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Abstract: Chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS) is a common and disabling urological disorder that

affects quality of life in men. Despite accounting for most prostatitis cases, its causes remain unclear, involving
immune dysregulation, oxidative stress, microbial factors, and epithelial barrier dysfunction. This uncertainty
complicates diagnosis and treatment.
Proteomics offers a high-throughput approach to identify proteins and pathways involved in CP/CPPS. Recent
studies have profiled urine, seminal plasma, prostatic secretions, and serum to uncover biomarkers linked to
inflammation, oxidative stress, and microbial virulence. These findings provide insights into molecular endo-
types, guide new classifications, and point toward novel therapeutic targets such as cytokine signaling, pyrop-
tosis pathways, and heat shock proteins. Although technical variability and small cohort sizes remain major
challenges, integration of proteomics with multi-omics platforms and explainable Al may transform CP/CPPS
management by enabling personalized diagnostics and targeted interventions.
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1. Introduction subclassification is limited, as white blood cell counts do
not reliably reflect symptom severity or disease course. The

Prostatitis is a common inflammatory condition of the multifactorial etiology of CP/CPPS—including infection, im-

prostate, affecting up to 50% of men at some point in their mune dysregulation, oxidative stress, and psychosocial fac-

lives. It presents a broad range of symptoms, including pelvic tors—has made diagnosis and treatment challenging. Cur-
rent therapies are often empirical and symptom-focused,

pain, urinary difficulties, and sexual dysfunction, leading to
with high recurrence rates (2, 3].

significant reductions in quality of life. The National In-
stitutes of Health (NIH) classifies prostatitis into four cate-
gories, with Type III chronic prostatitis/chronic pelvic pain
syndrome (CP/CPPS) accounting for 90-95% of cases [1].

CP/CPPS is further divided into Type Illa (inflammatory)
and Type IIIb (non-inflammatory) based on leukocyte pres-
ence in expressed prostatic secretions (EPS). However, this

In this review, we synthesize current evidence on proteomic
approaches in chronic prostatitis, focusing on inflamma-
tion, oxidative stress, immune dysregulation, epithelial bar-
rier dysfunction, and biomarker discovery. Our objective
is to highlight key molecular pathways, identify emerging
diagnostic and therapeutic targets, and discuss how pro-
teomics may contribute to precision medicine strategies for
CP/CPPS.

*Corresponding Author: Hasti Ahani; Address: Department of Surgery, Razi
Clinical Research Development Unit, Guilan University of Medical Sciences,
Rasht, Iran. Email: Hastyahany25@gmail.com.

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0).
Downloaded from: www.jmp.iums.ac.ir



S. Samenezhad et al.

2. Methodology

This review was conducted as a narrative review rather than a
systematic review because of the wide heterogeneity of pro-
teomic studies in chronic prostatitis, which differ in sam-
ple types, technologies, and study designs. A narrative ap-
proach allowed integration of molecular findings across di-
verse methodologies and facilitated synthesis of mechanistic
insights rather than focusing solely on study counts.

A targeted literature search was performed in PubMed, Sco-
pus, and Web of Science for studies published between 2000
and March 2025, using the following search terms:

» o« » o«

“chronic prostatitis,” “chronic pelvic pain syndrome”, “pro-
» o« . .

teomics”, “biomarkers”, “multi-omics”, “inflammation”, “ox-

idative stress”, “epithelial dysfunction”, and “molecular path-
ways.”

2.1. Inclusion criteria

¢ Peer-reviewed original studies or reviews applying pro-
teomic or multi-omics methods to chronic prostatitis or
related prostatic inflammation.

e Studies that investigated molecular
biomarker discovery, or therapeutic targets.

mechanisms,

¢ Both human and relevant animal model studies (distin-
guished in the text).

2.2. Exclusion criteria

¢ Non-English publications, case reports, editorials, or con-
ference abstracts without primary data.

« Studies focusing solely on prostate cancer, benign prostatic
hyperplasia, or infertility, unless they provided direct insight
into prostatitis-related mechanisms.

