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Chronic prostatitis is a prevalent urological condition that significantly impacts patients’ quality of life. Advances in the study of Extracellular Vesicles (EV) have revealed their close involvement in the pathogenesis of prostatitis. This paper reviews the progress in understanding the role of EV in the pathogenesis of chronic prostatitis type IIIA, particularly their involvement in inflammatory responses, cell signaling, and interactions with immune cells. Additionally, it explores the potential applications of EV as drug delivery vehicles, including the targeted delivery of anti-inflammatory agents and immunomodulators, and highlights the challenges associated with developing exosome-based therapeutic strategies. In-depth research on EV holds promise for offering new insights into the diagnosis and treatment of inflammatory diseases.
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1 Introduction

The pathogenesis of chronic prostatitis is complex and involves various cellular and molecular pathways (1, 2). According to the classification by the National Institutes of Health (NIH), Type IIIA chronic prostatitis is relatively common among chronic prostatitis cases. Currently it is believed that abnormalities in immune responses, infectious factors, neuroendocrine dysregulation, and oxidative stress may all contribute to the development and progression of this disease. In recent years, with the research on extracellular vesicles, their role as an important medium of intercellular communication in chronic prostatitis is often mentioned. Extracellular Vesicles (EV) are small vesicles encased by the cell membrane, containing bioactive molecules such as proteins, lipids, mRNA, and miRNA. They can transmit information between cells and regulate the functions of target cells (3–5). During the pathological process of prostatitis, EV may play a crucial role by mediating the activation of inflammatory cells, promoting the release of inflammatory factors, and modulating interactions among immune cells. This review will summarize recent advances in exosome research related to type IIIA chronic prostatitis, explore their role in disease mechanisms, and discuss their potential as therapeutic targets.

In the investigation of the pathogenesis of chronic prostatitis type IIIA, it is essential to address the role of EV, a critical biomolecule. EV are small vesicles secreted by cells, characterized by a unique lipid bilayer structure and containing a rich array of biomolecules such as proteins, RNA (6), and DNA (7). These molecules endow EV with a crucial role in intercellular communication. Exosomes facilitate intercellular communication and signal transduction by carrying and transferring genetic information and proteins (8, 9).

EV exhibit biological characteristics that confer high stability, biocompatibility, and specific surface markers, such as CD63 and CD81 (8, 10). These features suggest that EV hold significant potential for applications in the biomedical field (11). They may play a crucial role in the pathogenesis of chronic prostatitis type IIIA (12, 13). As mediators of intercellular communication, EV might be involved in the inflammatory response and pathological processes associated with chronic prostatitis type IIIA (14). By transmitting inflammatory signals and modulating immune responses, EV could potentially promote disease progression and exacerbation.

Therefore, we can consider utilizing the molecular information carried by exosomes to aid in the diagnosis and treatment of Type IIIA chronic prostatitis (15, 16). By detecting exosome biomarkers in prostate secretions, early diagnosis of type IIIA chronic prostatitis can be achieved, and targeted therapies can be developed (17). Furthermore, studying the role of EV in the pathogenesis of type IIIA chronic prostatitis contributes to a deeper understanding of the disease and offers new insights and methods for its diagnosis (18), treatment (19), and prevention (20).

To further investigate the role of EV in type IIIA chronic prostatitis, various experimental methods and techniques can be employed (2). For instance, molecular biology techniques can be used to isolate and purify EV, followed by the analysis of the molecular information they carry (21). Additionally, animal models and cell experiments can simulate the pathogenesis of type IIIA chronic prostatitis and allow for the observation of exosome effects (22).

In summary, Type IIIA chronic prostatitis is a prevalent urogenital disorder characterized by a complex and heterogeneous etiology. EV as pivotal mediators of intercellular communication, are likely to play a significant role in the pathogenesis of this condition. Research into the function of EVs in Type IIIA chronic prostatitis may yield novel insights and therapeutic strategies, potentially enhancing diagnostic accuracy, treatment efficacy, and preventative measures, thereby improving patient outcomes and quality of life.




2 Relationship between extracellular vesicles and type IIIA chronic prostatitis

EV, as nanoscale vesicles, are crucial mediators of intercellular communication and material transport (1). Recent advancements in exosome research have increasingly highlighted their significant role in prostate tissue. This paper will provide a detailed examination of the sources and distribution of EV within prostate tissue, as well as their interactions with prostate cells. Furthermore, it will explore the potential role of EV in the development and progression of prostatitis.



2.1 Origin and distribution of extracellular vesicles

The presence of EV in prostate tissue is both extensive and intricate, playing a crucial role in the exchange of information and transport of substances between prostate cells (23). These minute vesicular structures are not only found in prostate epithelial cells but are also widely distributed among various cell types, such as stromal cells and infiltrating inflammatory cells (24). Under physiological and pathological conditions, these cells release EV into bodily fluids, including prostatic secretions, through a series of complex and subtle mechanisms, participating in various physiological and pathological processes within the prostate tissue (25, 26). Prostatic epithelial cells are among the most critical cell types within prostatic tissue, playing an essential role in the male reproductive and urinary systems through the secretion of prostatic fluid (27). Ion and release of EV by these epithelial cells is a continuous and dynamic process. The biogenesis and secretion of EV in epithelial cells represent a continuous and dynamic process. These vesicles, rich in bioactive substances, play a pivotal role in intercellular communication, modulation of gene expression, and immune responses (8, 10, 28).

In addition to epithelial cells, stromal cells in prostate tissue are also significant sources of EV. These mesenchymal cells primarily include smooth muscle cells and fibroblasts, which play a crucial role in providing structural support and regulating function within prostate tissue (11). The EV released by these cells may participate in processes such as angiogenesis, inflammatory responses, and cell proliferation within the prostate. Furthermore, infiltrating inflammatory cells in prostate tissue are also key contributors to exosome release (13). Under pathological conditions like inflammation, these inflammatory cells release a substantial amount of EV containing numerous inflammatory mediators and signaling molecules (12). These EV can impact the microenvironment of the prostate, thereby affecting its function and structure.

EV are ubiquitously present in bodily fluids, including those found in prostatic fluid. These exosomes not only engage in signal transduction, material transport within prostatic cells (14), and various physiological and pathological processes (29). Therefore, a thorough investigation into the origins, release mechanisms, and functional roles of exosomes within prostatic tissue is essential. Such in-depth research on these vesicles can enhance our understanding of the structure and function of prostatic tissue, and offer new perspectives and methodologies for the diagnosis and treatment of prostatic diseases. Additionally, it is of significant importance for elucidating the pathogenesis of prostatic diseases and for the development of novel therapeutic strategies.




2.2 Interaction between extracellular vesicles and prostate cells

EV as one of the complex and subtle intercellular communication mechanisms in biological systems, play an indispensable role by binding closely to receptors on the surface of prostate cells (30). This unique communication mechanism not only facilitates signal transmission between cells but also promotes material exchange, thereby providing a solid foundation for maintaining the internal environment of the organism.

In intercellular signaling, EV function as messengers (31). They transport a variety of bioactive molecules, such as proteins, nucleic acids, and lipids, which have a strong ability to regulate cellular functions (32). Upon binding to receptors on prostate cell surfaces, these active molecules can be released and directly influence the physiological functions of prostate cells (33). For instance, certain protein molecules can modulate the proliferation, differentiation, and apoptosis of prostate cells, while nucleic acids may participate in gene expression regulation, thereby affecting the metabolic activity of prostate cells (34, 35). Conversely, prostate cells can internalize EV through endocytosis, acquiring exogenous substances. This internalization process not only provides essential nutrients and energy sources but also enables cells to regulate their metabolism and signaling pathways (36). Through this mechanism, prostate cells can rapidly respond to changes in the external environment and maintain internal homeostasis.

