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Abstract
Chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS), characterized by chronic pain in the perineum or lower abdo-
men regions, is a frequent disorder in men. Previous studies demonstrated that the immune mediators, including interleukin 
(IL)-1β, IL-6, interferon-γ, tumor necrosis factor-α, and immunoglobulins, are elevated in the expressed prostate secretions 
and seminal fluid of CP/CPPS men. The memory T, T helper 1 (Th1), Th17, and Th22 cells increase in the peripheral blood 
of CP/CPPS men. Additionally, prostate antigens specific-autoreactive T cells are identified in CP/CPPS patients. After 
generally reviewing and comparing the inflammatory responses in autoimmune diseases and CP/CPPS, we presumed that 
CP/CPPS is more likely to be defined as an autoimmune disease. Thus, a better understanding of autoimmune diseases 
would contribute to a deeper understanding of the CP/CPPS and provide new inspirations for the treatment of this disease.
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Introduction

Chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS) 
is a highly prevalent urological disorder with unclear etiol-
ogy, with a prevalence ranging 8.4–25% (Habermacher et al. 
2006; Zhang et al. 2019). Patients suffering CP/CPPS com-
monly complain about pain around the perineum, rectum, 
penis, testicles, and lower abdomen, leading to a decrease in 
patients’ quality of life (QoL) (Zhang et al. 2020a). Although 

the consensus of the National Institutes of Health (NIH) 
defines the CP/CPPS as category III prostatitis without the 
evidence of urinary tract infection (Krieger et al. 1999), 
infection is still considered a causal factor that drives its 
pathogenesis (Hou et al. 2012; Murphy et al. 2019). Path-
ogens including uropathogens and chlamydia have been 
detected in the prostate secretions of CP/CPPS men (Abde-
latif et al. 1991; Nickel et al. 2003a). Murphy et al. (2014) 
revealed the association between bacteria and CP/CPPS. 
They concluded that bacterial infection might play crucial 
roles in triggering the autoimmune activation, forming the 
prostatic inflammatory response, and driving CP/CPPS.

Autoimmune diseases will occur when the immune toler-
ance is disrupted. Subsequently, the immune system mistak-
enly attacks self-antigens, eliciting excessive activation of 
autoimmunity and causing organ and tissue lesions (Xiao 
et al. 2021). The autoimmune diseases, such as autoimmune 
thyroid disease, type 1 diabetes, systemic lupus erythema-
tosus, and rheumatoid arthritis, have been systematically 
investigated. Genetic predisposition and environmental 
factors, such as infection, ultraviolet light, mental factors, 
smoking, and food ingredients, are identified as triggering 
factors to activate autoreactive T and B lymphocytes, result-
ing in tissue damage through autoantibodies and autoreac-
tive cytotoxic T lymphocytes (Wang et al. 2015).
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In the past 2 decades, researchers proposed that infection, 
autoimmunity, defective urothelial integrity and function, 
and psychosocial status were the potential etiologies of CP/
CPPS (Breser et al. 2017), and autoimmune etiology had 
been verified with an essential role in the pathogenesis of 
CP/CPPS (Lu et al. 2018). The experimental autoimmune 
prostatitis (EAP) model, which was established by autoim-
munization of prostate antigens (PAgs), could simulate the 
autoimmune responses of CP/CPPS and had been widely 
used to investigate the immune alterations underlying CP/
CPPS for more than 20  years (Donadio and Depiante-
Depaoli 1997; Keetch et al. 1994). Several autoantigens have 
been identified to demonstrate the autoimmunity underly-
ing CP/CPPS (Hou et al. 2009; Ponniah et al. 2000), and 
PAgs-specific lymphocytes were found in CP/CPPS patients 
(Motrich et al. 2005, 2020). Hence, exploring and unveiling 
the autoimmune responses in CP/CPPS could enlighten the 
diagnosis and treatment of CP/CPPS and improve patients’ 
QoL.

In this paper, the etiology of autoimmune diseases was 
reviewed, and the similarities between autoimmune diseases 
and CP/CPPS were compared. Our findings might offer 
inspiration for the understanding of CP/CPPS and the treat-
ment options for the patients.

