Pre prints.org

Article Not peer-reviewed version

Causal Role of Immune Cells in Prostate
Cancer: A Mendelian Randomization
Study

Jiabao Yin, Dawei Ni, Rong Li, Junhua Xi, Can Wei, Yanbin Zhang i
Posted Date: 15 November 2023
doi: 10.20944/preprints202311.0976.v1

Keywords: immune cells; prostate cancer; immunophenotype; mendelian randomization; two sample

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/3259011
https://sciprofiles.com/profile/3261654

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 November 2023

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting

from any ideas, methods, instructions, or products referred to in the content.

Article Not peer-reviewed version

Causal Role of Immune Cells in
Prostate Cancer: A Mendelian
Randomization Study

Jiabao Yin, Dawei Ni, Rong Li, Junhua Xi, Can Wei, Yanbin Zhang*
Posted Date: 15 November 2023

doi: 10.20944/preprints202311.0976.v1

Keywords: &nbsp;immune cells; prostate cancer; immunophenotype; mendelian randomization; two sample

E E Preprints.org is a free multidiscipline platform providing preprint service that
Ei' is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of
E-'rﬂr Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.


https://sciprofiles.com/profile/3259011
https://sciprofiles.com/profile/3261654
https://doi.org/10.20944/preprints202311.0976.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 November 2023

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article
Causal Role of Immune Cells in Prostate Cancer: A
Mendelian Randomization Study

Jiabao Yin 12, Dawei Ni 1%, Rong Li %, Junhua Xi 1, Can Wei !, Wei Wu 1, Xiaoliang Yang 1,
Junfeng Jing 1, Wei Qi * and Yanbin Zhang *

1 The Second People's Hospital of Hefei, Hefei 230011, China
2 Wannan Medical College, Wuhu 241002, China
* Correspondence: doczyb@sina.com

Abstract: Background: Increasingly, epidemiological surveys and experimental research findings indicate
the involvement of immune cells in the onset and progression of prostate cancer. However, it remains
unclear whether the relationship between specific immune cell types and prostate cancer is causal or
influenced by bias. Through a two-sample Mendelian randomization design, our study aims to uncover
the association between different immune cells and the risk of prostate cancer. Methods: A
comprehensive study was conducted to investigate the association between immunophenotypes and
prostate cancer risk. The study included a total of 731 immunophenotypes as potential exposure factors
and analyzed data from 182,625 individuals of European ancestry from the UK Biobank. A
screening of 12,097,504 single nucleotide polymorphisms (SNPs) was performed. The main analysis
utilized the two-sample Mendelian randomization method with inverse variance weighting (IVW).
Additionally, multiple analysis methods were combined, and various tests were conducted to assess
heterogeneity and pleiotropy. Results: The resulting study showed a causal relationship between a total of
34 immune phenotypes and prostate cancer. Among them, the four immune phenotypes of CD62L- DC
AC, CD19 on sw mem, FSC-A on plasmacytoid DC and HLA DR on monocyte simultaneously meet
three or more statistical methods, suggesting a significant causal relationship with prostate cancer.
Additionally, among the 34 immunophenotypes, CD28-CD8dim AC was shown to be positive in reverse
Mendelian randomization. Most of these cell phenotypes have been reported to be potentially
associated with prostate cancer. Conclusions: Our study demonstrates a causal link between immune
cells and prostate cancer risk. Filled in the possible roles of all current immune cell pathways in the
development and progression of prostate cancer. The next step is to verify the content and
influencing mechanism of these immune phenotypes in cancer cells and adjacent cells through
experiments, so as to provide new ideas and methods for the prevention and treatment of prostate cancer.

Keywords: immune cells; prostate cancer; immunophenotype; mendelian randomization; two
sample

1. Introduction

Prostate cancer (Pca) is one of the most common malignant tumors in men. According to the
American Cancer Society, prostate cancer is the second most common cancer in men and the second
leading cause of cancer death in men, diagnosed at a distant stage increased from 3.9 % to 8.2% over
the past decade'. The pathogenesis of PCa is still not fully understood, but age, genetic factors, and
chronic inflammation have been confirmed to be related to the development of prostate cancer?
+However, there are various adverse reactions to androgen deprivation therapy (ADT), an important
treatment for prostate cancer®s. At present, a large number of studies have confirmed that immune
cells play a key role in anti-tumor immunity in prostate cancer”. But research results on the causal
relationship between immune cells and prostate cancer are inconsistent. Related research shows that
dysfunction of natural immune cells and adaptive immune cells may lead to the occurrence and
development of prostate cancer'®!’. There are also studies indicating indicate that immune cell
activation and proliferation may be closely related to the progression of prostate cancer'>13.