It is noteworthy that the interaction between EV and prostate cells is not unidirectional. Instead, it is a dynamic, bidirectional process involving the synergistic action of various intercellular signaling and substance exchange pathways (37). This synergy enables EV to play a crucial role in the physiological and pathological processes of prostate cells. Furthermore, as research progresses, scientists have discovered that EV may also be closely related to the pathogenesis of diseases such as prostate cancer. For instance, some studies indicate that prostate cancer cells might influence the growth and differentiation of surrounding normal cells by releasing specific EV, thereby promoting tumor development (38). Therefore, a deeper exploration of the mechanisms underlying exosome-prostate cell interactions not only aids in understanding the complexity and diversity of intercellular communication but may also provide new insights and directions for the prevention and treatment of diseases like cancer.

EV facilitate intercellular signal transduction and substance exchange by binding to receptors on the surface of prostate cells. This intricate interaction mechanism not only reveals the mysteries of cell-to-cell communication but also provides valuable insights for further exploration of the secrets of life sciences (39).




2.3 The role of extracellular vesicles in type IIIA chronic prostatitis

Type IIIA chronic prostatitis is a complex and common male urological disorder, with its pathogenesis involving multiple biological processes and pathological mechanisms. In recent years, as research into intercellular communication mechanisms has advanced, EV have emerged as crucial mediators of cell-to-cell communication. They may play a vital role in the pathogenesis of Type IIIA chronic prostatitis.

In the pathogenesis of chronic prostatitis type IIIA, EV may be involved in various mechanisms (40). On one hand, EV may contribute to the inflammatory response in prostate tissue by transporting inflammation-related molecules such as inflammatory mediators and chemokines (41). These molecules can be delivered to target cells via EV, activating inflammatory signaling pathways, promoting the infiltration of inflammatory cells, and the release of inflammatory mediators (42). This process may lead to sustained inflammation within the prostate tissue, exacerbating tissue damage and functional impairment (43). On the other hand, EV may also play a role in the remodeling and repair processes of prostate tissue, influencing the pathogenesis of type IIIA chronic prostatitis (44). After prostate tissue damage, a series of complex biological processes are required for repair and remodeling. EV can carry growth factors and extracellular matrix components, which are crucial for the proliferation, differentiation, and structural reconstruction of prostate cells (45). By delivering these bioactive molecules, EV can facilitate the repair and remodeling of prostate tissue, thereby potentially mitigating disease progression.

In addition to the two primary aspects mentioned, EV may also be associated with other pathological mechanisms of type IIIA chronic prostatitis (46). For instance, EV might be involved in regulating the immune system, thereby affecting the distribution and function of immune cells within prostate tissue (47). Moreover, EV could have a profound impact on prostate tissue health by influencing biological processes such as apoptosis and autophagy.





3 Recent advances in the role of extracellular vesicles in the pathogenesis of type IIIA chronic prostatitis



3.1 Role of extracellular vesicles in inflammation regulation

In the pathogenesis of IIIA chronic prostatitis, EV play a crucial role in inflammation regulation. As significant carriers of intercellular communication, EV can transport and convey various inflammation-related molecules, such as inflammatory mediators (48), chemokines (49), and immunoregulatory molecules (50), thereby modulating the inflammatory response (Figure 1).




Figure 1 | T cells are central to the immune response and maintain close interactions with other immune cells. B cells are responsible for antibody production and work in conjunction with T cells to contribute to immune defense. Macrophages, a type of white blood cell, are tasked with phagocytosing and digesting foreign particles, thereby participating in immune responses. Additionally, cytokines such as IFN-γ and IL-12 play crucial roles in activating immune cells. The presence of eosinophils indicates that the immune system is involved in allergic reactions. Exosomes influence the immune response process by modulating various signaling pathways.



EV regulate the inflammatory response in chronic prostatitis type IIIA through various signaling pathways. On one hand, EV can carry and deliver specific signaling molecules, such as protein kinases (51) and transcription factors (52). These molecules can activate or inhibit signaling pathways within prostate cells, thereby modulating the expression of inflammation-related genes and the intensity of the inflammatory response (53). On the other hand, EV can bind to receptors on the surface of prostate cells, and through processes like membrane fusion or endocytosis, transfer signaling molecules into the cell, thereby triggering or inhibiting intracellular signaling pathways and influencing the progression of inflammation.

EV can participate in the transmission of inflammatory signals in prostate tissue. In the pathogenesis of chronic prostatitis type IIIA, cells within the prostate tissue release EV in response to various stimuli. These EV carry inflammatory molecular information and convey inflammatory signals to neighboring cells through intercellular communication, thereby triggering or exacerbating the inflammatory response (54).

EV can regulate the proliferation and apoptosis of prostate cells. In inflammatory environments, the proliferation and apoptosis of prostate cells often become dysregulated. EV can influence these processes by delivering specific molecular information, thereby affecting the onset and progression of prostatitis.

In addition, EV are involved in the regulation of the immune system. The onset of chronic prostatitis type IIIA is often accompanied by abnormal activation of the immune system (55). EV can carry immune regulatory molecules, modulating the immune response by affecting the activity and function of immune cells, thereby significantly influencing the onset and progression of prostatitis.

Recent advances in exosome research have increasingly demonstrated that EV play a crucial role in the pathogenesis of Type IIIA chronic prostatitis (56). Further investigation into the biological characteristics of EV and their mechanisms of action in prostatitis is expected to provide new insights and methods for the diagnosis, treatment, and prevention of the disease.

In the future, advanced molecular biology techniques and experimental methods can be employed for a more in-depth study of EV. For instance, high-throughput sequencing technology can be used to sequence and analyze RNA within EV to elucidate their regulatory roles in prostatitis (57). Additionally, animal models and cell experiments can simulate the pathogenesis of prostatitis to observe the mechanisms of exosome action. These studies will contribute to a more comprehensive understanding of the role of EV in the pathogenesis of chronic prostatitis type IIIA, providing new insights and methods for the prevention and treatment of the disease.




3.2 Relationship between extracellular vesicles and proliferation and apoptosis of prostate cells

EV as crucial mediators of intercellular communication, play an indispensable role in the proliferation and apoptosis of prostate cells. By transferring specific molecular information, they precisely regulate cellular growth, differentiation, and death, thereby having a profound impact on the pathogenesis and progression of Type IIIA chronic prostatitis.

EV play a role in regulating prostate cell proliferation. Under normal physiological conditions, the proliferation and differentiation of prostate cells are tightly regulated to maintain tissue homeostasis (58). However, during episodes of chronic prostatitis type IIIA, this homeostasis is often disrupted. EV can carry a variety of growth factors, hormones, and other signaling molecules, and modulate the proliferation rate and differentiation direction of prostate cells by influencing intracellular signaling pathways (59). Abnormal expression of certain molecules in EV may lead to excessive proliferation or abnormal differentiation of prostate cells, thereby exacerbating inflammation and tissue damage.

EV play a crucial role in the process of apoptosis in prostate cells (Figure 2). Apoptosis is a programmed cell death process that is vital for maintaining tissue homeostasis and preventing disease onset (60). EV can trigger apoptosis in prostate cells by transferring apoptosis-related molecules, such as apoptosis-inducing factors and cytochrome C. In chronic prostatitis of type IIIA, EV may modulate the expression of apoptosis-related molecules, influencing the rate and extent of prostate cell apoptosis, thereby affecting disease progression and prognosis.




