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Abstract:  

Utilizing a GWAS dataset for 46 antibody-mediated immune responses (AMIRs) defined by 13 infectious 

pathogens and four distinct breast cancer (BrCa) datasets, we applied bidirectional Mendelian randomization 

(MR) analysis to assess their causalities, supplemented by meta-analysis to resolve inconsistency. Forward 

MR demonstrated that Anti-human herpes virus (HHV) 6 IgG seropositivity (IVW: OR=1.01; 95%CI, 1.00–

1.02), HHV-6 IE1A antibody levels (IVW: OR=1.04; 95%CI, 1.02–1.06) and Helicobacter pylori (Hp) 

VacA antibody levels (IVW: OR=1.02; 95%CI, 1.00–1.04) were positively associated with BrCa risk. In 

reverse MR, BrCa was positively associated with Polyomavirus 2 JC VP1 (JCPyV) antibody levels (IVW: 

OR=1.07; 95%CI, 1.04–1.11), and negatively with Anti-Hp IgG seropositivity (IVW: OR=0.93; 95%CI, 

0.88–0.97) and Anti-varicella zoster virus (VZV) IgG seropositivity (IVW: OR=0.84; 95%CI, 0.79–0.90). 

Summary-data-based MR (SMR) analyses were performed to identify potential mediators. Functional 

analysis revealed the genes mapped to BrCa were enriched in microbial infection and immune-related 

pathways. These findings suggest HHV-6 and Hp are risk factors for BrCa and BrCa may increase 

susceptibility to JCPyV infection, which highlights the importance of preventing breast cancer by 

addressing pathogenic infections early and maintaining healthy microbiota. 

Keywords: Mendelian randomization (MR); Infectious pathogens; Breast cancer (BrCa); Antibody-

mediated immune responses (AMIRs) 

 

Introduction 

 

Breast cancer (BrCa), the most commonly 

diagnosed cancer worldwide in women, is a 

multifactorial disease with both genetic and 

modifiable risk factors
[1]

. Despite significant 

advances in diagnostics and therapeutics, BrCa-

related mortality remains high globally. Thus, 

alongside the investigation of modifiable risk 

factors, the search for improved strategies for 

disease management continues
[2]

. In addition to 

well-established risk factors such as hormone-

replacement therapy, alcohol intake, obesity, and 

physical inactivity
[3]

, the potential causal 

relationships between infectious agents and BrCa 

have gained considerable attention in recent 

years
[2, 4]

, particularly after studies a decade ago 

first revealed that the microbiome differs 

markedly between healthy and cancerous breast 

tissues
[2, 5]

.     

To date, previous studies have revealed few 

consistent patterns of perturbed microbial taxa. 

For example, Thompson et al found E. coli to be 

more abundant in normal breast adjacent tissue
[6]

; 
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while Urbaniak et al reported higher levels of E. 

coli in breast cancerous tissue
[7]

. In addition, 

several infectious agents, including human 

mammary tumor virus
[8]

, mouse mammary tumor 

virus (MMTV), Chlamydia trachomatis (C. 

trachomatis)
[9]

, bovine leukemia virus
[10]

, 

Helicobacter pylori (Hp)
[11]

, Epstein-Barr virus 

(EBV)
[8]

, human herpesvirus type-8
[12]

, simian 

vacuolating virus 40
[13]

, cytomegalovirus 

(CMV)
[14]

, human papillomavirus (HPV) have 

been considered potential breast oncogenic 

factors
[15]

. However, other studies have 

demonstrated no etiological correlation between 

HPV and BrCa
[16]

. Similar inconsistence has been 

reported by Maryam Kadivar et al  regarding the 

absence of EBV in BrCa
[17]

. Regarding human 

herpesvirus 6 (HHV-6),  Annie Gravel et al found 

no evidence of an association with BrCa risk
[18, 19]

. 

In summary, the causal relationships between 

pathogenic infections and BrCa from 

observational studies remain currently divergent 

and inconclusive. 

