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Abstract

Introduction

We conducted bidirectional two-sample Mendelian Randomization (MR) analysis to investigate the
causal relationship between 91 inflammatory cytokines and prostate cancer (PCa).

Material and methods

The Inverse Variance Weighted (IVW) model served as the primary two-sample MR analysis method,
utilized to estimate the causal effect of exposure on the outcome. The Weighted Median (WM) and MR
Egger methods were additionally employed to complement the IVW model. Sensitivity analyses were
performed using Cochran's Q test for both the IVW and MR Egger methods. To assess the presence
of horizontal pleiotropy, the instrumental variables (IVs) were subjected to the MR-Egger intercept test.

Results

Following Bonferroni correction, the IVW analysis revealed positive correlations between PCa and the
levels of C-C motif chemokine 20 (CCL20), C-C motif chemokine 23 (CCL23), fibroblast growth factor
19 (FGF19), fibroblast growth factor 23 (FGF23), and interleukin-6 (IL-6). Notably, IL-6 exhibited the
strongest positive association effect (odds ratio [95% confidence interval]: 1.0076 [1.0014, 1.0139]),
followed by CCL-20 (1.0067 [1.0004, 1.0129]) and FGF23 ([1.0002, 1.0119]). Reverse MR analysis
indicated a negative causal relationship between PCa and interleukin-22 receptor subunit alpha-1
levels (IL22RA1) (0.4852 [0.2390, 0.9847]).

Conclusions

This study proposes that there exists a positive correlation between the levels of CCL20, CCL23,
FGF19, FGF23, and IL-6 and the occurrence of PCa. Furthermore, we found evidence to support the
causal relationship between decreased levels of IL22RA1 and the development of PCa. These
findings unveil novel biomarkers and pathways that could potentially be targeted for the prevention
and clinical treatment of PCa.
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Association between inflammatory cytokines and prostate cancer: a bidirectional Mendelian

randomization study

Abstract

Introduction: We conducted bidirectional two-sample Mendelian Randomization (MR) analysis to

investigate the causal relationship between 91 inflammatory cytokines and prostate cancer (PCa).

Material and methods: The Inverse Variance Weighted (IVW) model served as the primary two-sample MR
analysis method, utilized to estimate the causal effect of exposure on the outcome. The Weighted Median
(WM) and MR Egger methods were additionally employed to complement the IVW model. Sensitivity
analyses were performed using Cochran's Q test for both the IVW and MR Egger methods. To assess the
presence of horizontal pleiotropy, the instrumental variables (1Vs) were subjected to the MR-Egger intercept

test.

Results: Following Bonferroni correction, the IVW analysis revealed positive correlations between PCa and
the levels of C-C motif chemokine 20 (CCL20), C-C motif chemokine 23 (CCL23), fibroblast growth factor
19 (FGF19), fibroblast growth factor 23 (FGF23), and interleukin-6 (1L-6). Notably, IL-6 exhibited the
strongest positive association effect (odds ratio [95% confidence interval]: 1.0076 [1.0014, 1.0139]), followed
by CCL-20 (1.0067 [1.0004, 1.0129]) and FGF23 ([1.0002, 1.0119]). Reverse MR analysis indicated a
negative causal relationship between PCa and interleukin-22 receptor subunit alpha-1 levels (IL22RA1)

(0.4852 [0.2390, 0.9847]).

Conclusion: This study proposes that there exists a positive correlation between the levels of CCL20, CCL23,
FGF19, FGF23, and IL-6 and the occurrence of PCa. Furthermore, we found evidence to support the causal
relationship between decreased levels of IL22RA1 and the development of PCa. These findings unveil novel

biomarkers and pathways that could potentially be targeted for the prevention and clinical treatment of PCa.
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Introduction

Prostate cancer (PCa) ranks second among the most prevalent cancers in men and is the second leading
cause of male cancer-related mortality. It has been projected that in 2040, there will be 2.9 million new cases
of PCa globally [1, 2]. The likelihood of a man being diagnosed with PCa at some point in his lifetime is
notably high, reaching 11.2% [3]. While established risk factors for PCa include age, race, family history, and
smoking, there is currently a lack of identified modifiable risk factors [3]. Presently, approximately 90% of
patients exhibit localized tumor progression at the time of PCa diagnosis, rendering surgical treatment
inappropriate. Therefore, early detection and effective intervention of PCa are crucial in enhancing patient

prognosis [4, 5, 6].

Inflammation is widely acknowledged as a crucial factor in the aging process and age-related diseases,
including heart disease, diabetes, and Alzheimer's disease, with tumor development being particularly
affected. This association has led to the recognition of a concept termed “inflamm-aging,” which describes the
occurrence of chronic, low-grade inflammation that progressively increases with age. Inflamm-aging is
attributed to the persistent exposure to antigens and stressors, which, over time, establish a continuous
presence of inflammatory stimuli that contributes to the susceptibility to age-related diseases and disabilities.
Many epidemiological studies investigating inflammation rely on a single biomarker, typically C-reactive
protein (CRP), interleukin-6 (IL-6), or tumor necrosis factor-Ipha (TNF-a), to quantify the inflammatory state.
In PCa, inflammation plays a crucial role in the disease's pathophysiology, influencing its onset and

prognosis.

