervous system sensitive, and promoting 
abnormal ejaculation in CP/CPPS [31].

9. PGE2 and COX-2
COX-2, prostaglandin-endoperoxide synthase, is a 

kind of enzyme participating in the synthesis of PGE2. 
PGE2 binds to their receptors (EP1-4) and acts as a 
pro-inflammatory mediator. This process induces pe-
ripheral and central inflammatory pain sensitization 
and sensitizes peripheral nociception. This behavior 
contributes to the development and maintenance of 
inflammatory nociceptive sensitization [114]. In the 
chronic prostatitis models, the serous PGE2 was in-
creased significantly [117]. In addition, prostates of CP/
CPPS depicted an increased expression of COX-2 and 
PGE2 [118-120]. Inflammatory responses could enhance 
their expression of them in the prostatic tissues.

On the other hand, prostatitis promotes IL-1β levels, 
acting as a mediator of inflammatory hyperalgesia. 
It could induce up-regulation of COX-2 and stimulate 
the subsequent release of COX-2 [118]. Up-regulation 
of COX-2 was observed in prostatitis, promoting mass 
production of  PGE2. It resulted in peripheral and 
central inflammatory pain sensitization, decreased 
pain threshold of prostates, and induced abnormal-
ity of bladders by cross-sensitization of organs. This 
mechanism promotes the generation, development, 
and persistence of pelvic pain in chronic prostatitis. 
Down-regulation of COX-2 overexpression could reduce 
PGE2 levels, increase the pain threshold, and alleviate 
chronic pelvic pain in chronic prostatitis [118,119]. COX-
2 and PGE2 increase the excitability and sensitivity of 
nociceptors and peripheral and central inflammatory 
pain sensitization.

Moreover, PGE2 also mediates the cross-sensitization 
of organs between prostates and bladders. Prostatitis 
causes activation of DRG due to dichotomous affer-
ent sensory neurons between prostates and bladders. 

It leads to up-regulation and interaction of PGE2, EP4, 
and TRPV1 in the bladder mucosa. Therefore, the 
bladder afferent nerve becomes sensitive, contribut-
ing to abnormal activity of bladders and pelvic pain in 
chronic prostatitis [121].

10.  CCL3, CCL2, and C-X-C motif ligand 1 
(CXCL1)

Chemokines are a family of small cellular factors or 
signaling proteins secreted by cells to induce the direc-
tional movement of leukocytes and other cells. They 
are essential in inflammation, central sensitization, 
and chronic pain. Among them, chemokine C-C motif 
ligand and C-X-C motif ligand are members of the sub-
family. CCL3 and CCL2 belong to the chemokine C-C 
motif ligand, while CXCL1 is the C-X-C motif ligand.

CCL3, also known as macrophage inflammatory pro-
tein 1-alpha (MIP-1-alpha), is a cytokine involved in the 
acute inflammatory state in the recruitment and acti-
vation of polymorphonuclear leukocytes. It also plays 
an important role in neurogenetic pain by binding to 
its receptors CCR1 and CCR5 [122]. Furthermore, CCL3 
plays an important role in CP/CPPS.

CCL3 levels are increased in seminal plasma, EPS, 
and urine of CP/CPPS patients after prostate mas-
sage [1,123]. In addition, CCL3 is increased in chronic 
abacterial prostatitis models’ prostates and spinal cords 
[50,66,95]. Significantly increased CCL3 levels in the 
spinal cords mediate communication between neurons 
and glial cells, leading to macrophage migration and 
microglia activation. It results in central sensitization, 
nociceptive hyperalgesia, and persistent mechanical ab-
normalities in pain. It is involved in neuropathic pain 
development [99,124]. However, CCL3-deficient mice ex-
hibit resistance to the maintenance of pelvic pain. In-
jecting CCR1 and CCR5 inhibitors into the spinal cords 
reduced symptoms of persistent mechanical aberrant 
pain, indicating that CCL3 is an important mediator of 
CP/CPPS [99,125]. CCL3 is increased in the spinal cords 
of the chronic abacterial prostatitis model. It medi-
ates central sensitization and persistent pelvic pain of 
chronic prostatitis.