To some extent, this dispute is attributed to the 

extensive variation in study methods, sample 

sizes, and quality of evidence
[20]

. Additionally, the 

complexity of the causal association is further 

compounded by unmeasured confounding factors 

and potential reverse causation inherent in 

observational studies. The most notable 

confounder is that the presence of a perturbed 

microbiome in breast tumors is not proof of 

causation in itself 
[4, 21]

. In contrast, the growth of 

particular microbial species could result from the 

unique nutrient supply or immunosuppression 

within the tumor environment
[21]

. Therefore, 

alternative methods are need to strengthen the 

causal inference between pathogenic infections 

and BrCa.  

Mendelian randomization (MR) is a promising 

alternative method for inferring the causal 

relationship between an exposure and an outcome 

by using genetic variants as instrumental 

variables
[22]

. Since genetic variants are randomly 

allocated at birth, they are largely independent of 

self-selected behaviors and are established long 

before disease occurrence, thus minimizing 

confounders and reverse causality. Furthermore, 

most randomized controlled trials (RCTs) are 

time-consuming and expensive
[23]

. In contrast, a 

two-sample MR analysis allows genetic 

instrumental variables to be extracted from the 

summary statistics of large-scale, non-overlapping 

GWASs, effectively mimicking the design of 

RCTs
[24]

, thereby reducing time and costs. 

Using GWAS datasets for 46 antibody-mediated 

immune responses (AMIRs) involving 13 

infectious pathogens
[25]

 and four distinct BrCa 

datasets, we conducted two-sample bidirectional 

MR analysis to assess the causal associations 

between infectious agents and BrCa. Inverse 

variance weighted (IVW) and Bayesian Weighted 

MR (BWMR) methods were the primary 

approaches for determining the causality of the 

exposure on the outcome
[26]

, supplemented by 

meta-analysis to resolve inconsistencies
[27]

. To 

further investigate the molecular mechanisms 

underlying the causal relationships, we mapped 

the instrumental variables (IVs) to genes for 

Functional Enrichment. Summary-data-based MR 

(SMR) analysis was then conducted to detect 

potential mediating genes
[28]

. In conclusion, MR 

harnessed the statistical power of large, pre-

existing GWAS data to infer causal relationships 

between traits, enabling us to elucidate potential 

causal factors for the formulation of BrCa 

prevention strategies.  

Material and Methods 

Overview of the Study  

This study intended to assess the causal 

associations between human pathogenic infections 

and BrCa. A two-sample bidirectional MR design 

was employed, utilizing genetic instrumental 

variable analysis based on summary-level data 

with SNPs as instruments for the risk factor. The 

methods of this study strictly adhered to the 

STROBE-MR guidelines. For causal estimates 

from MR studies to be valid, three assumptions 

must be met: (1) the genetic variants are strongly 

associated with the exposure, (2) the genetic 

variants are not associated with any potential 

confounder of the exposure–outcome association, 

and (3) the genetic variants do not affect the 

outcome through any pathway other than the 

exposure
[29, 30]

. The overall study workflow is 

summarized as a flowchart in Figure 1. 

 

https://pubmed.ncbi.nlm.nih.gov/?term=Kadivar+M&cauthor_id=21207256
https://pubmed.ncbi.nlm.nih.gov/?term=Gravel+A&cauthor_id=27777240
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Figure 1: The overall study workflow of bidirectional MR analysis and SMR analysis. 

 

Data Source (GWAS Data of the AMIRs and 

BrCa) 

To explore the potential relationships between 

infectious agents and BrCa risk, we obtained the 

GWAS data of 46 AMIR phenotypes defined by 

13 infectious pathogens from the UK Biobank 

cohort (UKB). In the GWAS datasets, 8735 

individuals were incorporated for 15 

seropositivity case–control phenotypes and a 

range of 276–8555 samples for 31 quantitative 

antibody measurement phenotypes
[25]

. To 

guarantee enough statistical power to identify 

associated loci, the GWAS data of pathogens with 

a seroprevalence of >15% of the 20 original 

pathogens were chosen. 