Previous research has indicated a link between PCa risk and inflammatory cytokines such as MCP-1 and
IL-4. However, due to the intricate nature of the inflammatory system and its involvement in various feedback
mechanisms, relying solely on a single inflammatory marker may explain the inconsistent findings reported in
the literature. Moreover, whether inflammatory cytokines act as initiating factors or are downstream effects of

poor functional outcomes in PCa remains a topic of debate and requires further investigation.
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Mendelian Randomization (MR) analysis employs single nucleotide polymorphisms (SNPs) as genetic
instrumental variables (IVs)to proxy for exposure factors [7, 8]. By comparison to observational studies, MR
analysis mitigates the effects of reverse causation and confounding factors on the findings, thereby yielding

more robust evidence for causal inference [9].

In order to evaluate the potential correlation between circulating inflammatory cytokines and PCa, and to
determine the direction of this correlation, we conducted a bidirectional two-sample MR analysis. Initially, we
obtained validated genetic IV for 91 inflammatory cytokines from genome-wide association study (GWAS)
data, and proceeded to analyze their association with PCa. Additionally, we explored the causal relationship
by reversing the exposure and outcome variables. This study contributes to the existing evidence supporting

the targeting of specific inflammatory cytokines for the purpose of PCa prevention.

Materials and Methods

We employed bidirectional two-sample MR to evaluate the causal relationship between inflammatory
cytokines and PCa. All data utilized in this study were obtained from publicly available GWAS summary
statistics, thereby obviating the need for additional ethical approval or informed consent. We conducted a
thorough search for GWAS summary statistics and extracted primary SNPs that were linked to inflammatory
cytokines or PCa as genetic V. The GWAS summary statistics for PCa comprised of 9,132 cases and 173,493
controls, and could be accessed from the MRC IEU GWAS Database (https://gwas.mrcieu.ac.uk/datasets/ieu-
b-4809/). The GWAS summary statistics for cytokines were sourced from the GWAS Catalog platform,
available at GWAS Catalog (https://www.ebi.ac.uk/gwas/publications/37563310). Ethical approval was
obtained from the FinnGen steering committee for all selected GWASs in the FinnGen Consortium, and

individuals provided written informed consent.

Selection of 1V for Inflammatory Cytokines

The Vs utilized for inflammatory cytokines were obtained from a recent meta-analysis GWAS, which
enrolled 14,824 individuals of European ancestry from 11 cohorts. These participants were subjected to

measurement of 91 inflammatory cytokines using the Olink Target Inflammation panel. To identify SNPs
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associated with the levels of these inflammatory cytokines in circulation, a genome-wide significance level (P
<5 x 108) was employed. Subsequently, the summary data of the SNPs were extracted, and linkage
disequilibrium (LD) SNPs were pruned by applying an r?threshold of < 0.1. The SNP with the lowest P-value
was selected as an independent instrument. Herein, we identified 91 SNPs that exhibited significant
associations with inflammatory cytokines (p-value <5 x 108, LD r? < 0.01, clump = 1000 kb). To evaluate
the efficacy of the remaining SNPs, the F-statistic was computed for each SNP (F = beta?/se?), and an overall
F-statistic was determined as well. The overall F-statistic was calculated as 169.6, surpassing the typical

threshold of 10, thereby indicating a robust ability of genetic variants to predict inflammatory cytokine levels.

PCa GWAS Summary Data

We employed the PCa GWAS summary data obtained from the MRC Integrative Epidemiology Unit
(MRC-IEU) Consortium (ID: ieu-b-4809). This dataset consisted of 182,625 individuals of European
ancestry, encompassing 9,132 cases and 173,493 controls with PCa. A comprehensive collection of 9,851,867
SNPs was included in this investigation. The summary statistics can be readily accessed and downloaded
from the consortium's website. It is important to underscore that all these data are de-identified, publicly

available, and can be utilized without any constraints.

Statistical methods

This study used the inverse variance weighting (IVW) as the primary methodology for MR analysis. To
evaluate the heterogeneity among SNPs [10], the Cochran Q-tests were employed. Additional analyses were
conducted using the weighted median and MR-Egger methods. The MR-Egger intercept test was used to
assess horizontal pleiotropy, while MR-PRESSO was used to detect outlier SNPs [11, 12]. These identified
SNPs were subsequently excluded from the MR analysis to ensure the reliability and consistency of the
results. A leave-one-out analysis was conducted to evaluate the robustness of the findings. Furthermore,
supplementary sensitivity analyses were performed using the weighted mode and simple mode analyses [10].
In cases where the IVW analysis yielded statistically significant results (p <0.05) and no evidence of

horizontal pleiotropy or heterogeneity was found, the findings could be considered positive, even if the other
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methods did not yield significant results, as long as the direction of the p-values remained consistent. When
horizontal pleiotropy was present without heterogeneity, the MR-Egger method was used [13]. In situations
where heterogeneity was observed without the presence of pleiotropy, either the weighted median method or
the random effects IVW method was utilized. The analysis was performed using R 4.2.2 software and the R

packages “TwosampleMR” and “MR-PRESSO” [10, 13].