Mendelian randomization analysis can use genetic variants that are strongly correlated with
exposure factors as instrumental variables (IV) to evaluate the causal relationship between exposure

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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factors and outcomes'. So far, although there are few studies on the causal relationship between
immune cells and disease levels, the experimental results are valuable. Zhang et al. 5and Cao et al. 16
studied the causal effects of immune cells on Schizophrenia (SCZ) and bone mineral densit
respectively, but there is no research on Pca yet. Therefore, this study performed a comprehensive
two-sample MR analysis to explore the causal role between immune cells and Pca

2. Materials and methods

2.1. Study design

This study utilized a two-sample Mendelian randomization analysis to assess the causal
relationship between 731 immune cell characteristics (divided into 7 groups) and prostate health.
Mendelian randomization employs genetic variation as a proxy for risk factors, with instrumental
variables meeting specific conditions for causal inference. These conditions include a direct
association between genetic variation and the exposure factor, no relationship between genetic
variation and potential confounding factors between the exposure factor and outcome, and genetic
variation not influencing the exposure factor via other pathways. As the analyses relied on publicly
available aggregate statistics rather than individual-level data, ethical approval from an institutional
review board was not required.

2.2. Immunity-wide GWAS data sources

GWAS summary statistics for each immune trait are available from the GWAS public catalog
(accession numbers from GCST90001391 to GCST90002121)"". A total of 731 immunophenotypes were
analyzed, including various parameters such as absolute cell counts (n=118), median fluorescence
intensities (MFI) reflecting surface antigen levels (n=389), morphological parameters (MP) (n=32),
and relative cell counts (n=192). The MFI, AC, and RC features encompass B cells, CDCs, mature
stages of T cells, monocytes, myeloid cells, TBNK (T cells, B cells, natural killer cells), and Treg panels.
The SNPs were imputed using a Sardinian sequence-based reference panel’s.

2.3. Genome-wide association study (GWAS) data sources for Pca

GWAS summary statistics of cellular immunity were obtained from the UK Biobank.
Additionally, genome-wide association study summary statistics for prostate cancer were obtained
from UK Biobank. The study involved 173,493 prostate cancer patients and 9,132 controls (a total of
182,625 Europeans) and analyzed 12,097,504 single nucleotide polymorphisms (SNPs).

2.4. Selection of instrumental variables (IVs)

The significance level of IVs for each immune trait was set to 1 x 10-5. To prune these SNPs, the
clumping procedure in the TwoSampleMR' packages (version 0.5.7) was used, with a linkage
disequilibrium (LD) 12 threshold of < 0.001 within a 100 kb distance. LD 12 was calculated based on
the 1000 Genomes Projects as a reference panel. For Pca, the significance level was also set to 1 x 10-5.
Subsequently, the MR pleiotropy residual sum and outlier (MR-PRESSO) test was applied to detect
potential horizontal pleiotropy and remove outliers to eliminate the effects of pleiotropy. Finally, the
proportion of phenotypic variation explained (PVE) and F statistic were calculated for each IV to
evaluate IV strength and avoid weak instrumental bias.

2.5. Statistical analysis

All analyses were performed using R 4.3.1 software (http://www.Rproject.org) .We used the
"Mendelian Randomization" and "TwoSampleMR" packages (version 0.5.7) to evaluate the causal
relationship between immune cells and prostate cancer. The causal effect was calculated by dividing
the SNP-outcome effect estimated by the SNP-exposure effect estimate. For cell immune phenotypes
containing multiple SNPs, multiple tests, including fixed-/random-effects inverse variance weighted
(IVW) test?, weighted median method?and MR-Egger were performed. Cochran's Q statistic and its
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corresponding p-value were utilized to assess heterogeneity among the selected IVs. In cases where
heterogeneity was observed, we opted for random-effects IVW instead of fixed-effect IVW. Odds
ratios (OR) and their 95% confidence intervals (CI) were employed to demonstrate whether immune
cells can predict prostate cancer risk. The MR-Egger? regression and MR-PRESSO? tests were
utilized to identify horizontal pleiotropy and potential outliers of SNPs, and corrected association
results were obtained after removing outliers.