To obtain reliable findings, BrCa-related single 

nucleotide polymorphisms (SNPs) were provided 

by four distinct GWAS datasets: (1) FinnGen 

Release 10 (C3_BREAST_EXALLC)
[31]

; (2) 

GCST004988
[32]

; (3) GCST90018799
[33]

 and (4) 

GCST90041886
[34]

. An overview of the GWAS 

summary statistics is listed in Table 1.  

 

Table 1: GWAS summary statistics utilized in this study 

GWAS data Phenotype Samples 

(nCase/nControl) 

SNPs Population Author 

FinnGen  

 

201,713 

(18,786/182,927) 

20,226,541 European  FinnGen 
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Genetic Instrumental Variables (IVs) selection 

To recognize high-quality SNPs as IVs, a series of 

stringent selection criteria were implemented. 

Initially, SNPs robustly associated with exposures 

were screened at genome-wide significance 

(p < 1 × 10
-5

). Second, the recognized SNPs were 

clumped for linkage disequilibrium (LD) with a 

strict cutoff of r
2
 < 0.001 within a window of 

10,000 kb, and LD was estimated with the 

European samples from the 1000 Genome 

Project
[35]

, using PLINK v1.9 in R software. 

Third, ambiguous or palindromic SNPs were 

removed. Furtherly, the F-statistic was calculated 

to mitigate the risk of weak instrument bias, 

applying a threshold of 10
[36]

.  

Given the higher susceptibility of cancer patients 

to certain infectious agents, we also enquired 

whether BrCa had a causal effect on infectious 

agents. SNPs (p < 5 ×10
-8

, r
2
 < 0.001, kb = 

10,000) from datasets of FinnGen, 

GCST90041886, and GCST90018799 were 

selected as IVs, while SNPs from GCST004988 

were selected with a criterion of (p < 5 × 10
-10

, r
2
 

< 0.001, kb = 10,000). Subsequently, the same 

quality control procedures as those for the AMIRs 

were conducted. 

Bidirectional two-sample MR Analysis 

The approach of bidirectional two-sample MR 

analysis is presented in Figure 1. First, the GWAS 

data of exposure and outcome were harmonized 

using the selected IVs as matching indexes. Then, 

we removed SNPs associated with confounders 

that interfere with the associations between 

infectious agents and BrCa. We used the NHGRI-

EBI GWAS Catalog (www.ebi.ac.uk/gwas), a 

Findable, Accessible, Interoperable and Reusable 

(FAIR) knowledgebase, to search if a list of SNPs 

(or SNPs in LD with those SNPs) have previously 

been significantly (P < 1 × 10
-5

) associated with a 

trait or disease
[37]

. According to the LDtrait Tool, 

SNPs were associated with alcohol intake, non-

BrCa-related tumors, other pathogen infections, 

autoimmune diseases, and smoking behavior were 

removed (Supplementary Table S1).  

We then performed the MR-PRESSO test to 

recognize pleiotropic outliers and remove 

candidate instruments. Cochran's Q test was 

employed to assess heterogeneity among the 

genetic variants (SNPs)
[38]

. Five complementary 

TSMR methodologies, including MR Egger, 

Weighted Median, IVW, Simple mode, and 

Weighted mode, were conducted in this MR to 

obtain valid causal inferences with some invalid 

IVs
[39]

. The IVW method, as the primary 

approach, showed the strongest ability to estimate 

causal relationships
[40]

. BWMR method, based on 

GWAS summary statistics, can efficiently infer 

the causality between a risk exposure factor and a 

trait or disease outcome
[41]

. MR-Egger method 

evaluates the causality through the slope 

coefficient of the Egger regression, which 

supplies a more robust evaluation free from 

ineffective IVs. Weighted median method can 

even protect against up to 50% of weak IVs
[40]

. 