Results

Casual Association of inflammatory cytokines with PCa

After performing a series of quality control procedures, a total of 33 SNPs were identified as being
associated with PCa, while 169 SNPs were found to be associated with inflammatory cytokines (refer to Table
1, Table S1, and Table S2). Regarding the inflammatory cytokines, the number of SNPs per cytokine protein
varied from 8 to 33. All included SNPs had F values greater than 10. Following the Bonferroni correction, the
analysis using the IVW method revealed evidence supporting an association between 9 inflammatory
cytokines and PCa (refer to Table S3). Of the known inflammatory cytokines, 7 showed a positive correlation
with PCa, whereas 2 exhibited a negative correlation. Among the positively correlated inflammatory factors
were levels of CCL20, levels of CCL23, levels of FGF19, levels of FGF23, and I1L-6 (levels of interleukin-6).
The strongest positive association effect was observed for IL-6 (OR [95%CIl]: 1.0076 [1.0014, 1.0139]),
followed by CCL-20 (OR [95%CI]: 1.0067 [1.0004, 1.0129]) and FGF23 (OR [95%CI]: 1.0061 [1.0002,

1.0119]).

Several inflammatory factors showed a negative correlation with PCa, including CX3CL1 (fractalkine
levels), CXCL9 (C-X-C motif chemokine 9 levels), TGF-p (latency-associated peptide transforming growth
factor beta 1 levels), and NRTN (neurturin levels). Among these factors, NTRN had the strongest negative
association effect, with an odds ratio (OR) of 0.9918 and a 95% confidence interval (Cl) of 0.9863 to 0.9974

(Table 1; Figure 1; Figure 2).

Using PCa as an Exposure to Test Bidirectionality of Associations



122
123
124
125
126
127
128

129

130
131
132
133
134
135
136
137
138
139
140
141

142

143
144
145
146

After conducting multiple test corrections, we consistently found evidence from the IVW method
indicating a negative causal effect of PCa on IL22RA1 (Interleukin-22 receptor subunit alpha-1 levels) with
an (OR) (95% CI) of 0.4852 (0.2390, 0.9847). However, the Weighted Median method yielded an OR [95%
Cl] of 0.4717 (0.1668, 1.3346), while the MR Egger method indicated an OR [95% CI] of 0.3648 (0.0658,
2.0218). The p-values for both these methods were greater than 0.05, suggesting that the supplementary
methods were unable to confirm the causal effect. These results are summarized in Table 1, Table S4, Figure

1, and Figure 2.

Sensitivity analysis

A series of sensitivity analyses were conducted to assess the rigidity of the aforementioned results. The
Cochran's Q test of the IVW method and MR Egger method were used. The results showed that only CCL20
(MR Egger Q pval: 0.0342, IVW Q pval: 0.0289), CX3CL1 (MR Egger Q pval: 0.0013, IVW Q pval:
0.0012), and CXCL9 (MR Egger Q pval: 0.0008, IVW Q pval: 0.0004) exhibited heterogeneity of IV
variables (P < 0.05) and were significantly associated with PCA. The other inflammatory cytokines did not
show significant heterogeneity. In terms of reverse MR, no heterogeneity of PCA affecting inflammatory
cytokines was observed. Moreover, the MR-Egger regression intercept analysis revealed no apparent
horizontal pleiotropy in the bidirectional MR analysis. The direction of effect in all three methods was
consistent with the IVW method. The radial MR results of IVW indicated that the corrected results were
consistent with the uncorrected ones. Furthermore, the results remained almost identical to the overall MR
effect value after excluding each SNP one by one through LOO, indicating strong robustness of the results

(Table 1; Table S5; Table S6; Figure 3).

Discussion

This study utilized a two-sample bidirectional MR analysis approach to examine the causal connection
between inflammatory cytokines in the bloodstream and PCa. In the initial phase, the study evaluated the
causal association between 91 circulating inflammatory cytokines, encompassing chemokines, interleukins,

and growth factors, and the occurrence of PCa. The findings revealed a positive correlation between
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genetically predicted elevated levels of CCL20, CCL23, FGF19, FGF23, and IL-6, and PCa outcomes.
Furthermore, considering PCa as an exposure variable, it appeared to elicit a decrease in IL22RA1 levels via

pathogenic mechanisms.

CCL20 and CCL23 are chemokines that play a role in promoting the directed migration of leukocytes, T
cells, eosinophils, and basophils to sites of injury or inflammation [14]. These chemokines act as pro-
inflammatory molecules in diseases. Inflammatory response is a critical pathological process in PCa, and the
systemic inflammatory response mediated by CCL20 and CCL23 exacerbates the delay in the resolution of
inflammation and worsens the infiltration and progression of PCa tissues [15]. Observational studies have also
provided evidence of the association between CCL20, CCL23, and the risk and functional prognosis of PCa.
A prospective study has indicated that higher circulating levels of CCL20 and CCL23 can predict the risk of
PCa. Therefore, CCL20 and CCL23 are influential factors in the risk of PCa and may also contribute to the

post-PCa inflammatory pathological changes [16].

The FGF signaling pathway has been demonstrated to play a crucial role in the progression of PCa [17].
FGF19, a member of the FGF subfamily, has been shown to circulate in the serum and exert its effects in an
endocrine manner. A recent study investigated the impact of FGF19 on the proliferation and epithelial -
mesenchymal transition (EMT) of PC3 cells, shedding light on the association between the presence of
FGF19-positive cells in the tissues of patients with PCa. This research provides evidence that FGF19 may

contribute to the development of PCa by promoting cell proliferation and EMT in PCa.

