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Abstract

Research on prostatitis has primarily focused on inflammatory cytokines in semen or prostatic secretions, with relativelyQ
studies investigating circulating inflammatory cytokines. To explore the relationship between prostatitis and circulating inflammatory
cytokines, this study employed bidirectional two-sample Mendelian randomization (MR) to assess the potential associations
between prostatitis and 91 circulating inflammatory cytokines. We performed bidirectional MR to explore causal links between
91 circulating inflammatory cytokines and prostatitis. Data were sourced from 14,824 individuals of European ancestry and the
Finngen database for prostatitis. The inverse variance-weighted (IVW) method was the primary tool, complemented by MR-Egger,
weighted median, weighted mode, and MR-PRESSO to enhance result robustness. Heterogeneity and pleiotropy evaluations
were conducted, and GO/KEGG enrichment analyses were used to explore the biological pathways linked to these inflammatory
factors and prostatitis. The MR results revealed that Interleukin-10 receptor A (IL-10RA), Natural Killer Cell Receptor 2B4 (CD244),
and urokinase-type plasminogen activator (UPA) were identified as risk factors for prostatitis (IVW, , -,: OR = 1.242, 95% Cl: 1.043-
1.478, P=.015; MW,,,; OR =1.143, 95% CI: 1.002-1.305, P =.047; IVW ..: OR = 1.141, 95% Cl: 1.009-1.290, P = .035).
Conversely, Interleukin-12B (IL-12B) exhibited a protective effect against prostatitis (IVW, ,.: OR = 0.909, 95% CI: 0.842-0.981,
P =.014). Moreover, reverse MR analysis results indicate that prostatitis decreases plasma levels of chemokine (C-C moitif) ligand
23 (CCL23), IL-5, and TNF-related activation-induced cytokine (TRANCE) (IVW : OR = 0.949, 95% CI: 0.906-0.993, P = .025;

CCL23"

IVW, .: OR = 0.938, 95% CI: 0.890-0.988, P = .016; IVW_, .- OR = 0.947, 95% CI: 0.905-0.992, P = .021). This bidirectional
MR study identified potential causal links between 7 circulating inflammatory cytokines and prostatitis, offering insights into its

pathogenesis and potential targets for future therapies.

Abbreviations: CC = cellular components, CCL23 = chemokine (C-C moatif) ligand 23, CD244 = Natural Killer Cell Receptor
2B4, Cl = confidence interval, CP/CPPS = chronic prostatitis/chronic pelvic pain syndrome, GO = gene ontology, GWAS =
genome-wide association studies, IL-10RA = Interleukin-10 receptor A, IL-12B = Interleukin-12B, IL-5 = Interleukin-5, IV =
instrumental variables, IVW = inverse variance-weighted, KEGG = kyoto encyclopedia of genes and genomes, MR = Mendelian
randomization, NK cells = natural killer cells, OR = odds ratio, SNP = single nucleotide polymorphisms, TRANCE = TNF-related
activation-induced cytokine, uPA = urokinase-type plasminogen activator.

Keywords: acupuncture, biomarkers, causal relationship, inflamsnmation, Mendelian randomization, prostatitis

among prostate diseases, following benign prostatic hyperpla-
sia and prostate cancer.>* Currently, the etiology of CP/CPPS
remains unclear, but hidden pathogen infections, abnormal
autoimmune responses, neural stimulation, and psychological

1. Introduction

The prevalence of inflammatory diseases of the prostate is high,!
with chronic prostatitis/chronic pelvic pain syndrome (CP/

CPPS) being the most common, accounting for approximately
90% of all cases of prostatitis.”! It ranks third in prevalence
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factors are believed to be associated with its onset.*! Patients
often experience pain, lower urinary tract symptoms, sexual
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dysfunction, and psychological disorders.’! Moreover, studies
have shown a significant association between CP/CPPS and
male infertility.l5! Patients diagnosed with CP/CPPS frequently
demonstrate reduced semen quality, which may be closely related
to inflammatory processes and pathogen infections.!®”! Elevated
levels of inflammatory cytokines, such as interleukins and tumor
necrosis factor, are often detected in the semen and blood of
male infertility patients,'® which may impair spermatogenesis
and affect sperm function. To elucidate the reasons for the per-
sistent chronic inflammation in CP/CPPS, previous research has
focused on investigating inflammatory cytokines in the semen
or in prostatic secretions of patients, neglecting the situation of
inflammatory cytokines in the blood plasma.®-!!l Therefore, the
reference value of these research results is limited for evaluating
systemic psychological and neurological symptoms in CP/CPPS.