CCL2 is a secreted protein that acts as a pro-inflam-
matory mediator, recruiting immune cells to damaged 
tissues and mediating inflammation development. It 
also mediates peripheral and central sensitization to 
underlying pain pathogenesis of chronic persistent 
pain [126]. Similarly, CCL2 also plays an essential role 
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in CP/CPPS.
High levels of CCL2 could be measured in the pros-

tatic fluid of CP/CPPS patients [123]. In the EAP mod-
els, CCL2 is up-regulated in the prostates, spinal cords, 
and DRG [50,51,95,127]. Astrocytes release nociceptive 
factors that lead to central sensitization, encouraging 
chronic pain development, severity, and persistence 
[6,128]. Therefore, astrocytes and neurons in the spinal 
cord are activated and perceived in elevated CCL2 ex-
pression in the EAP model. It might promote central 
sensitization to pain and mediate chronic pelvic pain of 
chronic prostatitis [51].

In addition, CCL2 is released from activated glial 
cells of the DRG in a calcium-dependent manner and 
could promote increased Ca2+ ion influx through bind-
ing to its receptor CCR2 in the DRG. This mechanism 
promotes pain signaling and synaptic plasticity in 
excitatory neurons, leading to central sensitization 
and pain sensitivity. CCR2 antagonists also alleviate 
and inhibit pain development, suggesting that CCL2 
in the DRG mediated key mechanisms of chronic in-
flammatory pain [126]. Therefore, high expression of 
CCL2 in the DRG is observed in the EAP model, and 
its role as a macrophage recruitment factor promotes 
macrophage infiltration in the DRG. It might mediate 
the early events of EAP-related peripheral sensitiza-
tion. Up-regulation of CCL2 is seen in the spinal cords 
and DRG, promoting macrophage infiltration in these 
regions. It also encourages pain-signaling delivery and 
synaptic plasticity in excitatory neurons, leading to pe-
ripheral and central sensitization. It contributes to the 
generation and development of pelvic pain in chronic 
prostatitis.

CXCL1 is a small peptide belonging to the CXC che-
mokine family, and CXCR is its receptor, mediating 
inflammatory responses. CXCL1 modulates neuronal 
excitability by altering ionic currents and channels un-
der neuro-inflammatory conditions. Therefore, it plays 
an essential role in central sensitization and chronic 
pain [6,124]. Conversely, CXCL1 inhibition in spinal 
astrocytes effectively attenuates chronic pain in rats 
[129]. CXCL1 up-regulation is disposable in the prostatic 
tissues and dorsal spinal cords of chronic prostatitis 
models [67,130]. However, intraspinal administration of 
CXCL1 antibodies and CXCR2 antagonists alleviates 
mechanical pain hypersensitivity in chronic prostatitis. 
This effect indicates that CXCL1 plays an important 
role in central sensitization, underlying the generation, 

development, and persistence of chronic pelvic pain in 
prostatitis.

11. 5-HT and SERT
5-HT is a monoamine neurotransmitter synthe-

sized and stored in the CNS. 5-HT is associated with 
decreased sexual function and inhibits ejaculation 
by tonic inhibition mediated by 5-HT1B and 5-HT2 
receptors [131]. Its absence is associated with depres-
sion. SERT, a highly selective SERT protein located 
in the presynaptic membrane, removes 5-HT from the 
synaptic gap, terminating its action and recycling it in 
a sodium-dependent manner [132,133]. However, some 
researchers elucidated that there is efficient evidence 
to prove the intimate relationship between 5-HT and 
depression [133]. 5-HT also contributes to CP/CPPS. 
Compared to controls, EAP rats are disposed to typi-
cal depressive behaviors and impaired sexual function, 
with a significant decrease of 5-HT expression in the 
hippocampus and spinal cords (T13-L1, L5-S2). However, 
it is an elevated level of SERT in the hippocampus 
and spinal cords (L5-S2) by contrast [18]. The decreased 
5-HT in the CNS contributes to depressive behaviors 
and sexual dysfunction in EAP rats. Even the growing 
expression of SERT in these regions reduces 5-HT lev-
els, aggravating these symptoms. Therefore, depression 
and sexual disorders are often observed in CP/CPPS 
patients and might be influenced by decreased levels of 
5-HT in CNS.