FGF23 is an endocrine FGF, primarily expressed by osteocytes. It plays a crucial role in maintaining
phosphate homeostasis by engaging in feedback loops with the kidneys and vitamin D [18, 19]. A study has
demonstrated that FGF23 functions as an autocrine growth factor in all cell types. It has been observed that
supplementation with exogenous FGF23 increases cell proliferation, invasion capabilities, and anchorage-
independent growth in vitro. Conversely, knockdown of FGF23 in PCa cell lines reduces these phenotypes.

Furthermore, suppressing FGF23 expression also results in a decrease in tumor growth in vivo [20]. These
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findings suggest that FGF23 may function as an autocrine, paracrine, and/or endocrine growth factor in PCa,

thereby contributing to disease progression [20].

Another study has provided confirmation of the role of IL-6 in the pathogenesis of PCa. Through an
evaluation of the expression of IL-6 superfamily members, related cytokines, and the potential involvement of
IL-6 in regulating PCa growth [21, 22], the study demonstrated that IL-6 appears to experience a functional
shift from acting as a paracrine growth inhibitor to functioning as an autocrine growth stimulant during the

progression of prostate cancer towards a hormone-resistant phenotype [23].

Our findings from reverse MR analysis indicate that PCa may be associated with a decrease in the
inflammatory level of IL-22RAL. Interleukin-22 (IL-22) is a member of the IL-10 cytokine family and is
produced by T cells and innate lymphoid cells. The IL-22 signaling pathway plays a crucial role in
coordinating mucosal immune defense and tissue regeneration. Its pleiotropic actions include pro-survival
signals, cell migration, developmental anomalies, and angiogenesis [24]. These functions contribute to the
prevention of initial tumor formation. The involvement of the IL-22/IL-22RAL axis in cancer is intricate.
Evidence suggests that IL-22 expression and signaling are dysregulated in patients with various common
cancers such as intestinal, skin, lung, and liver cancer. Although I1L-22 displays limited tissue specificity, its
receptor IL-22R1 is exclusively expressed on epithelial and tissue cells. Nonetheless, it is an attractive
therapeutic target on immune cells due to its potential to achieve anti-tumor immunity with reduced side
effects [24]. Our study further supports this notion by demonstrating that PCa occurrence is associated with a

decrease in the inflammatory level of IL-22RA1, thereby highlighting it as a promising therapeutic target.

Our study has several limitations. Firstly, all the GWAS summary statistics used in our study were
derived from participants of European ancestry, which may limit the generalizability of our findings to other
ethnicities. Secondly, our study included 91 cytokines, while several other important inflammatory
biomarkers were not included due to the lack of 1Vs available for analysis. Additionally, the results for
various cytokines such as IFN-y, IL-5, and IL-13 were based on a single genetic variant, which might lead to

lower precision. Thirdly, due to the assumptions of aggregate data level MR analysis in our study, we were
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unable to investigate the non-linear effects of cytokines and growth factors on PCa. Fourthly, the genetic
estimates of cytokines were derived from GWAS adjusted for body mass index (BMI). Although the
associations remained consistent when using unweighted allele scores, which minimizes bias in the genetic
association estimates of exposures, we cannot exclude the possibility that adjustment for BMI may have led to
collider bias during instrument selection. Obesity has been identified as a significant comorbidity in prostate
cancer. Studies have shown that obesity is associated with high-grade and aggressive prostate cancer, as well
as increased mortality [25]. This relationship can be partly attributed to low-grade inflammation, where
cytokines and chemokines play a crucial role. Elevated levels of inflammatory markers in obese individuals
may contribute to the progression and severity of prostate cancer. Fifthly, the associations found in MR
analysis are based on genetic SNPs, representing the cumulative effect of exposure over an individual's
lifetime. It is possible that exposure to cytokines only affects PCa during specific time windows. Lastly, due
to the unavailability of information on disease aggressiveness or molecular subtypes, we focused solely on the
association between cytokines and the overall risk of PCa. Nevertheless, our study provides new insights into
the relationship between inflammatory biomarkers and PCa , enhancing our understanding of its etiology [10,

12].

In summary, this study utilizing MR analysis has several notable advantages. First, it minimizes
confounding factors and reverse causation, providing robust causal inference about the relationship between
inflammatory cytokines and prostate cancer. Second, the use of large-scale GWAS data enhances the
statistical power and reliability of our findings. Third, by identifying specific inflammatory cytokines such as
CCL20, CCL23, FGF19, FGF23, and IL-6 as being associated with an elevated risk of PCa, our study offers
supportive evidence of a causal relationship, indicating that these cytokines could serve as potential targets for
therapeutic interventions in PCa. Additionally, the study suggests that IL22RA1 might have the potential to
serve as a biomarker for monitoring therapeutic effects in advanced stages of PCa. These findings not only
provide new insights into the etiology of prostate cancer but also open up new avenues for preventive and
clinical strategies.This two-sample MR study examines the genetic correlation and bidirectional relationship
between inflammatory activity and PCa using large-scale GWAS data. The findings reveal that genetically

predicted elevated levels of CCL20, CCL23, FGF19, FGF23, and IL-6 are positively associated with PCa
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outcomes, whereas elevated levels of CX3CL1, CXCL9, TGF-B, and NRTN are negatively associated with
PCa outcomes. Additionally, the inverse MR results suggest that the presence of PCa may lead to a decrease
in inflammatory levels of IL-22RA1. This finding implies that PCa expression could serve as a potential
indicator for identifying patients who are likely to respond to immunotherapy, further offering potential
targets for novel immunotherapeutic approaches. Overall, this study provides novel insights into PCa

biomarkers and pathways, with important implications for PCa prevention and clinical intervention.