Mendelian randomization (MR) analysis is an analytical
method similar to a randomized controlled trial, which uses
instrumental variables (IVs) from non-experimental datasets to
assess causality. MR relies on the random allocation of alleles
during genetic inheritance to avoid potential confounding fac-
tors and reverse causality, thus providing more reliable causal
analysis results.!'?! This study utilized genetic variants from
genome-wide association studies (GWAS) of 91 inflammatory
cytokines, conducting bidirectional two-sample MR analyses to
explore their causal relationships with prostatitis.

2. Materials and methods

2.1. MR assumptions

We utilized 91 GWAS to filter single nucleotide polymorphisms
(SNPs) associated with 91 inflammatory cytokines and prosta-
titis. The filtered SNPs were then utilized as IVs in MR analy-
sis. The selected IVs must meet 3 fundamental assumptions: IVs
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must be associated with the risk factor; IVs must be indepen-
dent of any confounding factors between the risk factor and
the outcome; and IVs must only affect the outcome through the
risk factor instead of any other pathway.!"¥! Any IVs violating
these 3 fundamental assumptions were excluded. This study
proceeded with the following steps to complete the MR analy-
sis. Initially, 91 inflammatory cytokines were used as exposures
to investigate their potential causal relationship with prosta-
titis risk. Subsequently, prostatitis was set as the exposure to
explore the potential reverse causal relationship with inflamma-
tory cytokines. An overview of the research design is provided
in Figure 1.

2.2. Instrumental variable selection

Firstly, we set the SNP threshold associated with inflamma-
tory cytokine phenotypes at P < 5 x 10-6.["* Secondly, we per-
formed clump processing (kb = 10000, 7> = 0.001)"* on these
selected SNPs to alleviate the impact of linkage disequilibrium.
For SNPs associated with prostatitis, we applied the same
threshold at P < 5 x 10-° and conducted identical clump pro-
cessing (kb = 10000, 72 = 0.001). F-statistic computation was
conducted for each SNP after removing linkage disequilibrium.
SNPs with an F-statistic lower than 10 were removed to reduce
bias from weak instrumental variables. Moreover, we searched
for the secondary phenotype of the remaining SNPs on the
Phenoscanner database (https://www.phenoscanner.medschl.
cam.ac.uk) and excluded SNPs potentially associated with
confounding factors.

2.3. Data source

The GWAS of 91 inflammatory cytokines originated from
a study by Zhao Jinghua et al published in 2023, which
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Figure 1. Overview of research design. Assumptioni: IVs must be associated with the risk factor. Assumption2: Vs must be independent of any confounding
factors between the risk factor and the outcome. Assumption3: IVs must only affect the outcome through the risk factor instead of any other pathway. IV =
instrumental variables, MR analysis = Mendelian Randomization analysis, SNPs = single nucleotide polymorphisms.
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conducted a genome-wide protein quantitative trait locus
mapping analysis on 14,824 European ancestry participants.
The study utilized protein quantitative trait locus information
within = 1 Mb of 91 plasma inflammatory cytokine genes for
91 GWAS. The summary statistics data of GWAS for pros-
tatitis were obtained from Finngen (https://r10.finngen.fi/),
which included 4160 cases and 130,139 controls, totaling
21,278,463 SNPs. Prostatitis patients were identified based
on International Classification of Diseases, Tenth Revision
codes. The selected GWAS were conducted on European
ancestry participants, thus mitigating bias due to population
stratification.