In general, a growing level of  nerve-related sub-
stances in chronic prostatitis participates in neurogenic 
inflammation, peripheral and central sensitization, and 
sympathetic nervous alteration. An increased expres-
sion of SP in chronic prostatitis promotes a neurogenic 
inflammatory response and MIF-mediated and persis-
tent neurogenetic inflammation induced by it. In ad-
dition, the number of BDNF, GM-CSF, COX-2, PGE2, 
mast cells, and macrophages increases in CP/CPPS, 
contributing to peripheral and central sensitization 
to decrease pain threshold and amplify the pain ef-
fect. Up-regulation of CGRP, NGF, IL-1β, CCL3, CCL2, 
CXCL1, and Cx43 is perceived in chronic prostatitis. It 
mediates neurogenetic inflammation and peripheral 
and central sensitization. Notably, Cx43 could regulate 
the production and release of CXCL1 in the chronic 
prostatitis condition. 5-HT mediates CNS alteration, 
decreases its number, and contributes to depressive 
behavior and sexual dysfunction. The growing expres-
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sion of SERT in these regions further reduces 5-HT 
levels to aggravate these symptoms. Interestingly, IL-
1β balance is broken in chronic prostatitis, making the 
sympathetic nervous system sensitive and contributing 
to abnormal ejaculation in CP/CPPS.

NOCICEPTIVE CHANNELS

A series of nociceptive receptors or channels gener-
ate and develop pain conditions in chronic prostatitis 
in CP/CPPS. These include PAR2, TRPV1 channel, 
TrkA, ASIC1a, GM-CSFR, 5-HT1A, and 5-HT2C recep-
tors, P2X2, P2X3, and P2X4 receptors, CCR2, CXCR2, 
CXCR3 and CXCR4, TREK1, and TREK2 channels, and 
NMDAR.

1. PAR2
PAR is a subfamily of G protein-coupled receptors 

(GPCR) and is categorized into four types: proteinase-
activated receptors 1-4 (PAR1-4) [134]. PAR2 is activat-
ed by trypsin-like proteases that cleave its N-terminal 
structural domain and initiate changes in intracellular 
calcium uptake and MAPK/ERK pathways Its activa-
tion causes direct pain by stimulating the release of P 
substances and CGRP or by sensitizing TRPV1 recep-
tors in peripheral afferent nerves [134]. This activation 
mediates neurogenic inflammation and central trans-
mission of pain in peripheral tissues or indirectly by 
promoting the release of pro-nociceptive factors after 
its activation [134]. PAR2 also contributes to CP/CPPS.

Compared with controls, the expression of murine 
protease homolog MMCP-6 is increased in EAP, and 
PAR2 expression is increased fourfold in prostate 
stroma and epithelium. In addition, these phenomena 
result in increased pro-inflammatory gene expression, 
elevated intracellular Ca2+ levels in the DRG, and sus-
tained p-ERK1/2 expression. Interestingly, alleviating 
pelvic pain could be observed in the PAR2-knockout 
mice and after being administered with PAR2-neutral-
izing antibodies [135]. Therefore, PAR2 is important in 
developing pelvic pain in chronic prostatitis.

2. TRPV1 channel
TRP channels are a superfamily of non-selective 

cation-permeable channels that are divided into six 
subfamilies, of which vanilloid (TRPV) comprises four 
members, TRPV1-4. TRPV1 is widely involved in natu-
ral responses such as pain and itching. In response to 

various stimuli, such as toxic heat (>43°C), capsaicin, 
or acidic conditions, TRPV1 channels open to facilitate 
calcium entry to mediate sensory pain transmission 
and play an essential role in inflammatory hyper-
algesia. These channels decrease the inflammatory 
pain threshold and amplify the effect of pain [136,137]. 
TRPV1 channel also plays an essential part in the 
chronic pain of CP/CPPS.