Figure 2 | In this image, a detailed diagram of the immune response against colon cancer is presented. It illustrates the interaction between tumor cells, immune cells, and various signaling molecules. The tumor cells, represented in red, are targeted by immune cells such as T cells depicted in blue and macrophages depicted in green. The diagram also emphasizes the involvement of cytokines like IL-10 and TNF-α, which play pivotal roles in regulating the immune response. The overall flowchart provides a comprehensive overview of the complex interactions between tumor cells and immune cells, ultimately leading to the suppression of tumor growth.



In the detailed study of the relationship between EV and prostate cell proliferation and apoptosis, signaling pathways have emerged as a crucial research focus. These pathways are essential for the transmission of both intracellular and extracellular signals, ensuring that cells appropriately respond to various internal and external stimuli. In the pathogenesis of type IIIA chronic prostatitis, EV regulate prostate cell proliferation and apoptosis by influencing specific signaling pathways, thereby contributing to disease progression (61). Many growth factors, hormones, and cytokines activate downstream signaling cascades by binding to their receptors, ultimately affecting gene transcription and expression in the cell nucleus, which in turn regulates cell proliferation (62). EV can carry these growth factors or hormones and deliver them to prostate cells, modulating the rate of cell proliferation by activating or inhibiting these signaling pathways. For instance, molecules carried by EV may activate proliferative signaling pathways such as PI3K/Akt or MAPK, leading to excessive proliferation of prostate cells; other molecules might inhibit these pathways, thereby suppressing proliferation.Apoptosis is a complex process of cell death involving the coordinated action of multiple signaling pathways (63). EV can trigger or inhibit prostate cell apoptosis by transferring apoptosis-related molecules. For example, certain molecules carried by EV may activate caspase family proteins, initiating a cascade of apoptotic events; other molecules may promote apoptosis by inhibiting the expression of anti-apoptotic proteins (64). The regulation of these apoptosis-related signaling pathways is crucial for maintaining prostate tissue homeostasis and preventing disease progression.

Moreover, EV may be closely associated with the autophagic process in prostate cells. Autophagy is the process by which cells digest and recycle internal materials, a mechanism crucial for maintaining cellular homeostasis and function. Research indicates that EV can carry autophagy-related proteins and signaling molecules (65), thereby participating in the regulation of autophagy in prostate cells. In chronic prostatitis type IIIA, EV may modulate autophagy levels in prostate cells by influencing the expression and activity of autophagy-related molecules, thereby affecting cellular survival and death.

In summary, EV play a complex and precise regulatory role in the proliferation and apoptosis of prostate cells (66). They affect the growth, differentiation, and death processes of prostate cells by transmitting specific molecular information, thereby participating in the pathogenesis and progression of type IIIA chronic prostatitis. Future research should delve deeper into the biological characteristics and functional mechanisms of EV to provide new insights and methods for disease prevention and treatment.




3.3 Interactions between extracellular vesicles and the prostate immune system

The interaction between EV and the prostate immune system plays a significant role in the pathogenesis of chronic prostatitis type IIIA. As a complex organ, the balance and stability of the prostate immune system are crucial for maintaining normal physiological functions (67). EV, serving as critical mediators in intercellular communication, are capable of modulating the activity and functionality of prostate immune cells, which in turn can influence the intensity and progression of the inflammatory response.

EV play a role in the activation and differentiation of prostate immune cells. During an acute episode of chronic prostatitis type IIIA, immune cells in the prostate tissue are stimulated and release EV (68). These EV carry immunomodulatory molecules, such as chemokines and immunosuppressive factors, which can influence the activation and differentiation of immune cells (69). By modulating the activity and function of immune cells, EV can regulate the response of the prostate immune system, thereby affecting the onset and progression of prostatitis (Figure 3).




Figure 3 | If a cell undergoes apoptosis, small, balloon-like structures will form, within which the nucleus, DNA, and organelles fragment; the apoptotic bodies that result still retain functionality. In contrast, during necrosis, these balloon-like structures merge and enlarge, while the nucleus and organelles remain within the structures. Eventually, the cell dissolves, leading to a loss of organelle function.



EV can influence the migration and infiltration of immune cells in the prostate. In an inflammatory environment, immune cells in the prostate migrate to the sites of inflammation and participate in the inflammatory response. EV regulate the extent and severity of the inflammatory response by modulating the migration and infiltration of immune cells (70). Abnormal expression of certain molecules within EV may lead to excessive infiltration of immune cells or hinder their migration, thereby exacerbating the inflammatory response or affecting its resolution.

EV can also play a role in the apoptosis and autophagy of prostate immune cells. Apoptosis and autophagy are crucial mechanisms for maintaining the balance and function of immune cells within the body (71). EV can influence the survival and death of immune cells by transferring molecules related to apoptosis and autophagy. In type IIIA chronic prostatitis, EV may impact immune system responses and disease progression by modulating the levels of apoptosis and autophagy in immune cells.

In the investigation of exosome interactions with the prostate immune system, signaling pathways play a crucial role. These pathways act as bridges for information exchange both within and outside the cell, regulating various biological processes including the activation, differentiation, migration, and apoptosis of immune cells (72, 73). EV participate in the regulation of signaling pathways in prostate immune cells by carrying and transmitting specific signaling molecules, thereby influencing immune system function and response. When EV bind to receptors on the surface of immune cells, they can trigger a cascade of signals that activate or inhibit specific pathways (74). These pathways, in turn, regulate gene expression, cell proliferation, differentiation, and the execution of immune cell functions. In type IIIA chronic prostatitis, EV may modulate signaling pathways within immune cells, affecting the intensity and duration of immune responses and contributing to disease onset and progression (75). For instance, TRPM8 RNA is secreted by both normal and prostate cancer cells via EV without inducing cell damage. Upon internalization of EV, TRPM8 mRNA binds to TLR3 within endosomes, thereby promoting the activation of the NF-kB/IRF3 pathway and the release of pro-inflammatory signals. The delivery of TRPM8 mRNA via EV activates TLR3, which triggers sterile inflammation in prostate epithelial cells and enhances the inhibitory effect of NK cells on tumor growth (76). Inflammation is a crucial response of the immune system to injury or infection, but excessive inflammation can lead to tissue damage and disease progression. EV can modulate inflammation-related signaling pathways in prostate immune cells by carrying anti-inflammatory or pro-inflammatory molecules, thereby balancing immune responses and preventing excessive inflammation (77). Increased expression of anti-inflammatory molecules in EV may inhibit excessive activation of immune cells and alleviate inflammation, whereas increased expression of pro-inflammatory molecules may enhance immune responses and promote inflammation resolution.

EV regulate immune system functions and responses by modulating signaling pathways within prostatic immune cells. In the pathogenesis of chronic prostatitis type IIIA, EV may influence the degree and progression of inflammation by affecting the activation, differentiation, migration, apoptosis, and autophagy of immune cells. This, in turn, can have profound effects on the disease’s pathogenesis and progression. Experiments have revealed that the combination of PD-1 inhibitors with docetaxel exerts a synergistic effect on mouse prostate cancer, inhibiting tumor growth, enhancing survival rates, and reducing adverse reactions. This combination also increases tumor-infiltrating CD4+ and CD8+ T cells, particularly when used in conjunction with low-dose docetaxel, which is associated with the PI3K/AKT/NFKB-P65/PD-L1 signaling pathway (78). Studies indicate that numerous cytokines in the tumor microenvironment and tumor-derived EV can induce the expression of PD-L1, facilitating tumor immune evasion (79). Consequently, targeting the PD-1/PD-L1 axis with immune checkpoint inhibitors (ICIs) has become one of the primary strategies in cancer immunotherapy to reverse immunosuppression and restore the immune system’s antitumor activity (80). Future research should further investigate the mechanisms underlying the interactions between EV and the prostatic immune system, potentially offering new approaches and strategies for disease prevention and treatment.