¢ The initial search yielded 227 articles. After screening ti-
tles and abstracts, 86 studies were selected for full-text re-
view. Of these, 54 studies were included in the final synthesis,
grouped thematically by:

* Sample type (urine, seminal plasma, prostatic fluid, serum)
¢ Molecular focus (inflammation, oxidative stress, tight junc-
tion proteins, microbial proteins)

¢ Analytical technique (LC-MS/MS, protein arrays, 2D-GE, la-
beling methods)

2.3. Inclusion criteria
3. Proteomics Overview

3.1. Definition & Difference from Genomic

Proteomics is the large-scale study of proteins expressed in a
cell or tissue at a given time, focusing on their identity, quan-
tity, and function. Unlike genomics, which analyzes the rela-
tively static DNA blueprint, proteomics captures the dynamic
protein landscape, reflecting real-time biological processes
and disease states [4, 5].

3.2. Inclusion criteria

Core Techniques in Proteomics

3.2.1. Mass Spectrometry (MS)

e The cornerstone of proteomics, MS enables large-scale
identification and quantification of proteins in health and
disease. To improve accuracy and comparability, different
quantification strategies have been developed:

e Label-free quantification (LFQ) compares peptide ion in-
tensities across runs [6].

¢ Stable isotope labeling by amino acids in cell culture
(SILAC) — metabolic labeling for precise relative quantitation
[6].

¢ Isobaric tags for relative and absolute quantitation (iTRAQ,
TMT) - chemical labeling methods enabling multiplexing of
up to 16 samples [6].

* Each method balances trade-offs in sensitivity, throughput,
and reproducibility [6].

3.2.2. 2D Gel Electrophoresis

Separates proteins by isoelectric point and molecular weight.
Although less sensitive for low-abundance proteins, it re-
mains useful when paired with MS [7].

3.2.3. LC-MS/MS (Liquid Chromatography-Tandem Mass
Spectrometry)

A widely used “bottom-up” proteomic method that digests
proteins into peptides before MS analysis. It offers high sen-
sitivity and proteome coverage, but requires robust compu-
tational pipelines to ensure reliable quantitation [8].

3.2.4. Protein Arrays

¢ High-throughput microarrays allow simultaneous mea-
surement of thousands of proteins, enabling functional anal-
ysis, protein—protein interaction mapping, and biomarker
discovery in clinical samples [9].

* A comparative summary of the major proteomic technolo-
gies, their strengths, limitations, and applications in prostati-
tis is provided in Table 1.

3.3. Sample Sources & Representative Studies in
Prostatitis

3.3.1. Urine

Urine proteomics, using advanced mass spectrometry-based
techniques such as dimethyl leucine isobaric labeling and
multidimensional protein identification technology, enables
detailed profiling of metabolic and protein changes as-
sociated with prostatic inflammation and lower urinary
tract symptoms. Quantitative studies in mouse models
showed significant alterations in fourteen metabolites and
one hundred sixty-eight proteins, including creatine, hap-
toglobin, immunoglobulin kappa constant, and polymeric
immunoglobulin receptor, which were consistent biomark-
ers linked to inflammation-induced symptoms. In human
samples of expressed prostatic secretions in urine, over one
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thousand proteins were identified, and a panel of forty-nine
prostate-enriched proteins was validated, with seven con-
firmed by Western blot analysis. These findings emphasize
urine’s value as a source of sensitive and specific biomarkers
for diagnosing and understanding the mechanisms of pro-
statitis [10-12].

3.3.2. Prostatic fluid

Prostatic fluid contains proteins indicative of local inflam-
mation. A study using tandem mass tag analysis found
377 proteins altered in fluid with abnormal lecithin bodies,
many linked to immune and inflammatory pathways, rel-
evant to chronic prostatitis. Proteomic profiling of prosta-
somes identified 139 mostly novel proteins, providing insight
into prostate-related diseases [13, 14].