Role of Pathogens in the Occurrence of CP/
CPPS

Pathogens are considered a triggering factor of CP/CPPS, 
though there is insufficient evidence to confirm the asso-
ciation between infection and CP/CPPS. Bacterial spe-
cies, including Helicobacter pylori (Karatas et al. 2010), 
Chlamydia trachomatis (Park et al. 2015), Mycoplasma and 
Ureaplasma urealyticum (Papeš et al. 2017), Escherichia 
coli (E. coli) (Rudick et al. 2011), Burkholderia cenocepa-
cia (Nickel et al. 2015), nanobacteria (Zheng et al. 2014), 
and other Gram-positive species (Murphy et al. 2019), are 
identified to be associated with CP/CPPS. Antibiotics can 
reduce prostatitis-like symptoms mirrored by a decrease in 
NIH-Chronic Prostatitis Symptom Index (NIH-CPSI) score 
(Franco et al. 2019). Furthermore, a bacterial DNA-encod-
ing DNA sequence study revealed that the positive rate of 
bacteria in the prostate specimens from men with CP/CPPS 
is higher than that from men without prostatitis (Krieger 
et al. 2000). Rudick et al. (2011) isolated the CP1 strain 
of uropathogenic E. coli from CP/CPPS patients and then 
introduced it into mice, with the purpose of inducing the CP/
CPPS model. However, chronic pelvic pain still existed in 
non-obese diabetic (NOD) mice even when this bacterium 
was cleared from the genitourinary tract. Meanwhile, this 
phenomenon could not be reproduced in C57BL/6 mice. 
Thus, infection is the initiation stimulus of CP/CPPS, and 

genetic susceptibility could be another factor. Similarly, 
Murphy et al. (2019) reported that Gram-positive bacteria 
accounted for the largest proportion in expressed prostatic 
secretion (EPS) flora of CP/CPPS men, and the three iso-
lated strains from EPS, including Enterococcus faecalis, 
Staphylococcus haemolyticus, and epidermidis, could induce 
prostatitis-like symptoms in NOD mice rather than C57BL/6 
mice. In clinical trials, CP/CPPS patients’ responses to anti-
biotic treatment remain unsatisfactory (Magistro et al. 2016; 
Nickel et al. 2003b), though evidence suggests that bacteria 
promote the immune response in CP/CPPS. Therefore, treat-
ments with a focus on reducing bacteria-induced inflamma-
tion would more warrant the relief of patients’ symptoms.

Immunological Mechanisms Underlying CP/
CPPS

Immunological Basis of CP/CPPS

The levels of cytokines and immune cells in the EPS, 
seminal plasma, urine, blood have been detected to reveal 
the immunological alterations in CP/CPPS. The levels of 
interleukin (IL)-1β, tumor necrosis factor (TNF)-α, immu-
noglobulin (Ig)A, and IgG to PAgs were elevated in the 
EPS, and the macrophages and T and B lymphocytes were 
observed in the urine and EPS of CP/CPPS men (Motrich 
et al. 2020; Nadler et al. 2000; Nickel et al. 2003a; Shortliffe 
and Wehner 1986). Hubert John and coworkers discovered 
that serum IL-6 and complement 3c (C3c) and C4 increased 
with the development of CP/CPPS, and ejaculate IL-6, IgA, 
and IgG levels in patients with CP/CPPS were higher than 
those in the healthy control group, and the seminal IL-6 
levels decreased after antibiotic therapy (John et al. 2001, 
2003; Stancik et al. 2008). They also revealed a phenom-
enon that T lymphocytes were mainly located within acini. 
In contrast, B lymphocytes were evenly distributed in the 
prostate stroma and gland, reflecting that increased cytokine 
and immunoglobulin levels might be secreted by activated 
T and B lymphocytes. They proposed that CP/CPPS was an 
autoimmune disease caused by autoimmune components. 
Additionally, IL-1β, TNF-α and IgA, IgM, C3, and fibrino-
gen were observed to deposit in the prostate of men with 
chronic prostatitis (Ablin et al. 1971; Doble et al. 1990; Xie 
et al. 2010). To further confirm these findings above, we 
analyzed these immune mediators in the prostate specimens 
of CP/CPPS patients. Immunofluorescence staining dem-
onstrated that CD4 and interferon (IFN)-γ were deposited 
in the epithelial cells of the prostate gland in patients with 
benign prostate hyperplasia and suffering CP/CPPS (Supple-
mental Fig. 1A–B). This result was consistent with a previ-
ous study that a higher level of the IFN-γ was observed in 
seminal plasma of individuals with CP/CPPS than healthy 
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individuals (Miller et al. 2002). Besides, C3, collagen-I, 
collagen-III, IgA, IgM, IL-1β, and TNF-α were found depos-
ited in the prostate of this CP/CPPS patient (Supplemental 
Fig. 1C). Hence, autoimmunity-driven prostatic inflamma-
tion possibly served as a vital factor in the pathogenesis of 
CP/CPPS.