4 Exploration of extracellular vesicles as therapeutic targets for type IIIA chronic prostatitis

EV as an emerging drug delivery system, have garnered significant attention in the biomedical field due to their unique advantages. As the primary form of EV, EV originate from cells and possess the ability to fuse with host cell membranes, enabling the direct delivery of drugs to target cells. This characteristic endows EV with high targeting capability in drug delivery. For example, by precisely modulating the source and function of EV, researchers have successfully directed anti-inflammatory drugs to sites of inflammation (81). This targeted approach not only enhances therapeutic efficacy but also significantly reduces the incidence of side effects (62). Compared to traditional drug delivery methods, EV can more accurately reach the lesion sites, achieve precise drug release, and thereby improve overall treatment effectiveness.

Additionally, EV exhibit high biocompatibility and stability. These nanoscale vesicles are naturally secreted by cells and can persist in the body, effectively evading immune system surveillance. This characteristic renders EV as relatively safe drug carriers (82). Furthermore, the membrane material of EV originates from the cell membrane, ensuring good compatibility with human tissues and further reducing the risk of immune responses. Notably, EV also possess a strong drug-loading capacity. They can carry a variety of biomolecules, such as proteins, RNA, and DNA, enabling multi-targeted therapies (83, 84). This multi-drug combination strategy enhances therapeutic efficacy while simultaneously reducing the dosage and potential side effects of individual drugs.

EV exhibit substantial potential in the dissemination of immunomodulators. By regulating immune-modulating factors such as miRNAs and lncRNAs within EV, researchers can achieve precise modulation of immune responses (85). This opens new strategies and perspectives for the treatment of inflammatory diseases and autoimmune disorders. For instance, chronic prostatitis type IIIA currently lacks specific treatment methods for this inflammatory condition. However, with the advancement of exosome research, it may become possible to treat this disease by modulating exosome functions (86). Studies indicate that EV play a crucial role in the pathogenesis of chronic prostatitis (87). By regulating the production and secretion of EV, their distribution and functions within the body can be influenced, enabling precise modulation of inflammation. Nonetheless, ensuring the targeted delivery of EV within the body and avoiding their distribution to non-target organs remains a challenge that needs to be addressed (88). Furthermore, the biosafety of EV is a significant concern, necessitating assurance that they do not cause harm to the human body during use.

EV, as an emerging drug delivery system, face numerous challenges but hold significant potential for future applications. With ongoing research and technological advancements, it is reasonable to anticipate that EV will play a more crucial role in the biomedical field, contributing substantially to human health.




5 Conclusion/future directions for the field

The diverse biomolecules contained within EV play a crucial role in cellular communication and substance transport. Additionally, they are frequently implicated in research concerning Type IIIA chronic prostatitis (89).

Recent research into the role of EV in the pathogenesis of IIIA chronic prostatitis has yielded the following advancements: EV can contribute to the inflammatory response in chronic prostatitis by carrying and transferring inflammation-related molecules such as interleukins and tumor necrosis factors (90). Studies have shown that, compared to healthy individuals, patients with IIIA chronic prostatitis exhibit significant changes in both the quantity and content of EV in prostatic fluid, suggesting that EV may play a crucial role in the disease mechanism. Furthermore, EV can exacerbate the inflammatory response by binding to receptors on target cells, thereby influencing intracellular signaling pathways (91). Recent research also indicates that EV may be involved in the activation and regulation of immune cells during the progression of IIIA chronic prostatitis.

Based on the aforementioned research advances, EV play a crucial role in the pathogenesis of Type IIIA chronic prostatitis. Consequently, the development of exosome-based therapeutic strategies holds significant potential. Future research could advance in the following directions:



5.1 In-depth exploration of extracellular vesicles mechanisms

Further investigation is needed to understand how EV, by carrying and delivering inflammatory molecules, affect the function and physiological processes of target cells. This would help elucidate the pathogenesis of Type IIIA chronic prostatitis and provide a theoretical foundation for developing new therapeutic strategies (92).




5.2 Developing new therapeutic strategies based on extracellular vesicles

Utilizing the biological characteristics of EV, new treatment strategies for chronic prostatitis type IIIA can be developed. This includes modulating the production and function of EV to reduce inflammatory responses or designing EV with specific functions, such as drug-loaded EV, to achieve precise disease treatment.




5.3 Assessing the potential of extracellular vesicles as biomarkers

Investigating the application value of EV in the diagnosis, monitoring, and prognosis of chronic prostatitis type IIIA can provide new biomarkers for clinical diagnosis and treatment.




5.4 Exploring the role of extracellular vesicles in different types of chronic prostatitis

Comparative studies of EV in types of chronic prostatitis other than type IIIA can offer additional insights into the pathogenesis and treatment of chronic prostatitis.

It is worth noting that several challenges currently exist. On one hand, the high cost and complexity of EV isolation and purification present significant issues. Additionally, during detection, cellular debris and other EV in the samples may interfere with the accuracy of identification. On the other hand, the limited drug-loading capacity of EV may result in drug concentrations at target cells or organs being insufficient for therapeutic requirements. Furthermore, the heterogeneity of EV, the absence of standardized identification criteria, technological barriers, and the uncertainty of the regulatory environment are challenges that current EV research must urgently address. However, with ongoing research and continuous technological innovation, it is believed that these difficulties will gradually be overcome, and EV will undoubtedly play an increasingly valuable role in the fields of disease diagnosis and treatment.






Author contributions

LC: Writing – original draft, Writing – review & editing. PL: Supervision, Writing – review & editing. WL: Investigation, Writing – review & editing. QC: Data curation, Writing – review & editing. LG: Methodology, Writing – review & editing. FZ: Conceptualization, Writing – review & editing. LZ: Investigation, Writing – review & editing. BQ: Conceptualization, Investigation, Software, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by the Jiangxi Provincial Health Commission Research Project (No. SKJP20203656).