Weighted mode method presents less bias and a 

lower type-I error rate to offer consistent 

estimates under the relaxed IV assumption
[42]

. To 

resolve inconsistent results from the four 

independent BrCa datasets, meta-analysis was 

subsequently performed to incorporate the results 

with a statistical significance via the IVW or 

BWMR method. We then conducted the leave-

one-out (LOO) sensitivity to test whether the 

results were driven by a single SNP
[43]

. MR 

analyses were performed with “TwoSampleMR” 

packages in R version 4.3.1. 

Mapping IVs to Genes 

FUMA GWAS tool is a platform used to map, 

annotate and visualize GWAS results. To 

understand the mechanism of the bidirectional 

causal associations between infectious agents and 

BrCa, we entered the SNPs (IVs) that were 

significant in the meta-analysis results into the 

GCST004988 BrCa 139,274 (76,192/ 

63,082)  

11,080,744 European  Michailidou 

K 

GCST90018799 337,280 (23,714/3 

13,566) 

24,103,144 European & 

East Asian 

Sakaue S 

GCST90041886 456,276 (10,152/ 

446,124) 

11,796,984 European  Jiang L 

AMIRs Defined by 

infectious agents 

NA NA European Butler-

Laporte G 

http://www.ebi.ac.uk/gwas
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FUMA GWAS tool. Hence, these lead SNPs of 

each phenotype were mapped to genes by 

adopting the SNP2GENE tool
[44]

.  

GO Function and KEGG Analysis of mapped 

gene 

To categorize and evaluate mapped genes, Gene 

Ontology (GO) enrichment analysis was delivered 

based on cellular component (CC) and molecular 

function (MF) by "clusterProfiler" package in R 

studio. Kyoto Encyclopedia of Genes and 

Genomes (KEGG) Pathway involves the 

knowledge of the molecular interaction, reaction 

and relation networks for metabolism, genetic 

information processing, cellular processes, 

organismal systems, human diseases and drug 

development
[45]

. 

SMR Analysis of mapped gene 

SMR analysis can be explained as an approach 

that combines GWAS and eQTL data to identify 

genes associated with complex traits by 

pleiotropy. The methodology can achieve a higher 

statistical power to test the expression level of a 

gene in relation to a phenotype than classical MR 

analyses. Cis-eQTLs (cis expression quantitative 

trait loci, cis-eQTLs) data was derived from the 

eQTLGen consortium (https://eqtlgen.org/). SMR 

test employs the default parameters recommended 

by the developers of the SMR software version 

1.3.1. The HEIDI (heterogeneity-independent-

instruments) test was applied to distinguish 

pleiotropy, where P-HEIDI > 0.05 indicated no 

pleiotropy. The false discovery rate (FDR) 

correction was used to resolve multiple testing 

concerns
[46]

.  

Results 

The causal relationships of AMIRs on BrCa 

Overview for Effect of AMIRs on BrCa 

To explore the causal effect of infectious agents 

on BrCa, we extracted a total of 1147 SNPs (IVs) 

from 46 AMIRs phenotypes. After removing 15 

SNPs related to confounders (Supplementary 

Table S1) and performing quality control, the 

numbers of harmonized SNPs in distinct GWAS 

data of BrCa, including the “FinnGen”, 

“GCST004988”, “GCST90018799” and 

“GCST90041886” studies, were 1019, 1097, 

1091, and 1068, separately. The IVs mapping to 

the 46 AMIRs phenotypes ranged from 10 to 84 

SNPs, with a minimum F statistic of 19.41, 

indicating the absence of weak instrument bias in 

the MR analysis (Supplementary Table S2-5).   

Subsequently, the IVW method and BWMR 

analysis, as the primary methods in MR analysis, 

were conducted. As shown in Figure 2, the IVW 

method or BWMR results (P < 0.05) revealed 12 

AMIRs with potential causal effects on BrCa, 

including C. trachomatis, Hp, EBV, HHV-6 and 

Human polyomavirus JCV (JCPyV). In contrast, 

antibody responses against Herpes simplex virus-

1/2, Human CMV, Varicella zoster virus (VZV), 

Toxoplasma gondii, HHV-7, Human 

polyomavirus BKV, and Merkel cell 

polyomavirus showed no evidence of causality on 

BrCa.