TRPV1 expression is up-regulated in prostate tis-
sue, DRG, and spinal cord in EAP [44,47]. Alleviating 
pelvic pain can be perceived in the TRPV1-knockout 
mice and after being administered with TRPV1 an-
tagonists in prostatitis [48]. Moreover, plenty of TRPV1 
channels promote intracellular calcium overload, lead-
ing to disharmony contraction of smooth muscle and 
impairment secretion of the epithelial cell to produce 
CPPS. In addition, TRPV1 channels might take part 
in cross-sensitization between bladders and prostates. 
In chronic prostatitis, bladders are disposed to elevated 
expression of TRPV1, leading to dysfunction of blad-
ders, whereby the symptoms are similar to CP/CPPS 
[35,47,138]. Prostatitis might increase TRPV1 expres-
sions in L6-S1 DRG and innervate sensory nerves of 
pelvic organs, including bladders. This behavior results 
in afferent neurons hyperexcitability and NGF up-reg-
ulation of bladders. It encourages bladder abnormality 
and plays an important role in the pathogenesis of CP/
CPPS [60]. In general, TRPV1 channels are increased in 
the prostates, bladders, DRG, and spinal cords of pros-
tatitis. It results in afferent nervous pain sensitization 
to amplify the effect of pain and abnormal activity of 
bladders by cross-sensitization between bladders and 
prostates. It also contributes to the generation and de-
velopment of pelvic pain in chronic prostatitis.

3. TrkA
The Trk receptor family comprises three transmem-

brane receptors TrkA, TrkB, and TrkC. TrkA is a 
high-affinity catalytic receptor for NGF and has been 
proven to be a promising target for chronic pain devel-
opment [139]. The binding of NGF to TrkA activates 
intracellular signaling systems that transmit signals to 
the nucleus for transport to DRG cell bodies, thereby 
activating downstream signaling systems that mediate 
pain development. Meanwhile, NGF-TrkA-activated 
downstream signaling pathways could also reduce 
TRPV1 opening thresholds and up-regulate TRPV1 ex-
pression [45,140]. The effect of NGF-TrkA contributes 
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to nociceptive sensory neurons and inhibition of NGF-
TrkA interactions, effectively alleviating inflammation 
and chronic pain [141].

Similarly, NGF-TrkA mediates the development 
of chronic pelvic pain in CP/CPPS. Three days after 
intraprostatic capsaicin injection, Trk-A and TRPV1 
expressions were up-regulated in the L6 DRG and the 
spinal cord compared to controls [44,47]. Therefore, the 
effect of NGF-TrkA is effectively observed in CP/CPPS. 
NGF-TrkA promotes the generation and development 
of pain, up-regulates TRPV1, and encourages one of the 
pathogenesis of pelvic pain in chronic prostatitis.

4. ASIC1a
ASIC family consists of six isoforms (ASIC1a, 1b, 2a, 

2b, 3, and 4) encoded by four genes. ASIC1a, located 
in the peripheral and spinal cord neurons, is confor-
mationally altered and opens permeable channels to 
Na+ and Ca2+ after being activated by extracellular H+. 
This mechanism mediates pain behaviors associated 
with peripheral inflammation and is critical in regu-
lating pain sensitivity [142]. ASIC1a is significantly 
up-regulated in the CP model, and Ca2+ concentration 
and p-p38 expression are increased in the dorsal horn 
neurons of the spinal cord. Furthermore, p-p38 was the 
active form of p38/MAPK. ASIC1a antagonists could 
alleviate the phenomena mentioned above [65]. ASIC1a 
channels in spinal dorsal horn neurons of EAP mice 
are activated in an inflammatory environment. Their 
opening increases Ca2+ concentrations, activating the 
downstream p38/MAPK signaling pathway to mediate 
pain behaviors associated with peripheral inflamma-
tion. It also contributes to central sensitization in the 
pelvic pain hypersensitivity response. It is one of the 
pathogenesis of persistent pelvic pain in prostatitis pa-
tients.