Acknowledgments

All figures are created with BioRender.com.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Qin, Z, Guo, J, Chen, H, and Wu, J. Acupuncture for chronic prostatitis/chronic pelvic pain syndrome: A GRADE-assessed systematic review and meta-analysis. Eur Urol Open Sci. (2022) 46:55–67. doi: 10.1016/j.euros.2022.10.005

2. Singh, S, Singh, M, Bains, L, and Sagar, T. Candida prostatitis: A rare entity. Trop Doct. (2023) 53:282–4. doi: 10.1177/00494755221147962

3. Higazy, A, Shorbagy, AA, Shabayek, M, Radwan, A, Halim, GN, and Osman, D. Short course of dutasteride in treatment of a refractory category IIIB chronic prostatitis (A placebo-controlled study). Prostate Int. (2022) 10:213–7. doi: 10.1016/j.prnil.2022.06.002

4. Kartashova, OL, Pashinina, OA, Morozova, NV, Pashkova, TM, and Kuzmin, MD. Antibiotic resistance of strains of gram-positive cocci isolated from prostate secretion in men with chronic bacterial prostatitis. Urologiia. (2022) 2022:16–20. doi: 10.18565/urology

5. Qin, G, and Han, C. CD63-Snorkel tagging for isolation of tissue-specific small extracellular vesicles. Physiology. (2023) 38:5789737. doi: 10.1152/physiol.2023.38.S1.5789737

6. Gonzales, F, Peyrouze, P, Boyer, T, Guihard, S, Sevrin, F, Laurent, D, et al. Tetraspanin CD81 supports cancer stem cell function and represents a therapeutic vulnerability in acute myeloid leukemia. Blood. (2023) 142:168. doi: 10.1182/blood-2023-186957

7. Aydogdu, O, Perez, F, Aronsson, P, Uyar Gocun, PU, Carlsson, T, Sandner, P, et al. Treatment with the soluble guanylate cyclase activator BAY 60-2770 normalizes bladder function in an in vivo rat model of chronic prostatitis. Eur J Pharmacol. (2022) 927:175052. doi: 10.1016/j.ejphar.2022.175052

8. Bai, J, Gu, L, Chen, Y, Liu, X, Yang, J, Li, M, et al. Evaluation of psychological stress, cortisol awakening response, and heart rate variability in patients with chronic prostatitis/chronic pelvic pain syndrome complicated by lower urinary tract symptoms and erectile dysfunction. Front Psychol. (2022) 13:903250. doi: 10.3389/fpsyg.2022.903250

9. Bratchikov, OI, Dubonos, PA, Tyuzikov, IA, and Zhilyaeva, YA. Zinc metabolism in healthy men and in patients with chronic bacterial prostatitis. Research Results in Pharmacology. (2022) 8:35–41. doi: 10.3897/rrpharmacology.8.94845

10. Schneider, L, Dansranjav, T, Neumann, E, Yan, H, Pilatz, A, Schuppe, HC, et al. Post-prostatic-massage urine exosomes of men with chronic prostatitis/chronic pelvic pain syndrome carry prostate-cancer-typical microRNAs and activate proto-oncogenes. Mol Oncol. (2023) 17:445–68. doi: 10.1002/1878-0261.13329

11. Mao, Q, Zhang, X, Wang, C, Liu, J, Wang, ZQ, and Wang, B. Integrating network pharmacology and experimental verification to investigate the mechanisms of shuangshi tonglin capsule to treat chronic prostatitis. Comb Chem High Throughput Screen. (2023) 26:4856–65. doi: 10.2174/1386207326666221024144543

12. Liu, H, Wang, Z, Xie, Q, Chi, A, Li, Y, and Dai, J. Ningmitai capsules have anti-inflammatory and pain-relieving effects in the chronic prostatitis/chronic pelvic pain syndrome mouse model through systemic immunity. Front Pharmacol. (2022) 13:949316. doi: 10.3389/fphar.2022.949316

13. Ge, S, Hu, Q, Xia, G, Tan, Y, Guo, YJ, and Sun, C. The ALFF alterations of spontaneous pelvic pain in the patients of chronic prostatitis/chronic pelvic pain syndrome evaluated by fMRI. Brain Sci. (2022) 12:1344. doi: 10.3390/brainsci12101344

14. Kuzmin, I, Slesarevskaya, M, and Al-Shukri, S. Bioregulatory therapy for chronic abacterial prostatitis. Urol Rep (St. - Petersburg). (2022) 12:191–202. doi: 10.17816/uroved111581

15. Zhang, B, Deng, X, You, R, Liu, J, Hou, D, and Wang, X. Secreted insulin-like growth factor binding protein 5 functions as a tumor suppressor and chemosensitizer through inhibiting insulin-like growth factor 1 receptor/protein kinase B pathway in acute myeloid leukemia. Neoplasia. (2024) 47:100952. doi: 10.1016/j.neo.2023.100952

16. Kumar, A, Verma, A, and Chaurasia, RN. Vitamin D and inflammatory cytokines association in mild cognitive impaired subjects. Neurosci Lett. (2023) 795:137044. doi: 10.1016/j.neulet.2022.137044

17. Zhang, M, Hu, S, Liu, L, Dang, P, Liu, Y, and Sun, Z. Engineered exosomes from different sources for cancer-targeted therapy. Signal Transduct Target Ther. (2023) 8:124. doi: 10.1038/s41392-023-01382-y

18. Wang, J, Zhu, M, Hu, Y, Chen, R, Hao, Z, Wang, Y, et al. Exosome-hydrogel system in bone tissue engineering: A promising therapeutic strategy. Macromol Biosci. (2023) 23:e2200496. doi: 10.1002/mabi.202200496

19. Yunusova, N, Dzhugashvili, E, Yalovaya, A, Kolomiets, L, Shefer, A, Grigor'eva, A, et al. Comparative analysis of tumor-associated microRNAs and tetraspanines from exosomes of plasma and ascitic fluids of ovarian cancer patients. Int J Mol Sci. (2022) 24:464. doi: 10.3390/ijms24010464

20. Ganesh, V, Seol, D, Gomez-Contreras, PC, Keen, HL, Shin, KS, Martin, JA, et al. Exosome-based cell homing and angiogenic differentiation for dental pulp regeneration. Int J Mol Sci. (2022) 24:466. doi: 10.3390/ijms24010466

21. Gu, M, Zhang, F, Jiang, X, Chen, P, Wan, S, Lv, Q, et al. Influence of placental exosomes from early onset preeclampsia women umbilical cord plasma on human umbilical vein endothelial cells. Front Cardiovasc Med. (2022) 9:1061340. doi: 10.3389/fcvm.2022.1061340

22. Du, H, Chen, X, Zhang, L, Liu, Y, Zhan, C, Chen, J, et al. Experimental autoimmune prostatitis induces learning-memory impairment and structural neuroplastic changes in mice. Cell Mol Neurobiol. (2020) 40:99–111. doi: 10.1007/s10571-019-00723-2

23. Cao, Y, Yao, W, Lu, R, Zhao, H, Wei, W, Lei, X, et al. Reveal the correlation between hub hypoxia/immune-related genes and immunity and diagnosis, and the effect of SAP30 on cell apoptosis, ROS and MDA production in cerebral ischemic stroke. Aging (Albany NY). (2023) 15:15161–82. doi: 10.18632/aging.205339

24. Jia, L, Lin, X-R, Guo, W-Y, Huang, M, Zhao, Y, Zhang, Y-S, et al. Salvia chinensia Benth induces autophagy in esophageal cancer cells via AMPK/ULK1 signaling pathway. Front Pharmacol. (2022) 13:995344. doi: 10.3389/fphar.2022.995344

25. Kuzmenko, AV, Kuzmenko, VV, Gyaurgiev, TA, and Kuzmenko, GA. Evaluation of long-term results of the use of entomological drug in the combination therapy of patients with benign prostatic hyperplasia and chronic prostatitis. Urologiia. (2022) 2022:30–5. doi: 10.18565/urology

26. Cai, T, Gallelli, L, Cione, E, Verze, P, Palmieri, A, Mirone, V, et al. The efficacy and tolerability of pollen extract in combination with hyaluronic acid and vitamins in the management of patients affected by chronic prostatitis/chronic pelvic pain syndrome: a 26 weeks, randomized, controlled, single-blinded, phase III study. Minerva Urol Nephrol. (2022) 74:780–8. doi: 10.23736/S2724-6051.21.04141-2

27. Verze, P, Cai, T, and Lorenzetti, S. The role of the prostate in male fertility, health and disease. Nat Rev Urol. (2016) 13:379–86. doi: 10.1038/nrurol.2016.89