Our findings have several potential clinical implications. By identifying specific inflammatory cytokines
such as CCL20, CCL23, FGF19, FGF23, and IL-6 as associated with an elevated risk of prostate cancer, our
study suggests that these cytokines could serve as biomarkers for early detection and risk stratification in
clinical settings. Furthermore, targeting these cytokines through therapeutic interventions could provide novel
approaches for preventing and treating prostate cancer. The observed decrease in IL22RA1 levels associated
with prostate cancer suggests that IL22RA1 might be a valuable biomarker for monitoring therapeutic effects,
particularly in advanced stages of the disease. Overall, our research highlights the importance of
understanding the inflammatory pathways involved in prostate cancer, paving the way for improved clinical

outcomes through targeted interventions.

Conclusion

This study suggests a positive correlation between elevated levels of CCL20, CCL23, FGF19, FGF23,
and IL-6 and the risk of prostate cancer. Additionally, prostate cancer appears to causally reduce IL22RA1
levels. These findings provide new insights into potential biomarkers and therapeutic targets for prostate
cancer prevention and treatment. Our research highlights the importance of targeting specific inflammatory
cytokines and understanding their bidirectional relationships with prostate cancer to develop effective clinical

interventions.
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Figure Captions

Figure 1. Causal correlations of cytokines on Prostate cancer.

Figure 2. Causal effects of significant inflammatory cytokines on Prostate cancer by forward mendelian

randomized analysis.

Figure 3. Causal effects of Prostate cancer on significant inflammatory cytokines(IL-22) by inverse

mendelian randomized analysis.



exposure outcome method nsnp OR(95%Cl) pval
CCL20 PCA Inverse variance weighted 21 f= 1.0067(1.0004, 1.0129) 0.0361

Weighted median 21 '{I" 1.0036(0.9968, 1.0105) 0.2970
MR Egger 21 '—‘:" 0.9996(0.9856, 1.0138) 0.9565
CCL23 PCA Inverse variance weighted 25 :"' 1.0038(1.0006, 1.0069) 0.0187
Weighted median 25 i- 1.0041(1.0001, 1.0081) 0.0466
MR Egger 25 !' 1.0045(1.0000, 1.0090) 0.0607
CX3CL1 PCA Inverse variance weighted 22 rer{ 0.9925(0.9852, 0.9999) 0.0471
Weighted median 22 H‘: 0.9932(0.9855, 1.0010) 0.0858
MR Egger 22 '—+-‘ 1.0002(0.9812, 1.0195) 0.9841
CXCL9 PCA Inverse variance weighted 24 "\: 0.9927(0.9860, 0.9994) 0.0320
Weighted median 24 "Ii' 0.9992(0.9920, 1.0064) 0.8229
MR Egger 24 G 1.0009(0.9865, 1.0156) 0.9040
FGF19 PCA Inverse variance weighted 21 i" 1.0049(1.0004, 1.0094) 0.0336
Weighted median 21 ':" 1.0041(0.9973, 1.0110) 0.2352
MR Egger 21 "'f" 0.9992(0.9882, 1.0104) 0.8949
FGF23 PCA Inverse variance weighted 14 f=t 1.0061(1.0002, 1.0119) 0.0419
MR Egger 14 II—-—' 1.0186(1.0016, 1.0359) 0.0531
Weighted median 14 'i" 1.0055(0.9978, 1.0132) 0.1632
IL-6 PCA Inverse variance weighted 8 :'" 1.0076(1.0014, 1.0139) 0.0166
Weighted median 8 fﬂ 1.0077(0.9998, 1.0158) 0.0573
MR Egger 8 e 1.0034(0.9913, 1.0157) 0.6036
TGF-B PCA Inverse variance weighted 20 »-q' 0.9947(0.9900, 0.9995) 0.0312
Weighted median 20 "‘: 0.9930(0.9864, 0.9998) 0.0424
MR Egger 20 "'*E 0.9894(0.9810, 0.9979) 0.0253
NRTN PCA Inverse variance weighted 14 "'E 0.9918(0.9863, 0.9974) 0.0040
Weighted median 14 e 0.9922(0.9845, 0.9999) 0.0470
MR Egger 14 "'é" 0.9974(0.9863, 1.0086) 0.6528
PCA IL22RA1 Inverse variance weighted 33 E 0.4852(0.2390, 0.9847) 0.0452
Weighted median 33 : 0.4717(0.1668, 1.3346) 0.1568
MR Egger 33 2 T

> 0.3648(0.0658, 2.0218) 0.2572
r 1
0.9 11

protective factor risk factor



Table 1. Causal effects between significant cytokines traits and prostate cancer estimated by different two-sample MR methods.