2.6. Reverse Mendelian Randomization Analysis

All statistical analyses were conducted using R (version 4.3.1). The IVW, weighted median, and
MR-Egger regression methods were performed using the TwoSampleMR' package (version 0.5.7).
The MR-PRESSO test was performed using the 'MRPRESSO' package. The statistical significance of
the MR effect estimates was defined as a false discovery rate (FDR) of less than 0.05 to adjust for
multiple testing.

3. Result

3.1. Exploration of the causal effect of immunophenotypes on Pca

We detected a total of 35 immune phenotypes related to prostate cancer, including IgD- CD38-
%lymphocyte, IgD+ CD38br %lymphocyte, CD62L- monocyte AC, CD62L- monocyte %monocyte ,
etc., each immune phenotype Type includes at least 10 SNPs as IVs. Then, we evaluated the
association between these 34 immune phenotypes and Pca risk using five methods: MR Egger,
Weighted median, Inverse variance weighted, Simple mode and Weighted mode (Supplementary
Table S1).

Our analysis is mainly based on Inverse variance weighted (IVW), in which there are 16
immunophenotypes for prostate cancer risk factors and 18 immunophenotypes for protection (Figure
1).
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Figure 1. The Mendelian randomization tests of 34 immune cells linked to Pca. (A) the results of 5

gary Bom +6

Mendelian randomization tests in 34 immune cells linked toPca. (B) the forest map of IVW tests in 34
immune cells linked to Pca.

Through further analysis of the results, we found that there are 4 immune phenotypes that meet
Inverse variance weighted (P < 0.05), Weighted median (P <0.05) and MR Egger (P <0.05) at the same
time, namely CD62L- DC AC, CD19 on sw mem, FSC-A on plasmacytoid DC and HLA DR on
monocyte.The genomic information covered by SNPs in these cells can be found in Supplementary
Table S3.Scatter plot showing the relationship between immune cells and prostate cancer risk (Figure
2).
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Figure 2. Scatter plot of four immune cells, suggesting a causal relationship between them and Pca.
Analyses were conducted using the inverse-variance weighted, MR-Egger,, Weighted,Median, Simple
Mode and Weighted Mode methods. The slope of each line corresponding to the causal estimates for
each method. A: CD62L- DC AC; B: CD19 on sw mem; C: HLA DR on monocyte; D: FSC-A on
plasmacytoid DC.

Specific analysis, Inverse variance weighted (IVW) suggested that CD62L- DC AC has an
adverse effecl P=0.019) also had similar results. In addition, Weighted mode (OR=1.002,
95%CI=1.000~1.003, P=0.017) also supports this statement. Inverse variance weighted (IVW)
suggested that CD19 on sw mem has an adverse effect on Pca risk (OR=1.002, 95%CI=1.000~1.005,
P=0.049), Weighted median (OR=1.004, 95%CI=1.001~1.007, P=0.007) and MR Egger (OR=1.007,
95%CI=1.003~1.012, P=0.002). Inverse variance weighted (IVW) suggested that HLA DR on monocyte
has an adverse effect on the risk of Pca (OR=1.002, 95%CI=1.000~1.003, P=0.032), Weighted median
(OR=1.002, 95%CI=1.000~1.004, P=0.041) and MR Egger (OR=1.004, 95%CI=1.001~1.006, P=0.009).
Inverse variance weighted (IVW) suggested that FSC-A on plasmacytoid DC has a protective effect
on Pca (OR=0.998, 95%CI=0.997~1.000, P=0.007), Weighted median (OR=0.998, 95%CI=0.996~0.999,
P=0.008) and MR Egger(OR=0.998, 95%CI=0.996~0.999, P=0.014) (Supplementary Table S1).