Identification of Self‑Antigens in Patients with CP/
CPPS and EAP Models

Based on the autoimmune responses in CP/CPPS, research-
ers identified the autoantigens in the pathogenesis of CP/
CPPS. For example, Hou et al. (2009) revealed that semi-
nal vesicle secretory protein 2 and semenogelin were the 
aberrantly prostate-specific autoantigens in the autoimmune 
prostatitis model, and men with chronic prostatitis and 
autoantibodies were also identified in the serum. Besides, 
other autoantigens (including prostate and male accessory 
gland extracts, prostatic steroid-binding protein, prostatic 
spermine-binding protein (p25), prostatic acid phosphatase 
(PAP), and T2 peptide) have been demonstrated in animal 
models (Liu et al. 2021a). Prostate-specific antigen (PSA), 
PAP, MAD-PRO-34, and NY-CO-7 have also been observed 
in patients (Dunphy et al. 2004; Kouiavskaia et al. 2009; 
Motrich et al. 2005; Ponniah et al. 2000). The PAgs-specific 
autoreactive T cells and PAgs-specific IgG were found in 
CP/CPPS patients’ blood (Dunphy et al. 2004; Kouiavskaia 
et al. 2009; Motrich et al. 2005; Pansadoro et al. 1996; Pon-
niah et al. 2000). Therefore, the loss of immune tolerance to 
PAgs elicited autoimmune responses leading to CP/CPPS.

Role of T Lymphocytes and Their Secreted 
Inflammatory Mediators in CP/CPPS

The critical roles of  CD4+T cells in the initiation and devel-
opment of CP/CPPS have been demonstrated by an increas-
ing body of evidence (Alexander et al. 1997; Breser et al. 
2017). In response to bacterial invasion, the  CD4+T cells 
were activated and then differentiated into Th1, Th2, and 
Th17 subpopulations (Murphy et al. 2014), and the Th1 and 
Th17 cells promoted the progression of CP/CPPS (Breser 
et al. 2017).

The analysis of the immune profiling in the prostate of 
mice inoculated with bacteria isolated from patients with 
CP/CPPS suggested that  CD3+CD8+,  CD3+CD4+, and 
IFN-γ-secreting  CD4+ lymphocytes were infiltrated in the 
prostate, and total T cells,  CD3+CD8+, and  CD3+CD4+ lym-
phocytes increased in the lymph nodes draining the prostate 
(Murphy et al. 2019). Additionally, the elevated PSA was 
identified as a self-antigen recognized by IFN-γ-secreting 
 CD4+T cells in CP/CPPS men (Motrich et al. 2005; Pansa-
doro et al. 1996; Ponniah et al. 2000), and the proportion of 
autoreactive  CD4+T cells increased in patients’ peripheral 