Heterogeneity Pleiotropy
exposure outcome correct_causal_
exposure L outcome L method nsnp pval OR(95%Cl) - .
abbreviation abbreviation MR Egger IVW Q_pval egger_intercept direction
Q pval _ pva
Inverse variance 21 0.0361  1.0067(1.0004, 1.0129) 0.0342 0.0289 0.2920 TRUE
_ weiahted
C-C motif CCL20 Prostate PCA Weighted median 21 0.2970  1.0036(0.9968, 1.0105)
chemokine 20 levels cancer
MR Egger 21 0.9565  0.9996(0.9856, 1.0138)
Inverse variance 25 0.0187  1.0038(1.0006,1.0069)  0.4874 0.5347 0.6584 TRUE
weighted
C-C motif Prostate . .
.I CCL23 PCA Weighted median 25 0.0466  1.0041(1.0001, 1.0081)
chemokine 23 levels cancer
MR Egger 25 0.0607  1.0045(1.0000, 1.0090)
Inverse variance 22 0.0471  0.9925(0.9852,0.9999)  0.0013 0.0012 0.4016 TRUE
weighted
. Prostate . .
Fractalkine levels CX3CL1 cancer PCA Weighted median 22 0.0858  0.9932(0.9855, 1.0010)
MR Egger 22 09841  1.0002(0.9812, 1.0195)
Inverse variance 24 0.0320  0.9927(0.9860, 0.9994) 0.0008 0.0004 0.2226 TRUE
weighted
C-X-C motif Prostat
motl CXCL9 rostate PCA Weighted median 24 0.8229  0.9992(0.9920, 1.0064)
chemokine 9 levels cancer
MR Egger 24 0.9040  1.0009(0.9865, 1.0156)
Inverse variance 21 0.0336  1.0049(1.0004, 1.0094) 0.8777 0.8621 0.2942 TRUE
weighted
Fibroblast growth Prostate . .
oroblas: gr FGF19 rosta PCA Weighted median 21 0.2352  1.0041(0.9973, 1.0110)
factor 19 levels cancer
MR Egger 21 0.8949  0.9992(0.9882, 1.0104)
Inverse variance 14 0.0419  1.0061(1.0002, 1.0119) 0.9433 0.8588 0.1502 TRUE
weighted
Fibroblast growth Prostat
'DroBlast gro FGF23 rostate PCA MR Egger 14 00531  1.0186(1.0016, 1.0359)
factor 23 levels cancer
Weighted median 14 0.1632  1.0055(0.9978, 1.0132)
orostate Inverse variance 8 0.0166  1.0076(1.0014,1.0139)  0.6217 0.6566 0.4610 TRUE
Interleukin-6 levels IL-6 PCA weidhted
cancer Weighted median 8 0.0573  1.0077(0.9998, 1.0158)
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Supplementary Table 1. Characteristics of significant SNPs with genome-wide associations (P<5x107%) for 91 cytokines on Prostate cancer.