Furthermore, both the intercept of MR-Egger, the global test of MR-PRESSO and leave-one-out
test (Figure 3) ruled out the possibility of horizontal pleiotropy for these four associations. Details of
the sensitivity analysis demonstrate the robustness of the observed causal associations.
(Supplementary Table S2, S4 and S5)


https://doi.org/10.20944/preprints202311.0976.v1
https://doi.org/10.20944/preprints202311.0976.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 November 2023

A isi00554 ® B
1517438107 )

7333519924 - 1567039362

3 Ts80268044

s 7 1512554848

15147678401 : 1556044553

X 52281460

5139058442

rsf855547

rs112701148

15139894456

rs6048352

575055130
15143140559
15116910026

s7T1894

1835740507

All . Al
' . ; v G 3 5 3 . g
0.000 0001 0.002 0.003 0.000 0.001 0.002 0.003 0.004 0.005
MR leave one out sensitivity analysis for MR leave—one—out sensitivity analysis for
* | idebi-a- GCSTR0001462° on Prostaie cancer | idicuh-4509" !l ddiebi-a- GCSTO0001740" an "Prostate eancer | idiicu 4809
C 7205000 D so4e004s
1574664695 z

162395272

;J 31 48074843
15228032
1559715840 % 5142573049
4801716 = v
3555033
TS57869679 4 LTS
1562045817 . 15115363051

19519437

31216 rsl 1581732
15144843975 31800973

r$4317514 .

152618014 157321974
15112068187 < 62005962
116474260 $

rs 13337372
1512235220
15142006783

51449650

1372990264

18722926 159270588
3l 13700682
All - All
3 i : ' o ' . o 5
0.003 0.002 0.001 0.000 ~0.001 0.000 0,001 0.002 0.003
MR leave—one—oul sensitivily analysis for MR leave—one—out sensitivity analysis for
*| idiebi-a- GCSTR0001964" on Prostate cancer | id:ien b-4809' ' idiehi-a GCSTH0002010' on 'Prosiate cancer | idiiow b 4809

Figure 3. Four types of cells leave-one-out method analysis results (P>0.05) , suggesting that all
four types of immune cells are robust. A: CD62L- DC AC; B: CD19 on sw mem; C: HLA DR on
monocyte; D: FSC-A on plasmacytoid DC.

3.2. Exploration of the causal effect of Pca onset on immunophenotypes

When we performed reverse MR analysis and tried to explore the causal effect of Pca onset on
immune phenotype, we also used double-sample MR analysis, using IVW as the main analysis
method. A statistically significant association was found between Pca and CD28- CD8dim AC (b: -
1.981, OR: 0.138, 95%CI = 0.027-0.714, P = 0.018), although the Weighted median (b: -2.248, OR: 0.106,
95% CI =0.010-1.123, P =0.062) and MR Egger (b: -1.718, OR: 0.179, 95% CI = 0.003-11.953, P = 0.429)
are no significance was detected, but The b values of other methods are consistent in direction with
the IVW method, and we believe that the main effect is valid (Table 1). Funnel plot, scatter plot, and
leave-one-out sensitivity analysis are shown in Figure 4. In the forward MR analysis, the IVW method
suggested that CD28- CD8dim AC had a significant relationship with the risk of Pca (OR: 1.002,
95%CI=1.000-1.004, P = 0.022), Weighted median (OR: 1.003, 95%CI = 1.000-1.005, P = 0.041) also had
similar results (Supplementary Table S1). Furthermore, both the intercept of MR-Egger and the global
test of MR-PRESSO ruled out the possibility of horizontal pleiotropy for these two associations.
Details of the sensitivity analysis demonstrate the robustness of the observed causal associations
(Supplementary Table S2).

In addition, gene information corresponding to the above five target immune phenotypes are
shown in Supplementary Table S3.
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6
Table 1. Reverse Mendelian randomization, Results of five analytical methods for CD28- CD8dim AC
in prostate cancer.

Method b or se 95% CI pval
MR Egger -1.718 0.179 2.142369 0.003-11.953 0.429
Weighted median -2.248 0.106 1.20578 0.010-1.123 0.062
Inverse variance weighted -1.981 0.138 0.839051 0.027-0.714 0.018
Simple mode -2.935 0.053 2.306732 0.001-4.884 0.213
Weighted mode -2.26 0.104 1.612439 0.004-2.461 0.171
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Figure 4. Reverse Mendelian randomization.The relationship between Pca and CD28- CD8dim AC,
from left to right are Funnel plot, scatter plot and leave-one-out method.

4. Discussion

In this study, we used the dual-sample MR method to extract and analyze a large amount of
genetic data, and explored the potential causal relationship between 731 immune cell traits and Pca.
Our results show that a total of 34 types of immune cells are significantly related to Pca, among which
CD62L- DC AC, CD19 on sw mem, FSC-A on plasmacytoid DC and HLA DR on monocyte are all
positive in at least three testing methods. In addition, CD28- CD8dim AC showed positive results in
both forward and reverse two-sample Mendelian randomization.