28. Kuczborska, K, Buda, P, and Książyk, JB. Different course of SARS-CoV-2 infection in two adolescents with other immunosuppressive factors. Cureus. (2022) 14:e22710. doi: 10.7759/cureus.22710

29. Lan, X, Niu, X, Bai, W-X, Li, H-N, Zhu, X-Y, Ma, W-J, et al. The functional connectivity of the basal ganglia subregions changed in mid-aged and young males with chronic prostatitis/chronic pelvic pain syndrome. Front Hum Neurosci. (2022) 16:1013425. doi: 10.3389/fnhum.2022.1013425

30. Han, Q, Xie, QR, Li, F, Cheng, Y, Wu, T, Zhang, Y, et al. Targeted inhibition of SIRT6 via engineered exosomes impairs tumorigenesis and metastasis in prostate cancer. Theranostics. (2021) 11:6526–41. doi: 10.7150/thno.53886

31. Ivanova, E, Asadullina, D, Rakhimov, R, Izmailov, A, Izmailov, AI, Gilyazova, G, et al. Exosomal miRNA-146a is downregulated in clear cell renal cell carcinoma patients with severe immune-related adverse events. Noncoding RNA Res. (2022) 7:159–63. doi: 10.1016/j.ncrna.2022.06.004

32. Xia, H, Shanshan, X, Sumeng, L, Fang, X, Tao, Z, Cheng, C, et al. LncRNA RMRP aggravates LPS-induced HK-2 cell injury and AKI mice kidney injury by upregulating COX2 protein via targeting ELAVL1. Int Immunopharmacol. (2023) 116:109676. doi: 10.1016/j.intimp.2022.109676

33. Hosseini-Beheshti, E, Pham, S, Adomat, H, Li, N, and Tomlinson Guns, ES. Exosomes as biomarker enriched microvesicles: characterization of exosomal proteins derived from a panel of prostate cell lines with distinct AR phenotypes. Mol Cell Proteomics. (2012) 11:863–85. doi: 10.1074/mcp.M111.014845

34. Takada-Owada, A, Fuchizawa, H, Kijima, T, Ishikawa, M, Takaoka, M, Nozawa, Y, et al. Cryptococcal prostatitis forming caseous and suppurative granulomas diagnosed by needle biopsy: A case report. Int J Surg Pathol. (2022) 30:586–9. doi: 10.1177/10668969211070170

35. Lei, Y, and Du, HH. A clinical protocol for the effect of acupuncture combined with qianliean suppository on inflammatory factors in patients with chronic prostatitis. Med (Baltimore). (2021) 100:e27913. doi: 10.1097/MD.0000000000027913

36. Junker, K, Heinzelmann, J, Beckham, C, Ochiya, T, and Jenster, G. Extracellular vesicles and their role in urologic Malignancies. Eur Urol. (2016) 70:323–31. doi: 10.1016/j.eururo.2016.02.046

37. Li, S, Li, Y, Su, X, Han, A, Cui, Y, Lv, S, et al. Dihydroartemisinin promoted bone marrow mesenchymal stem cell homing and suppressed inflammation and oxidative stress against prostate injury in chronic bacterial prostatitis mice model. Evid Based Complement Alternat Med. (2021) 2021:1829736. doi: 10.1155/2021/1829736

38. Potts, JM. We must stop misusing the term prostatitis. Urology. (2022) 161:158–9. doi: 10.1016/j.urology.2021.11.031

39. Li, C, Xu, L, Lin, X, Li, Q, Ye, P, Wu, L, et al. Effectiveness and safety of acupuncture combined with traditional Chinese medicine in the treatment of chronic prostatitis: A systematic review and meta-analysis. Med (Baltimore). (2021) 100:e28163. doi: 10.1097/MD.0000000000028163

40. Ruetten, H, Wehber, M, Murphy, M, Cole, C, Sandhu, S, Oakes, S, et al. A retrospective review of canine benign prostatic hyperplasia with and without prostatitis. Clin Theriogenology. (2021) 13:360–6.

41. Neymark, AI, Neymark, BA, Borisenko, DV, and Maksimova, SS. Complex conservative therapy of chronic abacterial prostatitis. Urol Rep (St. - Petersburg). (2021) 11:315–24. doi: 10.17816/uroved71567

42. Moryousef, J, Blankstein, U, Nickel, JC, Krakowsky, Y, Gilron, I, Jarvi, K, et al. Overview of seminal fluid biomarkers for the evaluation of chronic prostatitis: a scoping review. Prostate Cancer Prostatic Dis. (2022) 25:627–40. doi: 10.1038/s41391-021-00472-8

43. Xu, Y, Blankstein, U, Nickel, JC, Krakowsky, Y, Gilron, I, Jarvi, K, et al. Macrophages transfer antigens to dendritic cells by releasing exosomes containing dead-cell-associated antigens partially through a ceramide-dependent pathway to enhance CD4(+) T-cell responses. Immunology. (2016) 149:157–71. doi: 10.1111/imm.2016.149.issue-2

44. Zheng, X, Yan, Z, Wang, W, Mao, W, Wang, Y, Zhao, Y, et al. Efficacy of acupuncture combined with traditional Chinese medicine on chronic prostatitis: A protocol for systematic review and meta-analysis. Med (Baltimore). (2021) 100:e27678. doi: 10.1097/MD.0000000000027678

45. Ncapayi, V, Ninan, N, Lebepe, TC, Parani, S, Ravindran Girija, A, Bright, R, et al. Diagnosis of prostate cancer and prostatitis using near infra-red fluorescent AgInSe/ZnS quantum dots. Int J Mol Sci. (2021) 22:12514. doi: 10.3390/ijms222212514

46. Calmasini, FB, Silva, FH, Alexandre, EC, and Antunes, E. Efficacy of resveratrol in male urogenital tract dysfunctions: an evaluation of pre-clinical data. Nutr Res Rev. (2023) 36:86–97. doi: 10.1017/S0954422421000354

47. Huang, TR, Li, W, and Peng, B. Correlation of inflammatory mediators in prostatic secretion with chronic prostatitis and chronic pelvic pain syndrome. Andrologia. (2018) 50:e12860. doi: 10.1111/and.12860

48. Chen, N-W, Jin, J, Xu, H, Wei, X-C, Wu, L-F, Xie, W-H, et al. Effect of thermophilic bacterium HB27 manganese superoxide dismutase in a rat model of chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS). Asian J Androl. (2022) 24:323–31. doi: 10.4103/aja202157

49. Sigle, A, Suarez-Ibarrola, R, Pudimat, M, Michaelis, J, Jilg, CA, Miernik, A, et al. Safety and side effects of transperineal prostate biopsy without antibiotic prophylaxis. Urol Oncol. (2021) 39:782.e1–5. doi: 10.1016/j.urolonc.2021.02.016

50. Yuan, Y, Dong, F-X, Liu, X, Xiao, H-B, and Zhou, Z-G. Liquid chromatograph-mass spectrometry-based non-targeted metabolomics discovery of potential endogenous biomarkers associated with prostatitis rats to reveal the effects of magnoflorine. Front Pharmacol. (2021) 12:741378. doi: 10.3389/fphar.2021.741378

51. Kang, Y, Song, P, Cao, D, Di, X, Lu, YY, Liu, P, et al. The efficacy and safety of extracorporeal shockwave therapy versus acupuncture in the management of chronic prostatitis/chronic pelvic pain syndrome: evidence based on a network meta-analysis. Am J Mens Health. (2021) 15:15579883211057998. doi: 10.1177/15579883211057998