2.4. Statistical analysis

The study applied R (version 4.3.2) environment and conducted
Mendelian Randomization analysis using the TwoSampleMR
(version 0.5.8) and MRPRESSO (version 1.0) packages. In
the MR analysis, to investigate the relationship between
inflammatory cytokines and prostatitis, we employed inverse
variance-weighted (IVW), MR-Egger, weighted median,
weighted mode, and MR-Presso methods for analysis. In the
reverse MR analysis, the same methods were used to explore
the causal relationship between prostatitis and inflammatory
cytokines. IVW is a method in MR with strong capability of
assessing causal relationships.['®! It requires all SNPs to meet
the basic assumptions of instrumental variables and estimates
their effects.!'”! Due to its robust testing capability, the results
of the IVW method were considered as the primary results
of this study. However, the assumption that all genetic vari-
ations are effective instrumental variables may be challenging
in practice. Therefore, MR-Egger, weighted median, weighted
mode, and MR-Presso methods were used to assist in assessing
IVW estimates. Furthermore, the results of IVW require SNPs
to exhibit the same level of horizontal pleiotropy to avoid the
influence of confounding factors. Because of the limitations of
the IVW method, it is necessary to test for heterogeneity and
pleiotropy in sensitivity analyses. Heterogeneity was assessed
by evaluating Cochrane’s Q statistic in the MR-IVW and
MR-Egger models (P > .05 indicates no heterogeneity). For
pleiotropy, the MR-Egger method was used, with the criterion
being the absence of a significant difference from zero in the
intercept term (P < .05), indicating no pleiotropy. Additionally,
MR-PRESSO was utilized to detect and remove outlier SNPs,
correct for horizontal pleiotropy, and provide more reliable
causal estimates. Lastly, leave-one-out analysis was conducted
by sequentially removing each SNP to explore the impact of
individual SNPs on causal associations.

2.5. Gene ontology (GO) and kyoto encyclopedia of genes
and genomes (KEGG) pathway analyses
The results of the MR analysis were selected for enrichment

analysis to interpret the functions of related genes from the
perspectives of biological processes, cellular components (CC),
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and molecular functions. GO and KEGG analyses were used to
investigate the biological pathways associated with prostatitis
induction by inflammation factor genes that were positive in the
MR analysis.

2.6. Ethics statement

Since all these data are publicly available, ethical approval is not
required for this study.

3. Result

3.1. The selection results of instrumental variables

In the MR analysis, we selected SNPs from the dataset of 91
inflammatory cytokines according to the above 3 basic assump-
tions, and here only positive results are presented. Taking
IL-10RA cytokine as an example, 11 SNPs were selected from
the corresponding GWAS dataset, which are strongly associ-
ated with IL-10 cytokine (P <35 x 10-°). Following that, the
linkage disequilibrium of the SNPs (kb = 10,000, 7> =0.001)
was removed, and they were intersected with the prostatitis
GWAS dataset. After harmonizing 11 SNPs, a palindromic SNP
(rs1406714) was removed. Using the PhenoScanner database,
SNPs associated with other risk factors for prostatitis such as
“smoking, drinking, BMI,”'* or with the second phenotype
associated with other prostate diseases were removed. Because
(rs10091841) was associated with BMI, it was removed. The
F values of the remaining SNPs were examined, ranging from
20.45 to 47.99, indicating no weak instrumental variables.
MR-PRESSO analysis did not find any outliers. Finally, we
obtained 9 SNPs to serve as instrumental variables for evaluat-
ing the causal relationship between the IL-10RA cytokine and
prostatitis. For detailed information on SNPs related to other
positive results, please refer to Table 1. In the reverse MR anal-
ysis, the prostatitis GWAS was processed according to the same
parameters (P <5 x 107, kb =10000, 7>=0.001). The SNPs
removed through the PhenoScanner database were associated
with inflammatory diseases. For detailed information on SNPs
related to positive results, please refer to Table 2.

3.2. Outcomes of Mendelian randomization

We initially investigated the impact of 91 inflammatory cyto-
kines on prostatitis, with specific results displayed in Figure 2.
The TVW method revealed causal relationships between
4 inflammatory cytokines and prostatitis. The IVW anal-
ysis results for IL-TORA (IVW, . OR = 1242, 95% CI:
1.043-1.478, P = .015), CD244 (IVW__: OR = 1.143,95%
CI: 1.002-1.305, P =.047), and uPA (IVW , : OR = 1.141,
95% CI: 1.009-1.290, P =.035) indicated positive associ-
ations with the risk of prostatitis. The IVW analysis result
for IL-12B (IVW, ,.: OR =0.909, 95% CI: 0.842-0.981,
P =.014) demonstrated a negative correlation with the risk
of prostatitis. Notably, other results for IL-12B (MR Egger:
OR =0.845, 95% CI: 0.755-0.945, P =.008; weighted

Summary of inflammatory cytokines causally associated with prostatitis.