  

 
Figure 2: The random-effect results of IVW and BWMR analysis for the causative effect of 

pathogenic AMIR phenotypes on the risk of BrCa. 
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Meta-analysis of the MR Results from four 

separate BrCa Datasets  

Due to inconsistencies in the MR results across 

the four BrCa datasets, we applied meta-analysis 

tools to aggregate seven significant causative 

relationships identified by both IVW and BWMR 

methods (P < 0.05) (Figure 3). As illustrated in 

Figure 4, the results revealed three significant 

overlapping causal relationships: Anti-HHV-6 

IgG seropositivity [IVW (OR 1.01; 95% CI, 1.00–

1.02; p < 0.01); BWMR (OR 1.01; 95% CI, 1.00–

1.02; p < 0.01)], HHV-6 IE1A antibody levels 

[IVW (OR 1.04; 95% CI, 1.02–1.06; p < 0.001); 

BWMR (OR 1.04; 95% CI, 1.02–1.07; 

p < 0.001)], and Hp VacA antibody levels [IVW 

(OR 1.02; 95% CI, 1.00–1.04; p < 0.05); BWMR 

(OR 1.02; 95% CI, 1.00–1.04; p < 0.05)], each 

showing a positive causal relationship on BrCa. 

As indicated in Supplementary Tables S6–S9, 

no evidence of pleiotropy or heterogeneity was 

observed among these three causal associations. 

The results of the LOO sensitivity analyses are 

presented in Supplementary Figures S1–S12.

 

 
Figure 3: Meta-analyses for the statistically significant causalities of AMIRs on BrCa. (*p < 0.05, **p 

< 0.01, ***p < 0.001) 

 

 
Figure 4: AMIRs of Significant causal effects on BrCa based on meta-analysis. 
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Mapping IVs of AMIRs to genes and SMR 

analysis 

To explore the molecular mechanisms underlying 

the forward causal relationships, we evaluated the 

gene mappings of the IVs for each of the three 

significant exposures using the SNP2GENE tool. 

The 50 genes associated with IVs are detailed in 

Supplementary Table S10. After excluding 

genes with a HEIDI test (p < 0.05) and adjusting 

for FDR > 0.05, we identified ten genes with 

causal associations with BrCa, including 

TANGO2, RBP7, RNLS, DOCK3, LZIC, ITGA9, 

NMNAT1, ZBP1, BNC2 and ZWINT. Notably, 

BNC2, associated with IVs of HHV-6 IE1A 

antibody levels, was found to be associated with 

two distinct GWAS datasets of BrCa (Figure 5). 

 

 
Figure 5: Forest plot of the mapped genes with a putative causal effect on BrCa via SMR analysis. 

 

The causal relationships of BrCa on AMIRs 

Overview of the causal effect of BrCa on AMIRs 

To explore the causal relationships in the reverse 

direction, after removing 29 SNPs related to 

confounders (Supplementary Table S11) and 

performing quality control, the numbers of 

harmonized SNPs corresponding to the four 

independent GWAS datasets of BrCa (“FinnGen”, 

“GCST004988”, “GCST90018799” and 

“GCST90041886”) were 1839, 3905, 1793 and 

781, respectively. With a minimum F statistic of 

29.80, the IVs for the 46 AMIRs ranged from 16 

to 85 SNPs (Supplementary Tables S12–S15). 

Using these SNPs (IVs), we performed further 

MR to investigate the causal effect of BrCa on 

infectious agents.  

Across IVW and BWMR approaches, we found 

no evidence for a causal effect of BrCa on 

antibodies against C. trachomatis, Herpes simplex 

virus-1/2, EBV, Human CMV, HHV-7, 

Toxoplasma gondii, Merkel cell polyomavirus, 

and Human polyomavirus BKV. However, the 

results demonstrated five suggestive and unique 

causal associations (P < 0.05) with infectious 

agents, including Hp, HHV-6, VZV, and Human 

polyomavirus BKV/JCV (Figure 6). 
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Figure 6: The random-effect of IVW and BWMR analyses of BrCa on the risk of the 46 AMIR 

phenotypes. 