blood (Kouiavskaia et al. 2009). The genital tract inflam-
mation and the reduced semen quality were correlated with 
PAgs-reactive Th1 and Th17 cells (Motrich et al. 2020). 
The regulatory T cells (Treg) were involved in maintain-
ing immune tolerance, and the transcription factor of Foxp3 
was a dominant characteristic of Treg cells (Murphy et al. 
2014; Yang et al. 2015). The loss function of Treg cells was 
associated with the autoimmunity in CP/CPPS (Breser et al. 
2016). Our previous studies indicated that the suppressive 
function of Treg cells was impaired with increased aber-
rant methylation of Foxp3 promoter, resulting in autoim-
mune responses and prostate tissue injury in EAP (Chen 
et al. 2019). Besides, the proportion of functional Treg cells 
decreased in EAP models, contributing to the development 
of CP/CPPS, while autophagy could restore its suppressive 
function (Liu et al. 2021b). We also investigated the pro-
portion of T cell subpopulations in CP/CPPS men through 
the single-cell multi-omics analysis. The results suggested 
that memory T, Th1, Th17, and Th22 cells increased in the 
periphery of CP/CPPS men compared to the healthy control 
group (Zhang et al. 2020b). Based on the driver role of Th17 
cells in CP/CPPS, we discovered that excessive activation 
of Th17 cells aggravated prostatitis-like symptoms, which 
was modulated by the  Ca2+-mediated CaMK4/Akt/mTOR-
IL-17A signaling (Zhan et al. 2020). To sum up, aberration 
differentiation of lymphocytes, such as Th1, Treg, and Th17, 
in both the blood circulation system and local prostate might 
facilitate and intensify the CP/CPPS.

Therefore, the inflammatory signals can induce the dif-
ferentiation of  CD4+T cells into T cell subsets. The immune 
tolerance was disrupted by the decrease in the number of 
Treg cells and the impaired function of Treg cells, mak-
ing it unable to suppress the Th1- and Th17-driven immune 
responses in CP/CPPS (Fig. 1). The excessively activated 
autoreactive T and B cells promoted the autoimmune 
responses, causing prostatic inflammation and prostate 
injury.

Similarities Between Autoimmune Diseases 
and CP/CPPS in Immune Aberrations

In autoimmune diseases, gene-environment interactions 
disrupt the immune homeostasis, and naïve T cells are 
differentiated into pathogenic effector T cell subpopula-
tions, including Th1, Th2, Th17, and follicular Th (Tfh) 
cells (Awasthi and Kumar 2019; Kuchroo et al. 2012). The 
declined frequency and function of Treg cells fail to coun-
ter Th1, Th2, and Th17-driven inflammatory responses, 
leading to the imbalance of Th1/Th2 and Th17/Treg in 
autoimmune diseases (Awasthi and Kumar 2019; Hill et al. 
2007). As indicated above, the declined frequency and 
function of Tregs and increased frequency and function of 
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Th1, Th2, and Th17 were well characterized in CP/CPPS 
cases (Chen et al. 2019; Murphy et al. 2014; Quick et al. 
2013; Zhan et al. 2020). The IFN-γ-secreting Th1 cells 
and IL-17-secreting Th17 cells are related to the develop-
ment of autoimmune diseases (Bettelli et al. 2004; Haase 
and Linker 2021; Vyas et al. 2019; Yasuda et al. 2019). 
In the humoral response, excessive activation of Tfh cells 
induces autoreactive B cells to produce autoantibodies, 
which recruits specific immune cells to target organs and 

causes tissue injury and clinical symptoms (Kuchroo et al. 
2012; Ma et al. 2017). Moreover, “Th1-like” cells (also 
called Th17/Th1 cells) are differentiated from Th17 cells 
and can secrete both IL-17 and IFN-γ (Basdeo et al. 2017). 
The “Th1-like” cells are more pathogenic and could induce 
drug resistance to glucocorticoids in autoimmune disease 
(Ramesh et al. 2014). Therefore, the immune network 
plays a critical role in the pathogenesis of autoimmune 
disease and might serve as central therapeutic targets.

Fig. 1  Overview of the autoimmune responses in CP/CPPS. Putative 
autoimmune processes in the pathogenesis of CP/CPPS. A Triggering 
factors, including the invasion of pathogens, activated the immune 
system (Hou et  al. 2012; Murphy et  al. 2019); subsequently, T and 
B lymphocytes were stimulated by antigen process cells. B Activated 
 CD4+T cells aberrantly differentiated into subpopulations as Th1, 
Th17, and Treg cells (Murphy et  al. 2014). The immune tolerance 
was disrupted by the decrease in the number of Treg cells and the 
impaired function of Treg cells, making it unable to suppress the Th1 
and Th17-driven immune responses in CP/CPPS (Chen et  al. 2019; 