Exposure QOutcome Initial/inclusion SNPs MR-PRESSO P-Global F Confounding SNPs Palindrome sequence
IL-10RA Prostatitis 11/9 0.805 20.45-47.99 rs10091841 rs1406714
IL-12B Prostatitis 28/23 0.437 20.68-1162.50 rs11039216 NA
rs117888068
rs3130510 rs3184504 rs705705
CD244 Prostatitis 21/20 0.815 20.91-303.69 rs3184504 NA
uPA Prostatitis 21/20 0.805 21.37-201.10 rs597808 NA

(D244 = Natural Killer Cell Receptor 2B4, IL-10RA = Interleukin-10 receptor A, IL-12B = Interleukin-12B, uPA = urokinase-type plasminogen activator.
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median: OR =0.884, 95% CI: 0.810-0.965, P =.006;
weighted mode: OR =0.887, 95% CI: 0.811-0.969,
P =.015;) also indicated a negative association with the risk
of prostatitis. The scatter plots for the Mendelian randomiza-
tion analysis of the aforementioned 4 inflammatory cytokines
are shown in Figure 3, while all MR analysis results are pre-
sented as a heatmap in Figure 4.

For the reverse MR results, they are displayed in Figure S.
The IVW method revealed causal relationships between pros-
tatitis and 3 inflammatory cytokines. The IVW analysis results
for CCL23 (IVW,,,: OR =0.949, 95% CI: 0.906-0.993,
P=.025), IL-5 (IVW : OR =0.938, 95% CI: 0.890-0.988,
P =.016), and TRANCE (VW : OR =0.947, 95% CI:
0.905-0.992, P = .021) indicated a decrease in their expression
levels in the plasma of prostatitis patients. The scatter plots
for the Mendelian randomization analysis of the aforemen-
tioned 3 inflammatory cytokines are shown in Figure 6, while
all reverse MR analysis results are presented as a heatmap in
Figure 7.

The specific SNP information for inflammatory factors asso-
ciated with prostatitis included in the MR and reverse MR anal-
yses can be found in the File S1, Supplemental Digital Content,
https://links.lww.com/MD/O884.
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3.3. The Result of GO and KEGG pathway analyses

GO functional enrichment analysis revealed 25 significantly
enriched GO terms, including 10 biological processes primarily
involved in the regulation of the immune system, signal trans-
duction via the JAK-STAT pathways, and the activation of nat-
ural killer (NK) cells and their roles in immune responses; 10
CC were mainly associated with the external side of the plasma
membrane, granule membrane, and endosomal lumen; 5 molec-
ular functions were primarily related to immune receptor activ-
ity and cytokine and receptor binding. KEGG pathway analysis
indicated that the 4 inflammation factors positive in the MR
analysis were primarily involved in the regulation of the JAK-
STAT signaling pathway in immune responses and disease, as
well as cytokine-cytokine receptor interactions. Figure 8 dis-
plays the results of GO terms and KEGG terms.

3.4. Quality assurance

To assess the robustness of our study results, we conducted sen-
sitivity analyses, including MR-Egger regression and Cochran’s
Q test. The MR analysis results are presented in Table 3, and
the reverse results are shown in Table 4. Our findings indi-
cate no evidence of heterogeneity or pleiotropy in the study.

Summary of prostatitis causally associated with inflammatory cytokines.