5. GM-CSFR
GM-CSFR consists of two subunits: the specific A 

subunit and the nonspecific βC subunit, which are me-
diated by interaction with GM-CSF nociceptive sensi-
tization [143]. GM-CSFR could be expressed in prostate 
tissue and DRG. It interacts with GM-CSF, maintains 
chronic pelvic pain in the EAP with nociceptive sen-
sitization, and mediates the development of perpetual 
pelvic pain in chronic prostatitis [50].

6. 5-HT1A and 5-HT2C receptors
5-HT receptors are G protein-coupled in the central 

and peripheral nervous systems and can be divided 
into seven families (5-HT1–7) with 14 subtypes. 5-HT1A 
receptors up-regulation is involved in depression-like 
behavior in rats [144]. Similarly, overactivity of the 
5-HT2C receptors might lead to depression [145]. In ad-
dition, these two receptors have been associated with 
sexual dysfunction [146]. Interestingly, mice with 
overexpression of 5-HT1A receptors and reduced cen-
tral serotonin levels have a higher response to painful 
stimuli. It indicated that central 5-HT1A mediates cen-
tral sensitization and amplifies the nociception effect 
[144]. The expression of 5-HT1A and 5-HT2C receptors 
was significantly elevated in both hippocampal and 
spinal L5-S2 spinal segments in the EAP rats. These 
rats appeared to have depressive behavior and sexual 
dysfunction [18]. Therefore, the central 5-HT1A and 
5-HT2C receptor expressions are significantly elevated. 
They mediate depression, ejaculatory dysfunction, and 
central sensitization to nociception in EAP rats.

7. P2X2, P2X3, and P2X4 receptors
The P2X purinoceptors are a family of ATP-gated, 

non-selective, and cation channel-type receptors com-
prising seven subtypes (P2X1–P2X7). Three subunits 
form a receptor channel, and the ATP binding site 
is located among them. ATP binding causes the sub-
units to bend and separate to open the central chan-
nel, facilitating the influx of extracellular cations into 
the cell, thereby depolarizing the cell membrane [147]. 
P2X3R and P2X2R expressions in DRG-mediated no-
ciceptive hyperalgesia, mechanically-abnormal pain in 
peripheral tissue inflammation, and P2X4R expression 
in glial cells cause mechanically abnormal pain [148]. 
Interestingly, P2X2, P2X3, and P2X4 receptors are also 
associated with chronic pain in prostatitis. Compared 
with control, P2X4R expression in the spinal cord of 
EAP mice was increased approximately threefold [66]. 
In addition, P2X2R and P2X3R were significantly up-
regulated in the DRG of thoracolumbar (TL) and LS 
[91]. In general, prostatitis might promote elevated 
P2X3R and P2X2R in DRG and P2X4R expressions 
in glial cells, and ATP was perceived to be emission. 
Stimulating P2X2, P2X3, and P2X4 receptors by releas-
ing ATP facilitates the influx of extracellular cations 
into the cell and depolarizes the cell membrane. This 
mechanism contributes to peripheral and central sensi-
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tization to amplify the effect of nociception. It mediates 
the generation, development, and persistent pelvic pain 
in chronic prostatitis.

8. CCR2, CXCR2, CXCR3, and CXCR4
Chemokines are divided into four major subfamilies: 

CXC, CC, CX3C, and C. CXC and CC’s corresponding re-
ceptors are CC chemokine and CXC chemokine, and G 
protein-related receptors, which are divided into 11 sub-
types (CCR1–11) and six types (CXCR1–6), respectively. 
Additionally, CCR2, CXCR2, CXCR3, and CXCR4 are 
related to the occurrence and development of pain. 
CCR2 blockade reduces the excitability of sensory neu-
rons and the sensitivity of pain perception, preventing 
the release of SP from sensory nerves to the periphery. 
SP could induce neurological inflammation. Therefore, 
CCR2 is important in inducing peripheral inflamma-
tion and sensitizing injury [149]. CXCR2, CXCR3, and 
CXCR4 signaling pathways contribute to the develop-
ment and maintenance of pain through the central 
sensitization mechanism. Their inhibitors obstruct spi-
nal microglia activation, reduce pain sensitivity trans-
mission, and play a primary role in anti-abnormal pain 
[150].