Liu et al. 2021b; Zhan et al. 2020; Zhang et al. 2020b). C Humoral 
immunity played vital roles in the processes of immune responses. 
Invasion of pathogens disrupted the balance of the body’s immune 
system, and abnormal B cells produced autoantibodies against self-
antigens released into the blood (Ablin et  al. 1971; Doble et  al. 
1990; Motrich et al. 2020). D The excessively activated autoimmune 
responses elicited prostatic inflammation and chronic pain (Motrich 
et  al. 2020). CP/CPPS chronic prostatitis/chronic pelvic pain syn-
drome, IFN-γ interferon-γ, IL-1β interleukin-1β, PAgs prostate anti-
gens, SMC smooth muscle cell, TNF-α tumor necrosis factor-α
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As illustrated by comprehensively reviewing the related 
literature, the immune responses in CP/CPPS and autoim-
mune disease share many similarities, which are summa-
rized as follows. (1) CP/CPPS and autoimmune diseases 
are initiated by multifactorial etiologies, such as infection 
and mental status. (2) Autoimmune responses played criti-
cal roles in the pathogenesis of CP/CPPS and autoimmune 
disease. Moreover, the loss tolerance function of Treg cells 
and the aberrant activation of autoreactive T and B cells 
elicit the inflammatory responses, leading to tissue injury. 
(3) Th1- and Th17-driven autoimmunity have dominant 
roles in the autoimmune processes of these two conditions. 
(4) Therapeutic strategies aiming at relieving the inflamma-
tion infiltration are promising in the treatment of CP/CPPS 
and autoimmune diseases.

Inspiration from Autoimmune Disease 
in Treating CP/CPPS

CP/CPPS is a complex disease characterized by a multi-
hit etiology. Pathogen infection and the loss of immune 
tolerance might cause autoimmune inflammatory damage 
to the prostate, leading to chronic pelvic pain. Therefore, 
the autoimmune processes might provide potential thera-
peutic targets for CP/CPPS patients. The current treatment 
approaches (such as α-blockers, 5-α reductase inhibitors, 
antibiotics, anti-inflammatories, phytotherapy, botulinum 
toxin A, allopurinol, and traditional Chinese medicine) have 
been widely investigated while CP/CPPS patients’ responses 
to these treatment approaches remain unsatisfactory (Franco 
et al. 2019).

Targeting Aberrant Autoimmunity

The therapies targeting autoimmunity have been widely 
investigated in the treatment of autoimmune diseases. Ini-
tially, Treg cells present potentially therapeutic effects on 
autoimmune diseases. Treg cells have two subsets: natu-
ral Treg (nTreg) and induced (iTreg) cells. Among them, 
nTreg cells originate from the thymus, while iTreg cells are 
derived from conventional  CD4+T cells in the periphery 
(Ruszkowski et al. 2019). Since autoimmune diseases are 
partly attributed to the loss of tolerance function of Treg 
cells, adoptive transfer of Treg cells into the animal models 
or augmentation Treg function of animal models to restore 
immune tolerance seems promising in the treatment of auto-
immune diseases (Esensten et al. 2018; Geem et al. 2015; 
Haribhai et  al. 2016; Kumar et  al. 2019). Furthermore, 
disease-modifying antirheumatic drugs (including metho-
trexate, sulphasalazine, leflunomide, gold salts, and hydrox-
ychloroquine), corticosteroids, cytotoxic-immunosuppres-
sants (cyclophosphamide, azathioprine, mycophenolate, 

and calcineurin inhibitors), nonsteroidal anti-inflammatory 
drugs, biologics, and small molecules (rituximab, beli-
mumab) are widely employed in the treatment of autoim-
mune diseases to regulate the excessively activated autoim-
mune responses and relieve the autoimmune diseases (Fava 
and Petri 2019; Sparks 2019). Particularly, biotherapeutics 
targeting IL-1, TNF-α, IL-6, IL-23, IL-17, IL-4/13, IL-5, 
and CD20 have advanced substantially in recent years, and 
patients with immunologic and inflammatory diseases could 
benefit from these agents (Ghilardi et al. 2020).