Exposure Outcome Initial/inclusion SNPs MR-PRESSO P-Global F Confounding SNPs Palindrome sequence
Prostatitis CCL-23 22/21 0.896 17.50-29.41 rs11642009 NA
Prostatitis IL-5 22/21 0.956 17.50-29.41 rs11642009 NA
Prostatitis TRANCE 22/21 0.437 17.50-29.41 rs11642009 NA
CCL23 = chemokine (C-C motif) ligand 23, IL-5 = Interleukin-5, TRANCE = TNF-related activation-induced cytokine.
exposure nsnp method pval OR(95%CI)
IL-10RA 9 Inverse variance weighted 0.015 :l—'—i 1.242(1.043 to 1.478)
MR Egger 0.500 l—:—'—i 1.108(0.835 to 1.472)
Weighted mode 0.159 ——t 1.211(0.951 to 1.541)
Weighted median 0.118 f':—'—i 1.203(0.956 to 1.516)
IL-12B 23 Inverse variance weighted 0.014 '-'-': 0.909(0.842 to 0.981)
MR Egger 0.008 t—=— : 0.845(0.755 to 0.945)
Weighted mode 0.015 == 0.887(0.811 to 0.969)
Weighted median 0.006 l-'-t: 0.884(0.810 to 0.965)
CD244 20 Inverse variance weighted 0.047 ll—'—l 1.143(1.002 to 1.305)
MR Egger 0.389 t—:—-—c 1.130(0.862 to 1.481)
Weighted mode 0.388 —t—— 1.104(0.886 to 1.376)
Weighted median 0.258 ’-:—'—1 1.118(0.922 to 1.355)
uPA 20 Inverse variance weighted 0.035 }—H 1.141(1.009 to 1.290)
MR Egger 0.442 l—:—'—i 1.109(0.857 to 1.435)
Weighted mode 0.260 ——— 1.136(0.916 to 1.408)
Weighted median 0.145 ":—'—( 1.142(0.955 to 1.366)
p<0.05 was considered statistically significant 0_.|‘25 O.IS ’{ 1 ..|25 1 .IS 2I
protective factor risk factor

Figure 2. The forest plot illustrates the results of MR analysis on the impact of 91 cytokines on prostatitis. Cl = confidence interval, MR analysis = Mendelian
Randomization analysis, OR = odds ratio, SNP = single nucleotide polymorphism.
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Figure 3. This heatmap illustrates the MR analysis outcomes concerning the influence of 91 inflammatory cytokines on prostatitis. It includes the names of
all inflammatory cytokine phenotypes and the P values of 4 MR analyses, along with the corresponding OR values from the IVW analysis method. The outer
circle represents the names of the inflammatory cytokine phenotypes, while the middle circle uses different colors to indicate the P value results of different
MR analyses. The inner circle employs various colors to represent the OR value results from the IVW analysis. VW = inverse variance-weighted, MR analysis =

Mendelian Randomization analysis, OR = odds ratio.

Further validation of the consistency of results was achieved
through leave-one-out analysis, where SNPs were sequentially
removed and MR estimates were reassessed. Figure 9 displays
the leave-one-out analysis plots for the 4 inflammatory cyto-
kines obtained from the MR analysis, while Figure 10 shows
the leave-one-out analysis plots for the 3 inflammatory cyto-
kines obtained from the reverse MR analysis. The previously
conducted MR-PRESSO analysis further confirmed this consis-
tency. Overall, our study’s findings exhibit robustness through
these analyses.

4. Discussion

Our study indicates that in MR analysis, 4 inflammatory
cytokines are associated with the development of prostati-
tis. Interleukin-10 receptor A (IL-10RA), Natural Killer Cell
Receptor 2B4 (CD244), and urokinase-type plasminogen acti-
vator (uPA) may contribute to the occurrence of prostatitis,
while Interleukin-12B (IL-12B) appears to serve as a protective
factor against it. Reverse MR analysis suggests that prostati-
tis can reduce the levels of 3 inflammatory cytokines: chemo-
kine (C-C motif) ligand 23 (CCL23), IL-5, and TNF-related
activation-induced cytokine (TRANCE).

In prostatitis, CP/CPPS is considered the most common and
prevalent type, representing the highest proportion among
prostatitis cases. Currently, there is no definitive gold standard
for diagnosing CP/CPPS because bacterial cultures of prostatic
secretions in CP/CPPS patients are typically negative, yet it is
still believed that other pathogenic microorganisms may cause
the infection.”)’ Common examples include chlamydia and
viruses among other pathogenic microorganisms,>!$ all of
which reside intracellularly. Due to the noninvasive nature of
prostatitis examinations, it is challenging to detect intracellular

pathogens. Studies suggest that after infection with chlamydia
and viruses, they are difficult to completely clear and can
persist in the human body for prolonged periods.?’ The per-
sistent infection of these pathogens in prostate cells indicates
their immune evasion capability, closely linked to the cytokines
secreted by immune cells.