CCR2, CXCR2, CXCR3, and CXCR4 also contribute 
to pelvic pain in chronic prostatitis. CCR2 is crucial to 
chronic pelvic pain development because EAP-induced 
pain was reportedly relieved in mice with anti- CCR2 
treatment [95]. In addition, the spinal cord CXCR2 
receptor is involved in developing chronic pain. The 
intrathecal injection of the CXCR2 antagonist signifi-
cantly reduces lower abdominal mechanical abnormal 
pain for more than 1 hour [67]. Furthermore, CXCR3 
and CXCR4 induce inflammatory cell infiltration in 
the prostate and mediate the development of pelvic 
pain of prostatitis. CXCR3 is highly expressed in hu-
man prostate tissues with inflammation. It is corre-
lated with the severity of inflammation, promoting the 
infiltration of macrophages and the secretion of pro-
inflammatory mediators by interacting with CXCL10. 
In addition, CXCR4 promotes T-cell infiltration in the 
prostate by CXCL12, which leads to the generation 
and development of chronic prostatitis. Pelvic pain in 
chronic prostatitis was alleviated after the administra-
tion of inhibitors of CXCR3 and CXCR4, indicating 
that these two receptors contributed to the genera-
tion and development of the pelvic chain in chronic 
prostatitis [151-153]. Therefore, CCR2, CXCR2, CXCR3, 

and CXCR4 are essential in generating and developing 
persistent pelvic pain in chronic prostatitis. In addition, 
CCR2 plays an important role in peripheral inflamma-
tion, and CXCR3 and CXCR4 induced inflammatory 
cell infiltration in the prostate, mediating the inflam-
matory process of chronic prostatitis.

9. TWIK-related K+ (TREK) 1/2 channel
Potassium channels are involved in cell polarization 

and depolarization. They are essential for controlling 
cell excitability and are divided into three families: 
voltage-gated (Kv), inwardly rectifying (Kir), and tan-
dem pore domain (K2P). The two-pore potassium (K2P) 
family consists of 15 members, including TREK chan-
nels. TREK channel comprises TREK1, TREK2, and 
TWIK-related arachidonic acid-sensitive K+ (TRAAK) 
channels. TREK1 and TREK2 channels contribute to 
the homeostasis of cells, but their inhibitions could 
cause depolarization [154]. Similarly, stimulation of 
TREK1 and TREK2 channels reduces the excitability 
of the sensory neurons, alleviating mechanical abnor-
mal pain and inflammation by stabilizing the situa-
tion of cells [155]. Up-regulation of TREK-1 and TREK-
2 channels is observed in the DRG of TL and LS in 
the chronic prostatitis models [91]. Increasing TREK1 
and TREK2 channels compared to other substances 
promotes cell polarization. If this fails, the nerve cells 
appear excited and sensitized to pain, mediating the 
generation and development of pelvic pain in chronic 
prostatitis.

10. NMDAR
Up-regulation of NMDAR enhances synaptic efficacy 

in the CNS and leads to Ca2+ influx, activation, initia-
tion, and maintenance of intracellular signaling path-
ways for central sensitization [6]. NMDAR mediates 
central sensitization in chronic prostatitis. NMDAR ex-
pression is increased in the cerebral PVN of EAP rats. 
Paraventricular nuclei are control centers of sympa-
thetic nerves of the spinal cords. Up-regulation of NM-
DAR contributes to the activation and sensitization of 
sympathetic nerves innervating ejaculation. Therefore, 
its dysfunction appears in chronic prostatitis, and its 
symptoms are similar to CP/CPPS symptoms [31,32].