52. Wang, G-C, Huang, T-R, Wang, K-Y, Wu, Z-L, Xie, J-B, Zhang, H-L, et al. Inflammation induced by lipopolysaccharide advanced androgen receptor expression and epithelial-mesenchymal transition progress in prostatitis and prostate cancer. Transl Androl Urol. (2021) 10:4275–87. doi: 10.21037/tau-21-964

53. Barash, A, Stern, E, and Hoelle, R. A case report of acute prostatitis secondary to use of P-valve condom catheter during cave diving. Clin Pract cases Emerg Med. (2021) 5:436–9. doi: 10.5811/cpcem

54. Seiler, D, Zbinden, R, Hauri, D, and John, H. Four-glass or two glass test for chronic prostatitis. Urologe A. (2003) 42:238–42. doi: 10.1007/s00120-002-0286-z

55. Li, Y, Zhou, YC, and Shang, XJ. Influence of the germline microbiome on male health and related diseases. Zhonghua Nan Ke Xue. (2021) 27:1030–4.

56. Igoshin, VA. Influence of the Kuldur mineral spring on chronic prostatitis and spermatocystitis in rectal administration. Kazan Med J. (2021) 29:81–4. doi: 10.17816/kazmj1933.29.1-2

57. Li, C, Yu, L, Jiang, Y, Cui, Y, Liu, Y, Shi, K, et al. The histogram analysis of intravoxel incoherent motion-kurtosis model in the diagnosis and grading of prostate cancer-A preliminary study. Front Oncol. (2021) 11:604428. doi: 10.3389/fonc.2021.604428

58. Li, H, Chaitankar, V, Zhu, J, Chin, K, Liu, W, Pirooznia, M, et al. Olfactomedin 4 mediation of prostate stem/progenitor-like cell proliferation and differentiation via MYC. Sci Rep. (2020) 10:21924. doi: 10.1038/s41598-020-78774-5

59. Holloway, A, and Mathews, C. O03 Continuation of golimumab (anti-TNF) in a patient with SpA and low-risk prostate cancer, what is the right decision? Rheumatol Adv Pract. (2021) 5:rkab067.002. doi: 10.1093/rap/rkab067.002

60. Akhtar, A, Ahmad Hassali, MA, Zainal, H, Ali, I, and Khan, AH. A cross-sectional assessment of urinary tract infections among geriatric patients: prevalence, medication regimen complexity, and factors associated with treatment outcomes. Front Public Health. (2021) 9:657199. doi: 10.3389/fpubh.2021.657199

61. Sakr, AM, Fawzi, AM, Kamel, M, and Ali, MM. Outcomes and clinical predictors of extracorporeal shock wave therapy in the treatment of chronic prostatitis/chronic pelvic pain syndrome: a prospective randomized double-blind placebo-controlled clinical trial. Prostate Cancer Prostatic Dis. (2022) 25:93–9. doi: 10.1038/s41391-021-00464-8

62. Tsuboi, I, Ogawa, K, and Wada, K. Editorial Comment from Dr Tsuboi et al. to Does the microbiota spectrum of prostate secretion affect the clinical status of patients with chronic bacterial prostatitis. Int J Urol. (2021) 28:1259–60. doi: 10.1111/iju.v28.12

63. Chen, L, Chen, J, Mo, F, Bian, Z, Jin, C, Chen, X, et al. Genetic polymorphisms of IFNG, IFNGR1, and androgen receptor and chronic prostatitis/chronic pelvic pain syndrome in a Chinese Han population. Dis Markers. (2021) 2021:2898336. doi: 10.1155/2021/2898336

64. El-Achkar, A, Al-Mousawy, M, Abou Heidar, N, Moukaddem, H, Hussein, H, Mouallem, N, et al. Magnetic resonance imaging/ultrasonography fusion transperineal prostate biopsy for prostate cancer: Initial experience at a Middle Eastern tertiary medical centre. Arab J Urol. (2021) 19:454–9. doi: 10.1080/2090598X.2021.1926727

65. Khan, FU, Ihsan, AU, Khan, HU, Jana, R, Wazir, J, Khongorzul, P, et al. Comprehensive overview of prostatitis. Biomedicine Pharmacotherapy. (2017) 94:1064–76. doi: 10.1016/j.biopha.2017.08.016

66. Phongphaew, W, Kongtia, M, Kim, K, Sirinarumitr, K, and Sirinarumitr, T. Association of bacterial isolates and antimicrobial susceptibility between prostatic fluid and urine samples in canine prostatitis with concurrent cystitis. Theriogenology. (2021) 173:202–10. doi: 10.1016/j.theriogenology.2021.07.026

67. Pena, VN, Engel, N, Gabrielson, AT, Rabinowitz, MJ, and Herati, AS. Diagnostic and management strategies for patients with chronic prostatitis and chronic pelvic pain syndrome. Drugs Aging. (2021) 38:845–86. doi: 10.1007/s40266-021-00890-2

68. Igarashi, T, Tyagi, P, Mizoguchi, S, Saito, T, Furuta, A, Suzuki, Y, et al. Therapeutic effects of nerve growth factor-targeting therapy on bladder overactivity in rats with prostatic inflammation. Prostate. (2021) 81:1303–9. doi: 10.1002/pros.v81.16

69. Ye, W, Tang, X, Yang, Z, Liu, C, Zhang, X, Jin, J, et al. Plasma-derived exosomes contribute to inflammation via the TLR9-NF-κB pathway in chronic heart failure patients. Mol Immunol. (2017) 87:114–21. doi: 10.1016/j.molimm.2017.03.011

70. Seong, KM, Jang, G, Kim, DW, Kim, S, and Song, BK. Hwanglyunhaedok pharmacopuncture versus saline pharmacopuncture on chronic nonbacterial prostatitis/chronic pelvic pain syndrome. J Acupuncture Meridian Stud. (2017) 10:245–51. doi: 10.1016/j.jams.2017.06.001

71. Hua, X, Ge, S, Zhang, M, Mo, F, Zhang, L, Zhang, J, et al. Pathogenic roles of CXCL10 in experimental autoimmune prostatitis by modulating macrophage chemotaxis and cytokine secretion. Front Immunol. (2021) 12. doi: 10.3389/fimmu.2021.706027

72. Puerta Suárez, J, and Cardona Maya, WD. Microbiota, prostatitis, and fertility: bacterial diversity as a possible health ally. Adv Urol. (2021) 2021:1007366. doi: 10.1155/2021/1007366

73. Marquez-Algaba, E, Pigrau, C, Bosch-Nicolau, P, Viñado, B, Serra-Pladevall, J, Almirante, B, et al. Risk factors for relapse in acute bacterial prostatitis: the impact of antibiotic regimens. Microbiol Spectr. (2021) 9:e0053421. doi: 10.1128/Spectrum.00534-21

74. Bing, F, Dandache, J, Mettey, L, Vadot, W, and Stefani, L. Cerebellar Stroke and Leptomeningeal Carcinomatosis following Cement Leakage into the Vertebral Artery during Cervical Vertebroplasty. J Vasc Interv Radiol. (2022) 33:86–8. doi: 10.1016/j.jvir.2021.09.013

75. Jin, C, Zhang, S, Mo, F, Zhang, M, Meng, J, Bian, Z, et al. Efficacy and safety evaluation of low-intensity extracorporeal shock wave therapy on prostatitis-like symptoms: An open-label, single-arm trial. Andrologia. (2022) 54:e14260. doi: 10.1111/and.14260