The IL-10 receptor is composed of IL-10RA dimers and
IL-10 receptor B (IL-10RB) dimers. IL-10RA specifically binds
to IL-10, while IL-10RB, due to its low affinity, can bind not
only to IL-10 but also to other cytokines in the IL-10 family.222!
IL-10 is considered a factor in inflammation and immune sup-
pression, and it also regulates cell growth and differentiation,
making it a multifunctional cytokine. IL-10 may lead to chronic
inflammation by inhibiting the proliferation of CD4+ and
CD8+ T cells,?! potentially resulting in the infection of latent
pathogens such as Chlamydia trachomatis and viruses within
the prostate or reproductive tract.?*?! MR analysis indicates
no causal relationship between IL-10, IL-10RB, and prostatitis,
while IL-10RA is identified as a risk factor for prostatitis. The
differences in MR analysis results may be related to their affinity
in IL-10 signaling. IL-10, due to its specific binding and activa-
tion of IL-10RA, subsequently activates the JAK-STAT3 path-
way, phosphorylating kinase Jak1 to exert its biological effects,
inhibiting Th1 cells, and thereby suppressing the immune sys-
tem’s clearance of pathogens.?!! Therefore, modulating the
interaction between IL-10 and the IL-10RA receptor could be a
potential therapeutic approach for CP/CPPS.

uPA is a cytokine capable of activating the fibrinolysis sys-
tem, promoting cell migration, and regulating inflammation.
Numerous studies have elucidated that uPA promotes cell
migration and the spread of prostate cancer.?% In this study,
MR analysis demonstrated that uPA is a risk factor for pros-
tatitis, a condition considered to be a risk factor for prostate
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Figure 4. scatter plots (A) IL-10RA on prostatitis; (B) IL-12B on prostatitis; (C) CD244 on prostatitis; (D) uPA on prostatitis. CD244 = Natural Killer Cell Receptor
2B4, IL-10RA = Interleukin-10 receptor A, IL-12B = Interleukin-12B, uPA = urokinase-type plasminogen activator.
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Weighted mode 0.556 "':" 0.969(0.875 to 1.074)
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Figure 5. The forest plot illustrates the results of MR analysis on the impact of prostatitis on 91 cytokines. Cl = confidence interval, MR analysis = Mendelian
Randomization analysis, OR = odds ratio, SNP = single nucleotide polymorphism.
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Figure 6. This heatmap illustrates the MR analysis outcomes concerning the influence of prostatitis on 91 inflammatory cytokines. It includes the names of
all inflammatory cytokine phenotypes and the P values of 4 MR analyses, along with the corresponding OR values from the IVW analysis method. The outer
circle represents the names of the inflammatory cytokine phenotypes, while the middle circle uses different colors to indicate the P value results of different
MR analyses. The inner circle employs various colors to represent the OR value results from the IVW analysis. IVW = inverse variance-weighted, MR analysis =

Mendelian Randomization analysis, OR = odds ratio.
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Figure 7. Scatter plots (A) prostatitis on CCL23; (B) prostatitis on IL-5; (C) prostatitis on TRANCE. CCL23 = chemokine (C-C motif) ligand 23, IL-5 = Interleukin-5,
TRANCE = TNF-related activation-induced cytokine.

[l

IL-2RB
IL-33

i IL-q

TGF-alpha

cancer.””! Guo et al®®® discovered that uPA-activated plasmin-
ogen can activate the STAT3 protein. Studies have shown that
STAT3 is a key factor in IL-10 signal transduction.”!! Through
this factor, uPA can also exert the same immunosuppressive
effect as IL-10, leading to persistent chronic infections in the
prostate. The aforementioned literature provides evidence that
uPA plays multiple roles in the pathogenesis of prostate diseases.
Consequently, targeting uPA through interventions may present
novel therapeutic strategies and mechanisms for managing CP/
CPPS.