3.3.3. Seminal plasma

Seminal plasma, a fluid primarily secreted by the prostate
and male accessory glands, serves as a critical sample source
for proteomic studies related to prostate health and repro-
ductive function. In prostatitis research, seminal plasma
samples from patients revealed 1708 proteins, including 59
potential biomarkers associated with inflammation, high-
lighting its utility in diagnosing and monitoring prostate in-
flammation. In studies of male infertility, seminal plasma
was analyzed to assess its antioxidant capacity [15]. Pro-
teomic profiling of seminal plasma from men with vary-
ing oxidative stress levels identified key proteins, such as
prolactin-induced protein, which were more abundant in
men with elevated reactive oxygen species, indicating sem-
inal plasma’s role in protecting sperm from oxidative dam-
age [16]. Furthermore, a detailed proteomic characterization
of seminal plasma from a healthy individual identified 923
proteins, mainly extracellular and originating from accessory
glands, underscoring seminal plasma as an important bio-
logical fluid for sperm viability and fertilization. These find-
ings establish seminal plasma as a rich and informative sam-
ple source for studying prostate-related diseases and male re-
productive health [17].

3.3.4 Serum

Serum is a critical sample source in prostatitis and prostate
cancer research, enabling proteomic analyses that iden-
tify differentially expressed proteins and potential biomark-
ers. Advanced mass spectrometry techniques applied to
serum samples reveal protein changes linked to disease
stages, treatment responses, and aggressiveness, highlight-
ing serum’s value for diagnostic and predictive biomarker
discovery [18]. Although each fluid provides unique insights,
many share common inflammatory and oxidative stress sig-
natures. A comparative overview of sample sources, repre-
sentative biomarkers, and clinical relevance is summarized
in Table 2.
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4. Proteomics Findings in Prostatitis

4.1. Inflammatory and Immune Markers

Proteomic analysis of human seminal plasma in prostati-
tis identified over 1700 proteins, with 59 showing signifi-
cant differential expression—many linked to immune path-
ways, including cytokines and inflammation regulators. In
murine models, prostate-specific inflammation altered uri-
nary levels of acute-phase proteins (e.g., haptoglobin, inter-
-trypsin inhibitor, 1-antitrypsin), reflecting systemic innate
immune activation. Additionally, human serum-derived
extracellular vesicle profiling in prostate cancer revealed
inflammation-related proteins (e.g., PD-L1, TGF-, Survivin)
and activation of MAPK/mTOR pathways, suggesting rele-
vance to chronic prostatic inflammation. Together, these
findings indicate that while animal models highlight con-
served immune mechanisms, human validation remains es-
sential for translational application [11, 19, 20].

4.2. Oxidative Stress and Metabolism

Proteomic analyses in human seminal plasma and urine
have identified dysregulation of oxidative stress-related pro-
teins, including mitochondrial stress markers and antioxi-
dant enzymes. Elevated reactive oxygen species (ROS) con-
tribute to epithelial damage, inflammation, and impaired
sperm function in patients with CP/CPPS. Animal model
studies of induced prostatitis similarly demonstrate oxidative
signatures, strengthening the mechanistic link between ROS
and inflammation. However, clinical translation requires
cautious interpretation, as animal oxidative profiles may not
fully reflect human disease heterogeneity [21-23].

4.3. Epithelial Barrier Dysfunction

Recent proteomic and molecular studies implicate tight
junction (TJ) disruption as a key feature in prostatitis and re-
lated prostatic disorders. Testosterone depletion—common
with aging or chemical castration—leads to decreased ex-
pression of TJ proteins such as Claudin-4 and Claudin-8,
compromising epithelial integrity and permitting inflamma-
tory infiltration. Restoration of testosterone reverses these
changes, reinforcing the androgen-dependent regulation of
epithelial barrier function. Similarly, in benign prostatic hy-
perplasia (BPH), elevated TGF-1 levels suppress Claudin-1
expression via the MEK/ERK signaling pathway, increasing
epithelial permeability.

From a clinical perspective, T] proteins represent both po-
tential biomarkers and therapeutic targets.

4.3.1. Diagnostics

Claudine alterations could be detected through non-invasive
assays (e.g., urine- or serum-derived extracellular vesicles),
enabling early identification of patients with epithelial bar-
rier dysfunction.
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4.3.2. Therapeutics

Modulating TJ pathways pharmacologically—for instance,
targeting TGF- signaling or using androgen restoration
strategies—could help restore barrier integrity, reduce in-
flammation, and improve symptoms.

4.3.3. Translational potential

Proteomic detection of TJ protein loss provides an avenue for
risk stratification in CP/CPPS, and clinical trials incorporat-
ing TJ modulators may clarify their role in therapy.