76. Alaimo, A, Genovesi, S, Annesi, N, De Felice, D, Subedi, S, Macchia, A, et al. Sterile inflammation via TRPM8 RNA-dependent TLR3-NF-kB/IRF3 activation promotes antitumor immunity in prostate cancer. EMBO J. (2024) 43:780–805. doi: 10.1038/s44318-024-00040-5

77. Goudarzi, F, Kiani, A, Moradi, M, Haghshenas, B, Hashemnia, M, Karami, A, et al. Intraprostatic injection of exosomes isolated from adipose-derived mesenchymal stem cells for the treatment of chronic non-bacterial prostatitis. J Tissue Eng Regener Med. (2021) 15:1144–54. doi: 10.1002/term.v15.12

78. Zhou, S, Wang, B, Wei, Y, Dai, PR, Chen, Y, Xiao, Y, et al. PD-1 inhibitor combined with Docetaxel exerts synergistic anti-prostate cancer effect in mice by down-regulating the expression of PI3K/AKT/NFKB-P65/PD-L1 signaling pathway. Cancer biomark. (2024) 40:47–59. doi: 10.3233/CBM-230090

79. Xie, F, Xu, M, Lu, J, Mao, L, and Wang, S. The role of exosomal PD-L1 in tumor progression and immunotherapy. Mol Cancer. (2019) 18:146. doi: 10.1186/s12943-019-1074-3

80. Xu, Y, Song, G, Xie, S, Jiang, W, Chen, X, Chu, M, et al. The roles of PD-1/PD-L1 in the prognosis and immunotherapy of prostate cancer. Mol Ther. (2021) 29:1958–69. doi: 10.1016/j.ymthe.2021.04.029

81. Lee, JH, Yoo, TK, Kang, JY, Cho, JM, Park, YW, Lee, SW, et al. Relationship between erectile dysfunction and moderate to severe prostatitis-like symptoms in middle-aged men: a propensity score-matched analysis. Int Urol Nephrol. (2021) 53:2261–6. doi: 10.1007/s11255-021-02991-8

82. Kogan, M, Naboka, Y, Ferzauli, A, Ibishev, K, Gudima, I, Ismailov, R, et al. Does the microbiota spectrum of prostate secretion affect the clinical status of patients with chronic bacterial prostatitis? Int J Urol. (2021) 28:1254–9. doi: 10.1111/iju.14685

83. Tsukanov, AY, Rudchenko, NV, Mozgovoy, SI, and Maslyukov, AV. Protection of the prostate in conditions of chronic pelvis varicose. Urologiia. (2021) 2021:53–60. doi: 10.18565/urology

84. Chen, L, Zhang, M, and Liang, C. Chronic prostatitis and pelvic pain syndrome: another autoimmune disease? Arch Immunol Ther Exp (Warsz). (2021) 69:24. doi: 10.1007/s00005-021-00628-3

85. Krainii, PA, and Ibishev, KS. Electronic microscopy assessment of immunological disorders in the secret of the prostate in patients with chronic recurrent bacterial prostatitis. Urologiia. (2021) 2021:68–72. doi: 10.18565/urology

86. Vinnik, YY, Kuzmenko, AV, and Gyaurgiev, TA. Treatment of the chronic prostatitis: current state of the problem. Urologiia. (2021) 2021:138–44. doi: 10.18565/urology

87. Joseph, CMC. Xanthogranulomatous prostatitis: novel presentation of a rare condition. Am J Case Rep. (2021) 22:e932869. doi: 10.12659/AJCR.932869

88. Chen, S, Wang, X, Zheng, S, Li, H, Qin, S, Liu, J, et al. Increased SPC24 in prostatic diseases and diagnostic value of SPC24 and its interacting partners in prostate cancer. Exp Ther Med. (2021) 22:923. doi: 10.3892/etm.2021.10355

89. Stamatiou, K, Samara, E, Lacroix, RN, Moschouris, H, Perletti, G, Magri, V, et al. One, No One and One Hundred Thousand: Patterns of chronic prostatic inflammation and infection. Exp Ther Med. (2021) 22:966. doi: 10.3892/etm.2021.10398

90. Deng, W, Du, X, Zhou, W, Mei, X, Tian, Y, Chen, L, et al. Systematic review and meta-analysis: α-adrenergic receptor blockers in chronic prostatitis. Ann Palliat Med. (2021) 10:9870–8. doi: 10.21037/apm-21-2160

91. Mabaso, N, and Abbai, NS. A review on Trichomonas vaginalis infections in women from Africa. S Afr J Infect Dis. (2021) 36:254. doi: 10.4102/sajid.v36i1.254

92. Cao, D, Shen, Y, Huang, Y, Chen, B, Chen, Z, Ai, J, et al. Levofloxacin versus ciprofloxacin in the treatment of urinary tract infections: evidence-based analysis. Front Pharmacol. (2021) 12. doi: 10.3389/fphar.2021.658095




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Cheng, Luo, Li, Chen, Gan, Zhang, Zheng and Qian. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-16-1496055-g001.jpg
IL-12

Cell-mediated

immunity
sTAT4 /IL-12 @” IFNV —
T:h j/ 9= Allergic
responses
STAN
Anti-helminth
responses

Th2 IL-13

L s s
(o
.

e

Eosmophll





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Research progress of extracellular vesicles in the pathogenesis of type IIIA chronic prostatitis

      

        		

          1 Introduction

        



        		

          2 Relationship between extracellular vesicles and type IIIA chronic prostatitis

        

          		

            2.1 Origin and distribution of extracellular vesicles

          



          		

            2.2 Interaction between extracellular vesicles and prostate cells

          



          		

            2.3 The role of extracellular vesicles in type IIIA chronic prostatitis

          



        



        



        		

          3 Recent advances in the role of extracellular vesicles in the pathogenesis of type IIIA chronic prostatitis

        

          		

            3.1 Role of extracellular vesicles in inflammation regulation

          



          		

            3.2 Relationship between extracellular vesicles and proliferation and apoptosis of prostate cells

          



          		

            3.3 Interactions between extracellular vesicles and the prostate immune system

          



        



        



        		

          4 Exploration of extracellular vesicles as therapeutic targets for type IIIA chronic prostatitis

        



        		

          5 Conclusion/future directions for the field

        

          		

            5.1 In-depth exploration of extracellular vesicles mechanisms

          



          		

            5.2 Developing new therapeutic strategies based on extracellular vesicles

          



          		

            5.3 Assessing the potential of extracellular vesicles as biomarkers

          



          		

            5.4 Exploring the role of extracellular vesicles in different types of chronic prostatitis

          



        



        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu.2025.1496055_cover.jpg
, frontiers | Frontiers in Immunology

Research progress of extracellular
vesicles in the pathogenesis of
type IlIA chronic prostatitis





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-16-1496055-g003.jpg
I ImiR—1 246
9 —

Immunosuppression
EMT
Tumorigenesis

& o & @ |

Exosome TAM Mutp53
educated
TAM

Tumor
cell

Treg cell





OEBPS/Images/fimmu-16-1496055-g002.jpg
Apoptosis S

Small blebs form The nucleus, DNA, Apoptotic bodies are
and organelles break formed and organelles
off within blebs are still functional

Healthy cell

P
. ’ - -
Necrosis 4

Small blebs form and The blebs fuse and Cell lysis, organelle
and the structure of become larger, while no failure
the nucleus changes organelles are located in

the blebs