CD244 is present on the surface of NK cells, T cells,
eosinophils, monocytes, dendritic cells, and myeloid-
derived suppressor cells, where it binds with its ligand CD48
to exert immunological effects. MR analysis indicates that
CD244 is a risk factor for prostatitis. Studies have revealed
that the prostasomes secreted by prostatic epithelial cells
contain a significant amount of CD48. Culturing NK cells in
the granular environment of prostasomes leads to a decrease
in their activity.’! NK cells with high activity levels are
believed to prevent CP/CPPS.P?l Therefore, CD244 may
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Figure 8. The bar plots illustrates the GO and KEGG enrichment analyses of IL-10RA, IL-12B, CD244, and uPA. CD244 = Natural Killer Cell Receptor 2B4, GO
= gene ontology, IL-10RA = Interleukin-10 receptor A, IL-12B = Interleukin-12B, KEGG = kyoto encyclopedia of genes and genomes, uPA = urokinase-type

plasminogen activator.

Pleiotropy and heterogeneity test for inflammatory cytokines on prostatitis.

Pleiotropy test Heterogeneity test Cochran’ Q
Exposure Outcome MR-Egger-intercept MR-Egger_P MR-PRESSO_P MR Egger_Q MR Egger_P IVW_Q IVW_P
IL-10RA Prostatitis 0.022 0.353 0.805 4103 0.768 5.092 0.748
IL-12B Prostatitis 0.017 0.106 0.437 20.823 0.470 23.670 0.365
CD244 Prostatitis 0.001 0.922 0.815 13.892 0.736 13.902 0.789
uPA Prostatitis 0.003 0.808 0.805 13.776 0.744 13.837 0.793
CD244 = Natural Killer Cell Receptor 2B4, IL-10RA = Interleukin-10 receptor A, IL-12B = Interleukin-12B, uPA = urokinase-type plasminogen activator.
Table 4
Pleiotropy and heterogeneity test for prostatitis on inflammatory cytokines.

Pleiotropy test Heterogeneity test Cochran’ Q
Exposure Outcome MR-Egger-intercept MR-Egger_P MR-PRESSO_P MR Egger_Q MR Egger_P IVW_Q IVW_P
Prostatitis CCL23 —-0.012 0.315 0.896 12.457 0.865 13.522 0.854
Prostatitis IL-5 —-0.001 0.938 0.956 11.053 0.922 11.059 0.945
Prostatitis TRANCE 0.022 0.063 0.437 15.826 0.669 19.731 0.475

CCL23 = chemokine (C-C motif) ligand 23, IL-5 = Interleukin-5, TRANCE = TNF-related activation-induced cytokine.

promote the development of CP/CPPS by inhibiting NK cell
activity and weakening their cytolytic function. Research by
Chlewicki et al®*! indicates that the functionality of NK cells
is determined by the level of CD244-CD48 cross-linking,
with high surface density of CD244 on NK cells considered
to inhibit their activity. Additionally, studies demonstrate
that Epstein-Barr virus upregulates the expression of surface
CD48 on infected cells to facilitate binding with CD244,134
thus increasing cross-linking levels and preventing NK cells
from attacking virus-infected cells. It can be speculated that
in some virus-induced prostatitis cases, CD244 may also
be involved in the generation of a viral immune evasion
environment, necessitating further research into its related
mechanisms.

The IL-12B gene encodes the p40 subunit of IL-12. IL-12
is a heterodimeric molecule composed of p35 and p40 sub-
units.®! Its binding to the IL-12 receptor activates the JAK-
STAT4 pathway, which further stimulates the activation of
CD4+ T cells, CD8+ T cells, and NK cells.*¥) MR analysis indi-
cates that IL-12B acts as an inhibitory factor for prostatitis,
likely due to its role in inducing the differentiation of CD4+ T
cells into Th1 and Th17 effector cells,*” as well as enhancing
NK cell activity. It inhibits the development of CP/CPPS by
promoting the clearance of intracellular pathogens. Moreover,
the negative feedback product of the IL-12 immune response
is IL-10,B% whose receptor, IL-10RA, has been identified as a
potential risk factor associated with CP/CPPS. Therefore, by
regulating the negative feedback product IL-10 of IL-12 and