Generally, a growing level of nociceptive channels 
or receptors participates in neurogenic inflammation, 
peripheral and central sensitizations, and sympathetic 
nervous alteration in chronic prostatitis. The expres-
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sions of CCR2, CXCR3, CXCR4, PAR2, NGF-TrkA, and 
ASIC1a channels increase in chronic prostatitis. They 
mediate the generation and development of neurogenic 
or peripheral inflammation. In addition to the chan-
nels, CXCR2, TRPV1 channels, GM-CSFR, NMDAR, 
5-HT1A, and 5-HT2C receptors, P2X2, P2X3, and P2X4 
contribute to peripheral or central sensitization to de-
crease the pain threshold and produce abnormal pain. 
The changes in the CNS are related to the generation 
and development of pain and affect depression and ar-
tery dysfunction by up-regulating 5-HT1A and 5-HT2C 
receptors expression. In addition, the sympathetic ner-
vous system also changes. NMDAR affects the sym-
pathetic nervous system, changing men’s sexual func-
tions. Although TREK1 and TREK2 channels contrast 
with the above channels or receptors that promote cell 
polarization, they stabilize the cellular membrane and 
decrease cellular excitability, reducing pain signals’ 
transmission through neural pathways.

CONCLUSION AND PROSPECT

This review focused on the close relationship be-
tween the autonomic nervous system and CP/CPPS. 
Chronic pelvic pain in CP/CPPS exists in the pelvic 
and perineal regions and other areas. It is often pres-
ent with urinary abnormalities, erectile dysfunction, 
cognitive impairment, and mental status abnormalities, 
indicating that anomalies of the autonomic nervous 
system likely mediate the onset and development of 
pelvic pain in chronic prostatitis. Sensory nerve secre-
tion of neuropeptides-mediated neuro-inflammation is 
involved in developing prostatitis and its sensitization. 
These decrease the pain thresholds and increase the 
transmission of nociceptive signals in afferent path-
ways. Sympathetic and parasympathetic nerves play 
an essential role in the generation and development 
of CP/CPPS. Their abnormalities lead to normally or 
abnormally exciting functions of the cardiovascular 
system, sexual organs, and bladder. Sympathetic de-
nervation also contributes to prostrate inflammation. 
Central system sensitization could lead to widespread 
pain, reduced nociceptive thresholds, and persistent ab-
normal nociception in prostatitis.

Moreover, prostatitis affects the centers that domi-
nate the sympathetic and parasympathetic nerves, 
making the other organs be observed as abnormalities. 
Additionally, chronic prostatitis influences brain struc-

tures and functions, resulting in the appearance of de-
pressive behavior and perceptual disturbances. During 
these processes, several substances, such as neuropep-
tides and cells, and associated channels or receptors are 
involved.

Primary bladder pain syndrome is also characterized 
by overactivation of sensory nerves and increased neu-
ronal plasticity, resulting in the classic pain symptoms 
seen in this pathology. Antibiotics do not effectively 
relieve these pain symptoms, but which can be success-
fully relieved by turning off neurogenic inflammation 
and preventing uncontrolled mast cell activation [156]. 
Therefore, we can use the autonomic nervous system 
as the entry point to create effective drugs for CP/
CPPS.

However, more research needs to be done to study 
the relationship between the autonomic nervous sys-
tem and the prostate and address the problem of recur-
rent and incomplete treatment of CP/CPPS to relieve 
patients’ physical and mental suffering.

Nerve pain has been studied in the context of neu-
rological disorders than prostatitis. More investigation 
needs to be conducted on the autonomic nervous sys-
tem, neuropeptides, and channels in CP/CPPS by re-
viewing the studies on neurogenic pain, inflammation, 
and prostatitis. Therefore, in this review, specific com-
plex processes and mechanisms of the autonomic ner-
vous system in developing CP/CPPS were collated and 
described. Furthermore, the neural-related substances 
and channels or receptors involved in this process were 
described, providing new perspectives for new thera-
peutic approaches to CP/CPPS.
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