Together, these findings highlight tight junction proteins not
only as mechanistic drivers of barrier disruption but also
as clinically relevant candidates for biomarker development
and targeted therapy in chronic prostatitis [24-27].

4.4. Microbial Protein Signatures

Proteomic profiling of expressed prostatic secretions (EPS)
has revealed inflammation-associated changes in chronic
prostatitis, including elevated immune mediators, oxida-
tive stress proteins, and prostate-derived enzymes such as
PSA and PAP. These alterations suggest epithelial barrier dis-
ruption and immune activation, consistent with autoim-
mune features observed in CP/CPPS. In bacterial prostati-
tis, uropathogenic E. coli strains exhibit enriched virulence
protein expression, including papG allele III, foc, alpha-
hemolysin (hly), and cytotoxic necrotizing factor 1 (cnfl).
These microbial signatures contribute to prostatic coloniza-
tion, tissue damage, and persistent inflammation. Combined
host and pathogen proteomic analyses support a model in
which epithelial dysfunction and microbial virulence syn-
ergize in the pathogenesis of prostatitis, offering targets for
diagnostic and therapeutic development [28-31]. The key
molecular pathways and proteins identified through pro-
teomics are listed in Table 3.

The central circle represents the inflamed prostate, sur-
rounded by four major molecular mechanisms identified
via proteomics: inflammation (e.g., cytokines, TNF-), oxida-
tive stress (e.g., ROS-related enzymes), epithelial dysfunction
(e.g., Claudin proteins), and microbial virulence (e.g., bacte-
rial toxins, PSA/PAP). This infographic reflects the integrative
proteomic findings discussed in Section 3 (Figurel).

5. Clinical Applications
5.1. Diagnosis

5.1.1. Urine-Based Non-Invasive Biomarkers

Mass spectrometry-based proteomic and metabolomic anal-
yses have identified urinary biomarkers (e.g., haptoglobin,
creatine, Ig-related proteins) linked to prostatic inflam-
mation and LUTS. Seminal plasma proteins like PAEP also
show diagnostic promise. These findings support urine and
seminal fluids as non-invasive sources for differentiating
prostatitis subtypes [10, 32, 33].

5.1.2. Seminal Plasma Biomarkers as Non-Invasive Tools
for Prostatitis

Proteomic profiling of seminal plasma has revealed distinct
protein alterations in patients with chronic prostatitis. Stud-
ies using mass spectrometry identified over 50 potential
biomarkers, including PAEP, AZGP1, and SERPINF1, showing
differential expression compared to healthy controls. These
proteins, some also found in plasma, offer promise as non-
invasive markers for diagnosing and monitoring chronic
prostatitis. Further validation in human cohorts is needed to
confirm their clinical utility [15, 32, 34].

5.1.3. EPS and Post-DRE Urine Biomarkers

EPS-urine collected after DRE is rich in prostate-specific
proteins, with proteomic studies identifying over 1,000
proteins and a key panel of 49 prostate-enriched markers.
These proteins serve as promising non-invasive biomarkers
for prostate diseases. Metabolomic analysis of EPS and
plasma from CP/CPPS patients showed disrupted amino
acid and energy metabolism, especially tryptophan path-
ways, linked to symptoms like pain and depression. These
findings support EPS and post-DRE urine as valuable fluids
for diagnosing and managing prostatitis [35, 36].

5.1.4. Serum Biomarkers

Seminal plasma proteomics identified progestagen-
associated endometrial protein (PAEP) as a potential
biomarker, elevated in prostatitis and varying with age.
Metabolomic analysis of expressed prostatic secretions
(EPS) and plasma from CP/CPPS patients revealed disrupted
amino acid and lipid metabolism, especially tryptophan
pathways, linked to symptoms like pain and depression,
reflecting oxidative stress and immune dysfunction. In
a mouse model, urinary metabolomics and proteomics
found 14 metabolites and 168 proteins altered by prostate
inflammation. Conserved biomarkers such as creatine,
haptoglobin, and immunoglobulin kappa constantly corre-
lated with inflammation-related LUTS. For prostate cancer,
seminal plasma proteomics identified glutamine gamma-
glutamyltransferase 4 (TGM4) as a prostate-specific protein
outperforming PSA in diagnosis, especially in older men
with elevated PSA. TGM4 is promising for inclusion in multi-
marker panels [10, 32, 35, 37]. Although many proteomic
studies in prostatitis have identified promising biomarkers,
few provide quantitative diagnostic performance metrics
such as sensitivity, specificity, or area under the receiver
operating characteristic curve (AUC). This reflects the ex-
ploratory nature and small sample sizes of most current
studies. The lack of validated performance data limits imme-
diate clinical translation and underscores the need for large,
prospective cohort studies to determine diagnostic accuracy.
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5.2. Molecular Endotyping for Personalized
Therapy in Prostatitis