. chr.e pos.e effect all other all betae se.ex eafex pvale samplesi
id.exp .
osure Xposu Xposu ele.expos ele.expos  Xposu  posu  posur Xxposu id SNP  ze.expos exposure sd R2 F
re re ure ure re re e re ure
GCST9 rs115 C-Cmotif 6.540 0.001 22.25
027476 1 22260 T C 0.2585 3'054 8'985 3'6395 éggz.zr(s% 8277 14243 chemokine 0534 5600 1535
6 - = 2 20 levels 19 6 11
GCST9 1 23860 rs1ll C-Cmotif 2.486 0.001 20.99
027476 1 égggo T C 0 0953 3.020 9'096 3'6615 6022 T 6740 14288 chemokine 2743 4672 2256
6 ' C 22 20 levels 86 73 84
GCST9 2 22866 rs102 C-Cmotif 1529 0.004 60.54
027476 2 iéggG T C O 0996 2'012 0.326 1'5185 1828 T 0713 14287 chemokine 9614 2206 7851
6 ' C 4 20 levels 64 72 56
GCST9 rs112 C-Cmotif 1503 0.001 22.26
027476 6 33481 T C 0.0637 (5)'013 2'367 (2)6385 861_4;_4%1 4269 12404 chemokine 5388 7920 4417
6 - - 3 20 levels 26 11 01
GCST9 C-Cmotif 1.769 0.001 26.36
027476 6 33235 T G -0.076 3'014 0.215 (2)'782'5' 8522$3SG 2352237 14288 chemokine 0798 8424 9612
6 - = 20 levels 51 35 86
GCST9 C-Cmotif 2.245 0.004 62.19
027476 6 40998 ¢ c 0.1459 0018 (ggg 3I1E- 640998 ISTAZ 008 hemokine 6744 2038 6669
167 5 15 167 T_C 493
6 - = 20 levels 53 42 1
GCST9 C-Cmotif 1.434 0.001
027476 8 22584 T C 0.0573 0.012 0.539  180E- 822584 rsll2 14288 chemokine 3890 5934 22.80
718 6 06 718 T_C 9474 0625
6 - = 20 levels 69 69
GCST9 9 11551 C-Cmotif 1540 0.001 25.07
027476 9 11551 T C 0.0636 0012 0315 5.50E- 9904 T rs279 14718 chemokine 7356 7012 8802
9904 7 9 07 - — 6032
6 C 20 levels 1 87 16
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GCST9 10 1276 rsa13 C-Cmotif 5023 0001 2193
027476 10 %i;gg A G 01039 0 9977 (2)'682'5' 93479 A 0292 14726  chemokine 9202 4875 5873
6 G 3 20 levels 78 88 65
GCST9 11 4214 15108 C-Cmotif 3107 0001 20.98
027476 11 %42 T C 01191 0.026 3'941 3'663'5' 2787 T 3778 14288  chemokine 8429 4666 3446
6 C 0 20 levels 82 58 75
GCST9 12 1965  rs730 C-Cmotif 4.853 0001 23.75
027476 12 22857 A G 0.2057 2‘042 8'973 3'609'5' 7540 A 7289 13230  chemokine 9173 7929 9849
6 G 3 20 levels 05 58 28
GCST9 12 7665  rs564 C-Cmotif 7273 0002 24.01
027476 12 52855 T C 0.3494 2'071 2'985 8'756'5' 5080 T 3984 10407  chemokine 6484 3026 4123
6 C 11 20levels 54 26 6
GCST9 12 1041 C-Cmotif 1553 0001 2461
027476 12 ég‘?‘i“ A G 0.0635 3'012 g'693 3'7025 49874 A ;%42928 14721 chemokine 0256 6692 0900
6 G 20 levels 4 50 88
GCST9 149462  rsi51 C-Cmotif 3980 0001 21.24
027476 14 geor> T C 1ets o % 9037 S0%% 5543 T 0925 14728 chemokine 5742 4409 9851
6 ' C 65 20 levels 7 37 28
GCST9 141067 C-Cmotif 3402 0002 21.68
027476 14 10678 A T - 0.034 0063 321E- gomay'p 15200 o766 chemokine 9929 2117 7432
2532 01602 4 2 06 A 3431
6 T 20 levels 42 2 4
GCST9 166379 C-Cmotif 1518 0001 21.13
027476 16 gg;% A T 0.0616 O 2'342 géng' 5822 A gsfz“: 12844  chemokine 6403 6428 2546
6 T 20 levels 92 77 22
GCST9 17 6713 15117 C-Cmotif 4284 0001 26.55
027476 17 ggé% C G 0.185 8'035 g.ges 3'7565 6325 C_ 7531 14243  chemokine 4510 8612 5504
6 G 90 20levels 54 51 69
GCST9 17 7276 15117 C-Cmotif 4.933 0002 27.65
o27a76 17 127°0 C G Copss o2 0999 L45E 1155 C_ 0005 13224 chemokine 3134 0871 4359
6 : G 76 20levels 75 76 63
GCST9 18_5648 C-Cmotif 1.888 0001 21.69
027476 18 ooa T C oras o ot S 06T 0% 14288 chemokine 6122 5166 9086
6 : C 20levels 74 02 68
GCST9 21 3296  rs358 C-Cmotif 2014 0001 2345
027476 21 25261 T C 0.0804 2'016 (2)'145 (1)628'5' 1256 T 3367 14732  chemokine 8324 5900 8266
6 C 6 20levels 79 18 8
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GCST9 7 17545  rs730 C-C motif 3.871 0.001 22.02
027476 7 ot A G 1457 8'031 3'039 (2)'670'5' 964 A_ 7115 14728  chemokine 3511 4932 2277
7 ' G 3 23 levels 96 36 69
GCST9 10 1829 C-C motif  1.516 0.001
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482 5 3 06 —— 6742 6464
7 G 23 levels 37 64
GCST9 10 3443  rs773 C-C motif 5304 0.001 22.30
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7 G 1 23 levels 56 32 51
GCST9 111989 C-Cmotif 1.609 0.001 24.43
027476 11 %2892 A G 60692 0.014 2'729 3'770'5' 274 A_ 2591212 13224 chemokine 9391 8444 1836
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7 T 4 23 levels 42 66 6
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7 ' C 23 levels 44 64 77
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Supplementary Table 2. Characteristics of significant SNPs with genome-wide associations (P<5x107) for prostate cancer on 91 cytokines.
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Supplementary Table 3. Comparing causal effects of 91 cytokines traits on prostate cancer (P<5x107) estimated by different two-sample
MR methods.
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Supplementary Table 4. Comparing causal effects of prostate cancer traits (P<5x107) on 91 cytokines estimated by different two-sample

MR methods.
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56

0.547
2629
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11

0.986
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42

0.499
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62
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28

0.338
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43

0.293
7848
81

0.467
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29

0.465
6377
32

0.903
4717

0.505
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02
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4433
57

0.462
5385
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0.326
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62
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19
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17
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89
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08
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0.401
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61

0.752
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0.803
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43
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2713
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42
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9792
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95

3.866
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4
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4
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18
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6.691
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1.200
0359
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62
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4630
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18

0.462
2780
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Supplementary Table 5. Heterogeneity of significant traits in bidirectional two-sample Mendelian randomization analyses.

id.exposure id.outcome outcome exposure method Q Q_df Q_pval

GCST90274766 ieU-b-4809 Prostate cancer || id:ieu-b-  C-C motif chemokine 20 In\{erse variance .o c0a10476 20 0.028898972
4809 levels weighted