Given the autoimmunity of CP/CPPS, we may acquire 
some inspiration from the treatment of autoimmune dis-
eases. Several treatment agents for CP/CPPS could inhibit 
immune responses. For example, Quercetin and acupuncture 
have been demonstrated to exert anti-inflammatory activities 
and decrease the levels of cytokines such as IL-1β, IL-8, 
IL-10, and TNF-α in CP/CPPS men or animal models (Meng 
et al. 2018; Wazir et al. 2019). The monoclonal antibod-
ies (mAbs) against nerve growth factor (NGF) and TNF-α 
are adopted to manage neurogenic inflammation and relieve 
the pain (Wazir et al. 2019). A randomized clinical trial 
suggested that tanezumab, a mAb of NGF, could improve 
the pain symptoms of patients with CP/CPPS (Nickel et al. 
2012; Yeh et al. 2017). Quinolones, a kind of antibiotic often 
used to treat CP/CPPS, were discovered to promote IL-2 
and colony-stimulating factor while inhibiting IL-1 and 
TNF-α synthesis (Dalhoff and Shalit 2003). Additionally, 
quinolones could modulate the immune responses by target-
ing the downstream effectors, including cyclic adenosine-
3′,5′-monophosphate, phosphodiesterases, activator protein 
1, nuclear factor (NF)-κB, NF/IL-6, and nuclear factor of 
activated T cells (Dalhoff and Shalit 2003). Hence, other 
than removing bacteria, some antibiotics can regulate the 
inflammatory responses. This could partly explain the effects 
of antibiotics on the treatment of CP/CPPS men without 
evidence of infection.

Application of Corticosteroids

In vertebrates, corticosteroids are secreted from the adre-
nal cortex, with anti-inflammatory and immunosuppressive 
effects (Stern et al. 2017). In CP/CPPS, corticosteroid ther-
apy may significantly affect some patients by suppressing the 
autoimmune processes (Tomaskovic et al. 2009). Bates and 
Talbot (2000) applied short-course oral corticosteroids to 
four CP/CPPS men, and 75% of patients benefit from steroid 
therapy. Moreover, the rectal prednisolone administration for 
CP/CPPS concomitant with ulcerative colitis could relieve 
the pain (Talbot and Bates 2001). Therefore, it is necessary 
to conduct randomized clinical trials (RCTs) of corticoster-
oids in men with CP/CPPS (Magistro et al. 2016; Strauss 
and Dimitrakov 2010). Bates et al. (2007) performed the 
RCT involving 18 patients to investigate the effect of oral 
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corticosteroid on CP/CPPS, revealing that prostatitis-like 
symptoms were not improved after corticosteroid therapy, 
while the symptom of depression was improved. In another 
RCT involving 160 patients, prednisone and levofloxacin 
were simultaneously administered to patients with chronic 
nonbacterial prostatitis. The results demonstrated that QoL, 
pain symptoms, and voiding dysfunction were improved 
after the treatment leucocytes count was reduced in the EPS 
(Yang et al. 2009). The discrepancy between these two RCTs 
may result from the limited number of participants enrolled 
in the RCTs.

Genetic Analysis in Guiding Clinical Treatment

Additionally, genetic risk factors may have an essential role 
in affecting the therapeutic efficacy of CP/CPPS. Shoskes 
et al. (2002) determined that CP/CPPS men with low TNF-α 
and high IL-10 phenotypes tend to exert treatment failure 
regarding anti-inflammatory phytotherapy. Researchers 
proposed that genotype and phenotype could be applied to 
stratify CP/CPPS, so as to maximize the treatment effects 
(Dimitrakov and Guthrie 2009). To sum up, the identifica-
tion of new therapeutic targets that intervene in the autoim-
mune responses in CP/CPPS might be effective in alleviating 
the disease.

Conclusions

In conclusion, the impaired function of Treg cells causes the 
aberrant differentiation of T cells, and the Th1/Th17-driven 
autoimmunity induces and aggravates prostatic inflammation 
and injury, leading to chronic pelvic pain. Given the crucial 
roles of autoimmunity in the initiation and progression of 
CP/CPPS, therapeutic strategies targeting the autoimmune 
responses are promising.
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