Molecular profiling using techniques such as NanoString
gene panels and metabolomics has revealed distinct expres-
sion patterns in CP/CPPS patients compared with healthy
individuals. Gene expression analyses of blood and urine
highlight neuroinflammatory, immune, and metabolic path-
way differences, while metabolomic studies of prostatic se-
cretions and plasma demonstrate disruptions in amino acid
and energy metabolism, particularly tryptophan pathways.
These molecular signatures support the classification of
CP/CPPS into specific endotypes.

From a therapeutic standpoint, endotyping holds promise
for tailoring treatment strategies:

¢ Immune-dominant endotypes (characterized by high cy-
tokine activity, e.g., TNF-, IL-1) may respond better to im-
munomodulators or biologics.

¢ Oxidative stress—dominant endotypes (elevated ROS, mi-
tochondrial dysfunction) could benefit from antioxidant or
mitochondrial-targeted therapies.

¢ Neuroinflammatory endotypes (altered neuropeptide and
tryptophan metabolism) may be candidates for neuromodu-
lators or gut-brain axis interventions.

¢ Barrier dysfunction endotypes (loss of claudins, increased
permeability) may benefit from therapies aimed at restoring
epithelial integrity or modulating TGF- signaling.

¢ Future clinical protocols could integrate proteomic and
metabolomic profiling into diagnostic workups, allowing pa-
tients to be stratified into endotypes that predict treatment
response. This precision medicine approach mirrors strate-
gies already being tested in asthma and inflammatory bowel
disease, and it may guide the development of personalized,
multimodal therapies for prostatitis [35, 38-41].

5.3. Therapeutic Targets

Several potential therapeutic targets identified through pro-
teomic studies are still in the early stages of investigation,
mostly in preclinical models. These include:

5.3.1. Inflammatory Cytokines (TNF-, IL-1):
Cytokine-targeting aptamers (ICTAs) have demonstrated the
ability to neutralize inflammation and reduce pain in pre-
clinical models of prostatitis. Though these agents show
promise, clinical data is still limited. Early-phase clinical tri-
als are currently underway to assess their safety and efficacy
in humans.

Research Stage: Preclinical, with early-phase human trials in
progress [42].

5.3.2. Pyroptosis Pathway (Caspase-1, NLRP3):

Inhibiting the pyroptosis pathway—an inflammatory form of
programmed cell death—has proven effective in preclinical
models, offering potential for reducing tissue damage and in-
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flammation in prostatitis. These therapies remain preclinical
and have not yet entered human clinical trials.

Research Stage: Preclinical [43].

Heat shock proteins, which help protect cells from oxidative
stress and modulate inflammatory responses, are being ex-
plored for their potential to manage prostatitis. Though pre-
clinical studies suggest they may be beneficial, human clini-
cal data are not yet available.

Research Stage: Investigational (Preclinical stage) [44, 45].
Together, these findings suggest that targeting inflammatory
cytokines, pyroptosis pathways, and molecular chaperones
such as HSPs represents a multifaceted approach to devel-
oping effective therapies for prostatitis and related prostate
diseases. Table 4 summarizes the major biomarkers iden-
tified through proteomic analysis in different biological flu-
ids (urine, seminal plasma, EPS, serum) in CP/CPPS. While
many of these biomarkers show promise for differentiating
prostatitis subtypes, most studies have not reported perfor-
mance metrics such as sensitivity, specificity, or AUC. These
biomarkers are still being explored in clinical settings, and
larger, prospective studies are necessary to validate their
diagnostic utility. Clinical relevance is primarily based on
their ability to reflect inflammatory, oxidative, and immune-
related processes, which may assist in distinguishing chronic
prostatitis from other prostate conditions or diseases.