GCST90274766  ieu-b-4809 oAt cancer id:ieu-b- ﬁ;/celrsno“f chemokine 20 \1p Egger 3165184139 19  0.03419374

GCST90274767 ieU-b-4809 Prostate cancer || id:ieu-b-  C-C motif chemokine 23 Inv_erse variance  ,, s4aac198 24 0.53466111
4809 levels weighted

GCST90274767  ieu-b-4809 Zg%sgate cancer || id:ieu-b- Ii;félrsm“f chemokine 23 yir Egger 2254817447 23 0.487398416

GCST90274778  ieu-b-4809 Prostate cancer || id:ieu-b- ko iz ikine levels Inverse varlance 46 55606992 21 0.001192275
4809 weighted

GCSTO0274778  ieu-b-4809 Zg%sgtate cancer [[id:ieu-b- - o lkine levels MR Egger 4458852835 20  0.001254334

GCST90274784  ieu-b-4809 Prostate cancer || id:ieu-b- ~ C-X-C motif chemokine 9 Inverse variance 5241689251 23 0.000439456
4809 levels weighted

GCSTO0274784  ieu-b-4809 Zg%sgate cancer | id:ieu-b- EJ;ISC motif chemokine 9 ;o Eoer 48.9150106 22  0.000820288

GCST90274787 ieu-b-4809 Prostate cancer || id:ieu-b-  Fibroblast growth factor 19 Inverse variance 1334563864 20 0.862066581
4809 levels weighted

GCST90274787  ieu-b-4809 Zg%sgate cancer | id:ieu-b- E\?erlosb'a“ growth factor 19 12 Eoger 1218208843 19  0.877695213

GCST90274789 ieU-b-4809 Prostate cancer || id:ieu-b- Fibroblast growth factor 23 Inv_erse variance - oei00c009 13 0.858752606
4809 levels weighted

GCST90274789  ieu-b-4809 e o |/ MTegl™ IFe'\t/’er:’sb'aSt growth factor 23\ Eoger 5309395571 12  0.943292617

GCST90274815  ieu-b-4809 Prostate cancer [| Id:1eu-b-ierieukin-6 levels Inverse variance ¢ 557420265 7 0.656615762
4809 weighted

GCST90274815  ieu-b-4809 Zg%sgate cancer [ id-ieu-b-yeroukin-6 levels MR Egger 4407260151 6  0.62174053
Prostate cancer || id:ieu-b- Latency-associated peptide Inverse variance

GCST90274818 ieu-b-4809 ' transforming growth factor . 17.45555995 19 0.559034204
4809 weighted

beta 1 levels

Prostate cancer | id:ieu-b- Latency-associated peptide

GCST90274818 ieu-b-4809 ' transforming growth factor MR Egger 15.24730321 18 0.644922175

4809

beta 1 levels
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Supplementary Table 6. Pleiotropy of significant traits in bidirectional two-sample Mendelian
randomization analyses.

:ed.exposur id.outcome outcome exposure gggﬁr_mter se pval
Prostate . .
GCST9027 . C-C motif chemokine  0.00079834 0.000736 0.292042
ieu-b-4809  cancer ||
4766 L 20 levels 3 657 493
id:ieu-b-4809
GCST9027 Prostate C-C motif chemokine 0000322 0.658357
ieu-b-4809  cancer || 0.00014442 '
4767 L 23 levels 384 841
id:ieu-b-4809 2
Prostate -
SﬁgTQOZ? ieu-b-4809  cancer || Fractalkine levels 0.00072837 O'Ooogég 0'401557)1
id:ieu-b-4809 1
Prostate . -
GCST9027 ieu-b-4809  cancer | C-X-C r_notlf 0.00092638 0.000738 0.222649
4784 . chemokine 9 levels 163 941
id:ieu-b-4809 9
Prostate .
GCST9027 ieu-b-4809  cancer | Fibroblast growth 0.00065224 0.000604 0.294234
4787 g factor 19 levels 665 809
id:ieu-b-4809
Prostate . -
GCST9027 . Fibroblast growth 0.000817 0.150214
4789 leu-b-4809  cancer || factor 23 levels L2554 103 006
id:ieu-b-4809 9
Prostate
GCST9027 ieu-b-4809  cancer | Interleukin-6 levels 0.00059362 0.000753 0.460952
4815 o 3 799 119
id:ieu-b-4809
Prostate Latency-associated
GCST9027 ieu-b-4809  cancer || peptide transforming 0.00071643 0.000482 0.154578
4818 J growth factor beta 1 7 118 933
id:ieu-b-4809
levels
Prostate -
%;?9027 ieu-b-4809  cancer || Neurturin levels 0.00067724 0'0002(6); 0'282882
id:ieu-b-4809 4
Interleukin-22
ieU-b-4809 GCST9027  receptor Prostate cancer || 0.00244192 0.006814 0.722496
4809 subunit alpha-  id:ieu-b-4809 7 004 281

1 levels
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Figure 2. Causal effects of significant inflammatory cytokines on Prostate cancer by forward
mendelian randomized analysis.
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Figure 1. Causal correlations of cytokines on Prostate cancer.
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Figure 3. Causal effects of Prostate cancer on significant inflammatory cytokines(IL-22) by
inverse mendelian randomized analysis.


http://www.tcpdf.org