 

Meta-analysis of the MR Results for the Distinct 

Datasets of BrCa 

To resolve inconsistencies of MR results among 

the four distinct BrCa datasets, meta-analyses of 

IVW and BWMR results were similarly 

conducted (Figure 7). The results demonstrated 

statistically significant overlapping causal 

relationships among the three associations 

presented in Figure 6. Specifically, BrCa was 

positively associated with Polyomavirus 2 JC VP1 

antibody levels [IVW (OR 1.07; 95% CI, 1.04–

1.11; p < 0.001); BWMR (OR 1.07; 95% CI, 

1.03–1.11; p < 0.001)], and negatively associated 

with Anti-Hp IgG seropositivity [IVW (OR 0.93; 

95% CI, 0.88–0.97; p < 0.01); BWMR (OR 0.93; 

95% CI, 0.88–0.99; p < 0.05)] and Anti-VZV IgG 

seropositivity [IVW (OR 0.84; 95% CI, 0.79–

0.90; p < 0.001); BWMR (OR 0.84; 95% CI, 

0.78–0.90; p < 0.001)] (Figure 8). As indicated in 

Supplementary Tables S16-S19, no evidence of 

pleiotropy or heterogeneity was observed among 

these three causal associations. The results of the 

LOO sensitivity analyses are presented in 

Supplementary Figures S13-S24.

 

 
Figure 7: Meta-analyses of the significant causal effects of BrCa on AMIRs. (*p < 0.05, **p < 0.01, 

***p < 0.001) 
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Figure 8: Significant causal effects of BrCa on AMIRs based on meta-analysis 

 

Functional Enrichment and SMR Analyses 

To obtain molecular insight into the reverse 

causality, the IVs (SNPs) of BrCa were mapped to 

genes using the SNP2GENE tool, with the 201 hit 

genes recorded in Supplementary Table S20. To 

further understand the biological mechanisms of 

these mapped genes, GO analyses based on 

cellular component (CC) and molecular function 

(MF), as well as KEGG analysis, were performed. 

As shown in Supplementary Table S21, the 

enriched functional pathways of these genes 

include nucleosome (GO:0000786), protein-DNA 

complex (GO:0032993), DNA packaging 

complex (GO:0044815), euchromatin 

(GO:0000791), structural constituent of chromatin 

(GO:0030527), sodium: phosphate symporter 

activity (GO:0005436), solute: monoatomic cation 

symporter activity (GO:0015294), solute: sodium 

symporter activity (GO:0015370), lipopeptide 

binding (GO:0071723), Toll-like receptor binding 

(GO:0035325), symporter activity (GO:0015293), 

NAD+ nucleosidase activity (GO:0003953), 

NAD(P)+ nucleosidase activity (GO:0050135), 

and NAD+ nucleotidase, cyclic ADP-ribose 

generating(GO:0061809) process. Additionally, 

KEGG analysis revealed that the genes mapped to 

BrCa were enriched in the Systemic lupus 

erythematosus pathway (p-adjust<0.05) 

(Supplementary Table S21). After excluding 

genes with a HEIDI test (p < 0.05) and adjusting 

for FDR > 0.05, SMR analysis identified 13 genes 

with putative causal effects on any of the four 

AMIRs, as listed in Figure 9. 

 

 
Figure 9: Forest plot of SMR analysis results of the causal effect of mapped genes on AMIR. 
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Discussion 

BrCa is a heterogeneous disease with incidence 

and mortality rates differing across countries, 

attributed to a combination of genetic 

predisposition, lifestyle choices, and 

environmental factors.  Recent observational 

studies have shown that pathogenic agents are 

related to breast oncogenesis; however, whether 

these associations are causal remains 

inconclusive. This study employed bidirectional 

two-sample MR analyses to systematically assess 

the causal associations between 13 infectious 

agents and BrCa.  