Table 5 lists the therapeutic targets identified through pro-
teomic studies in chronic prostatitis. These targets, including
inflammatory cytokines (e.g., TNF-, IL-1), pyroptosis path-
way regulators, and heat shock proteins (HSPs), are currently
under investigation in preclinical models. Although they of-
fer potential therapeutic avenues, these targets have not yet
been validated in large-scale clinical trials. Most of these in-
terventions are still at preclinical stages, with some entering
early-phase human trials. Their clinical relevance lies in their
ability to modulate the inflammatory and immune pathways
that drive prostatitis. Future clinical trials will be crucial in
determining their safety and efficacy for broader use in man-
aging CP/CPPS.

6. Challenges and Limitations

Despite significant advances in proteomic technologies, their
application in chronic prostatitis research and clinical man-
agement is still limited by several challenges:

6.1. Sample Variability

Biological samples like urine, seminal plasma, and expressed
prostatic secretions can vary greatly in composition, poten-
tially complicating protein profiling. Contamination and
degradation issues further exacerbate these challenges, mak-
ing reproducibility a concern across studies.
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6.2. Small Sample Sizes

Most proteomic studies in prostatitis are based on small pa-
tient cohorts, which reduces the statistical power and gen-
eralizability of the findings. Larger, multicenter studies are
needed to confirm the clinical utility of identified biomark-
ers.

6.3. High Cost and Accessibility in Low-Resource
Settings

Advanced proteomic techniques, such as mass spectrom-
etry and high-throughput protein arrays, are often cost-
prohibitive. These technologies require specialized equip-
ment, trained personnel, and significant financial invest-
ment, which are not available in many low-resource settings.
This poses a major barrier to the widespread adoption of pro-
teomics for routine diagnostics, especially in regions where
healthcare funding is limited.

6.4. Standardization and Protocol Variability

The lack of standardized protocols for sample collection,
processing, and data analysis hampers cross-study compar-
isons. This variability complicates efforts to translate pro-
teomic findings into clinically actionable biomarkers or ther-
apeutic targets.

Overcoming these challenges will require international col-
laboration, standardized protocols, and innovative solutions
to make proteomic platforms more cost-effective and acces-
sible in clinical settings, particularly in underfunded regions
[46-49].

7. Future Directions

Advances in multi-omics technologies—including genomics,
transcriptomics, proteomics, metabolomics, and macrobi-
otics—offer a more comprehensive understanding of chronic
non-bacterial prostatitis (CNP). Integration of these plat-
forms can reveal complex molecular interactions underlying
inflammation, immunity, metabolism, and the gut-prostate
axis, as shown in recent studies linking CNP to changes in
gut microbiota, gene expression, and DNA methylation. Lon-
gitudinal proteomic studies and urinary biomarker profiling
hold promise for non-invasive diagnostics and monitoring of
disease progression. Meanwhile, Al and deep learning are
increasingly used to analyze multi-omics data, though chal-
lenges in model interpretability persist. The application of
explainable AI (xAI) may improve clinical relevance by mak-
ing these models more transparent and actionable [11, 50-
54].

Together, these developments pave the way for personal-
ized medicine in prostatitis, shifting research toward integra-
tive, data-driven approaches that enable precision diagnos-
tics and targeted therapies.

8. Conclusion

Proteomics has shown great potential in uncovering the
molecular mechanisms underlying chronic prostatitis, par-
ticularly in identifying biomarkers linked to inflammation,
oxidative stress, immune dysregulation, and epithelial bar-
rier dysfunction. These findings open the door to person-
alized diagnostics and targeted therapies, offering hope for
better disease management.

However, despite the promising results, the clinical utility of
these proteomic biomarkers remains limited due to several
factors:

* Small sample sizes and a lack of large validation cohorts
hinder the ability to draw definitive conclusions about their
diagnostic accuracy and therapeutic potential.

¢ Standardization issues in sample collection, processing,
and analysis further complicate their integration into routine
clinical practice.

» While early studies suggest the utility of biomarkers in strat-
ifying patients and guiding treatment, these results need to
be validated in larger, multicenter studies before proteomics
can be confidently applied in clinical settings.