Our study found that the risk of Pca increased with the number of CD62L-DC ACs. CD62L- DC
AC is a subtype of DC that can activate their immune response by ingesting, processing, and
presenting foreign antigens to other immune cells, such as T cells and B cells. This type of cells plays
an important immune regulatory role in the body, promoting the body's clearance of pathogens and
maintaining immune homeostasis. Studies have shown that the use of dendritic cell (DC) vaccines to
treat prostate cancer, especially in advanced prostate patients, has a certain degree of clinically and
biochemically significant responses and has certain potential for the treatment of prostate cancer?. In
addition, dendritic cells also play an important role in the immunotherapy of prostate cancer?2.

CD19 on sw mem in the B cell has proven to be associated with elevaed SCZ risk. CD19 is a B
cell surface molecule that can participate in the signaling of B cell antigen receptors together with
another B cell surface molecule CD20, thereby regulating the immune response of B cells. Aws Saudi
et al., while studying the role of B cells in prostate cancer, found that compared to healthy donors,
the peripheral blood CD19+ B-cell compartment was significantly decreased in PCa patients?.

In addition, FSC-A on plasmacytoid DC, HLA DR on monocyte and CD28- CD8dim AC are also
significantly related to the risk of Pca. When Alessandro Sciarra et al.”® studied whether prostate
adenocarcinoma produces specific modifications in DC subsets count, they found that the
plasmacytoid DC count in prostate cancer patients was significantly reduced (P=0.002). Even if
prostate cancer was divided into localized and metastatic groups, it was compared with the healthy
group. Comparatively, the results were statistically significant (P=0.005 and P=0.023, respectively),
which is consistent with our findings.

In the study by B. Frey et al.’3, a decrease in HLA-DR expression on monocytes was detected in
all patients after stereotactic ablative body radiotherapy (SABR). It shows that there is a certain
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correlation between the increase of HLA DR on monocyte and the occurrence of prostate cancer.
Combined with our research, it can be proved that the increase of HLA DR on monocyte may be a
risk factor leading to the occurrence or progression of prostate cancer.

CD28- CD8dim AC is a T cell subset of Tregs. There are currently no studies reporting the
connection between it and Pca. However, Tregs play an important role in the occurrence and
development of prostate cancer. Studies have shown that immune evasion has become a major
obstacle to anti-cancer treatment, and inhibiting Treg function can effectively treat prostate cancer?-
31 which is consistent with the results of forward Mendelian randomization. When we studied the
causal relationship between CD28- CD8dim AC and Pca, we found that they also satisfied the positive
reverse Mendelian randomization. This means that they have a bidirectional causal relationship,
which has not been covered in previous studies, and may be related to a variety of biological
pathways and interactions.

This study conducted a two-sample MR analysis based on the published results of a large GWAS
cohort. The large sample size is approximately 180,000 people, so it has high statistical efficiency. The
conclusions of this study are based on genetic instrumental variables and use multiple MR analysis
methods for causal inference. The results are robust and not confounded by horizontal pleiotropy
and other factors. At the same time, our study has several limitations. First, our study population is
all European, so the conclusion may not be applicable to other ethnic groups, which also makes our
results not generalizable. Secondly, we used a relatively loose GWAS threshold (P &lIt; 1x10-5) as the
screening criterion, which may lead to false positive results and multiple hypothesis testing
problems, but at the same time it can also more comprehensively evaluate the relationship between
immune spectrum and Pca. causal connections between. Third, CD28-CD8dim AC, as a special type
of Treg, is positive for both forward and reverse Mendelian randomization. In order to gain a deeper
understanding of this relationship, more experimental research and data analysis may be needed.
However, it was not further explored in this study.

5. Conclusions

Our study used multiple MR methods to comprehensively evaluate the causal relationship
between a total of 731 immune phenotypes of 7 major immune cell types in the population and Pca,
showing evidence of risk assessment between 34 immune phenotypes and prostate cancer. At the
same time, more research is needed to confirm these results so that it can provide more ideas for
the prevention and immunotherapy of prostate cancer.

Supplementary Materials: The following supporting information can be downloaded at the
website of this paper posted on Preprints.org.
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