Ma et al. ¢ Medicine (2025) 104:19

www.md-journal.com

o
IR ot wenatoy sy
e o ecaes

o' (X oz
Rt sty sty
xpowa’ o0 s

da

¥ 03

MR -l sy bl Ko
exposure

o s

Figure 9. Leave-one-out analysis (A) IL-10RA on prostatitis; (B) IL-12B on prostatitis; (C) CD244 on prostatitis; (D) uPA on prostatitis. CD244 = Natural Killer Cell
Receptor 2B4, IL-10RA = Interleukin-10 receptor A, IL-12B = Interleukin-12B, IL-10RA = Interleukin-10 receptor A, IL-12B = Interleukin-12B,
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Figure 10. Leave-one-out analysis (A) prostatitis on CCL23; (B) prostatitis on IL-5; (C) prostatitis on TRANCE. CCL23 = chemokine (C-C motif) ligand 23, IL-5

= Interleukin-5, TRANCE = TNF-related activation-induced cytokine.

preventing its adverse effects mediated through IL-10RA, the
therapeutic efficacy against CP/CPPS can be enhanced. This
strategy may provide a new therapeutic direction for patients
with CP/CPPS.

GO and KEGG pathway analyses reveal that genes related to
IL-10RA, uPA, CD244, and IL-12B primarily regulate NK cell
activity and the JAK-STAT signaling pathway. Combined with
the above content, the critical roles of these genes in immune
regulation are further clarified, particularly in regulating
immune receptor activity, cytokine signaling, and NK cell func-
tion. Consistent with previous analyses of inflammatory factors,
these findings not only support our enrichment analysis results
but also provide strong evidence for understanding the role of
the immune system in the pathogenesis of CP/CPPS, particularly
in exploring the impact of NK cell function and the JAK-STAT
signaling pathway.

Currently, no studies have investigated the mechanisms
underlying the reduction in blood levels of CCL23, IL-5, and
TRANCE, as identified in the results of reverse MR analysis.
Nevertheless, we propose several potential mechanisms that

may be associated with decreased levels of these 3 inflammatory
cytokines in CP/CPPS. We hypothesize that in CP/CPPS, patho-
gens utilize the immune suppression induced by the interaction
between IL-10 and IL-10RA, reducing the immune response
of Th2 cells, thereby causing a reduction in plasma levels of
CCL23. Current research on CCL23 in hepatocellular carci-
noma cells has confirmed that low levels of Th2 cell activity
lead to decreased expression of CCL23, resulting in impaired
cell lytic function of Th1 cells.?” The study conducted by Goetzl
et al*l demonstrates that the decreased levels of IL-5 are also
a result of reduced Th2 cell immune responses. Additionally,
studies on Hepatitis B virus indicate that low expression levels
of IL-5 in plasma may reflect high levels of HBV replication.*!l
This study suggests that in virus-related CP/CPPS, low levels of
IL-5 may also result from high levels of virus replication. The
expression levels of TRANCE are positively correlated with Th1
cell immune responses./*?! Therefore, in the progression of CP/
CPPS, the decreased expression levels of TRANCE may be due
to the suppression of the Th1 immune response by the interac-
tion between IL-10 and IL-10RA. In summary, further research
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is needed to validate our findings and explore the potential
mechanisms involved in the aforementioned possible outcomes.

This study elucidated the relationship between prostatitis
and 91 inflammatory cytokines through Mendelian random-
ization studies. The advantage lies in the ability of MR studies
to weaken reverse causation and bias caused by confounding.
Additionally, the study population was limited to individu-
als of European ancestry, reducing bias resulting from ethnic-
ity. However, the study also has limitations. Firstly, the data
we selected were from two GWAS, where detailed records of
prostatitis-related symptoms in patients were lacking, prevent-
ing deeper subgroup analysis. Secondly, due to the homogeneity
of the population, the global applicability of the research find-
ings remains to be verified. Overall, with the support of large
sample size MR analysis, we believe that the estimated effects
will approximate reality. However, more research is needed to
validate and apply them in clinical practice.

5. Conclusions

In summary, this study provides new evidence for the mutual
relationship between prostatitis and circulating inflammatory
cytokines. It emphasizes the bidirectional causal relationships
that specific circulating inflammatory cytokines may have with
prostatitis, as well as the potential of acupuncture in modulat-
ing immune responses for the treatment of prostatitis. These
findings provide deeper understanding into the pathogenesis
of prostatitis, offering valuable insights for advancing targeted
therapies in the future. However, further research is needed
to validate these findings and explore potential biological
mechanisms.
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