Thus, while proteomics offers exciting possibilities, it is im-
portant to approach its application in chronic prostatitis with
caution until more robust data become available from well-
powered clinical trials. Future research should focus on stan-
dardizing protocols, improving reproducibility, and conduct-
ing large-scale studies to confirm the clinical relevance and
efficacy of these biomarkers in diverse patient populations.
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factors

Technique |Principle Strengths Limitations Applications in Prostatitis

Label-free | Peptide ion intensity compar- | Simple, no labeling needed | Sensitive to technical variabil- | Biomarker discovery in urine,

MS ison ity serum

SILAC Incorporation of isotopes in |Accurate, reproducible Limited to cultured cells Mechanistic pathway analysis

cell culture

iTRAQ/TMT | Chemical isobaric tagging High multiplexing, quantita- |Expensive, ratio distortion|Comparative analysis across
tive possible patient groups

2D-PAGE Separation by pI and MW Resolves protein isoforms Low sensitivity for rare pro-|Seminal plasma profiling

teins

LC-MS/MS | Peptide separation + MS/MS | High sensitivity, broad cover- | Complex data analysis Major tool for clinical pro-
age teomics

Protein Ar- | Antibody-based microarrays |High-throughput, functional |Requires validated antibodies | Screening inflammatory cy-

rays tokines, HSPs

1) 5PH Sample Sources and Key Biomarkers Identified via Proteomics

Sample Source |Key Biomarkers Identified Associated Mechanisms Clinical Relevance

Urine Haptoglobin, Creatine, IgG, IgA, poly- | Inflammation, LUTS, oxidative stress |Non-invasive, reflects local and sys-
meric Ig receptor temic inflammation

Prostatic Fluid | PSA, PAP, Lecithin body proteins Local immune activation, epithelial | Directly reflects prostatic milieu

changes

Seminal Plasma |PAEP, AZGP1, SERPINF1, Prolactin- [Inflammation, oxidative stress, infer- | Biomarkers of oxidative damage and
induced protein tility reproductive impact

Serum Cytokines (IL-6, TNF-), HSP70, HSP90, | Systemic immune activation, stress re- | Useful for systemic biomarker panels
extracellular vesicle proteins sponse and prognostic models
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e EEH Key Molecular Pathways Identified in CP/CPPS

10

Biological Process Molecular Players/Proteins Identified Role in Pathogenesis References
Inflammation TNF-, IL-1, TGF-, PD-L1, Survivin Drives chronic immune response [19, 20, 42]
Oxidative Stress ROS, Antioxidant enzymes Mitochondrial | Tissue damage, sperm dysfunction [21-23]
stress markers
Tight Junction Dysfunction Claudin-1, Claudin-4, TGF-1 Barrier breakdown, immune infiltration [24-27]
Pyroptosis Pathway Caspase-1, NLRP3, IL-18 Inflammatory cell death, tissue injury [43]
Heat Shock Proteins HSP70, HSP90 Inhibit ROS, stabilize proteins, reduce in- | [44-45]
flammation
Clinical Application of Proteomics in Prostatitis
Diagnostic Source Key Biomarkers Diagnostic Utility References
Urine Haptoglobin, Creatine Non-invasive diagnosis of inflammation [10, 32]
Seminal Plasma PAEP, AZGP1 Subtype differentiation [15, 34]
EPS/Post-DRE Urine 49 protein panel Prostate-specific diagnosis [35, 36]
Serum TGM4, PAEP Risk stratification, age-specific insights [37]

Note: While the table highlights key biomarkers and their potential diagnostic roles, most studies did not report detailed

performance metrics (e.g., AUC, sensitivity, specificity). These gaps should be considered when interpreting clinical utility.

k1) 551 Therapeutic Targets Emerging from Proteomic Studies

Target Class Example Molecules Mode of Action Research Stage
Inflammatory Cytokines TNF-, IL-1 Neutralized by aptamers to reduce inflammation Preclinical
Pyroptosis Pathway Caspase-1, NLRP3 Suppression prevents cell death and cytokine storm Experimental
Heat Shock Proteins HSP70, HSP90 Reduce ROS, protect cells from stress Investigational

Note: Most of the therapeutic targets listed are at preclinical stages, with some undergoing early-phase human trials.
Larger clinical studies are needed to determine the effectiveness and safety of these interventions in CP/CPPS patients.
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