In the forward MR analysis, our results showed 

three AMIRs with statistically significant 

evidence of potential causal effects on BrCa 

across meta-analysis. Specifically, Anti-human 

herpes virus 6 IgG seropositivity, Human herpes 

virus 6 IE1A antibody levels and Helicobacter 

pylori VacA antibody levels were positively 

correlated with BrCa risk, indicating that 

pathogenic agents such as HHV-6 and Hp are risk 

factors for BrCa. Meanwhile, although Anti-

Chlamydia trachomatis tarp-D F2 antibody levels 

and Epstein-Barr virus EBNA-1 antibody levels 

are demonstrated to be positively related to BrCa 

risk in some GWAS datasets of BrCa, our meta-

analysis revealed no statistical significance. 

Regarding previous studies that have reported C. 

trachomatis
[9]

, EBV
[8]

 and Hp
[11]

 as being 

associated with BrCa, our results support H. 

pylori as a potential pathogenic agent. 

Additionally, our results provide evidence for 

HHV6 as a risk factor for BrCa, with no prior 

evidence of the causal association reported. In 

brief, these findings highlight the importance of 

preventing breast oncogenesis at the onset of these 

infections through the rational use of antibiotics, 

antiviral agents, and probiotics, as well as the 

need to maintain a healthy microbiota. However, 

due to the reliance on a single AMIR phenotype 

for each corresponding pathogen, these results 

should be interpreted with caution. More 

experimental and epidemiological evidence is 

needed to confirm these causal associations in the 

future. 

Furthermore, SMR analysis of genes mapped by 

IVs of these AMIRs was conducted, suggesting 

the corresponding oncogenic pathogens may 

affect BrCa through these genes. Notably, among 

the genes related to AMIRs in our SMR analysis, 

BNC2 (rs12350739) was identified as a protective 

factor for BrCa; BNC2 was previously reported as 

a putative tumor suppressor gene in high-grade 

serous ovarian carcinoma
[47]

 and a protective 

factor in cutaneous squamous cell carcinoma
[48]

. 

The protective role is the same as the genes of 

RBP7 and ZBP1, with RBP7 being reported as a 

tumor suppressor for breast cancer
[49, 50]

 and ZBP1 

essential for host defense against viruses
[51]

. 

Otherwise, DOCK3 and NMNAT1 were 

identified as risk factors for BrCa; NMNAT1 was 

demonstrated to prevent apoptosis of acute 

myeloid leukemia stem cells by governing 

Nuclear NAD
+
 homeostasis

[52]
. Other genes in this 

study, having not been reported to be directly 

relevant to or contradictorily associated with 

BrCa
[53, 54]

, may provide new clues for prospective 

explorations on the mechanism of action between 

infectious pathogens and BrCa.  

Although much effort in this study was made to 

investigate the mechanism of action between 

infectious pathogens and BrCa, it remains 

uncertain. According to previous studies
[8]

, 

multiple biological process are hypothesized for 

infection-mediated oncogenesis, includes 

affecting estrogen levels, lipid metabolism, 

genomic instability, proliferative signaling, 

immune regulation, modification of the tumor 

microenvironment and inflammatory response. 

Epstein–Barr nuclear antigen 1 (EBNA1), 

necessary to maintain stability of EBV particles 

and EBV replication, has been shown to enhance 

genomic instability, favoring mammary 

oncogenesis. H. pylori was reported to increase 

the risk of cancer not only for the prolonged 

immune activation and durative production of 

inflammatory factors
[55]

, but also the 

expressed cagA and s1a vacA genes
[56]

. C. 

trachomatis infection was reported to be 

associated with the development of hormone-

responsive breast cancer in females with high 

levels of IL-12
[9]

. Given the role of pathogenic 

infections in chronic inflammation, inflammation-

mediated oncogenic processes and immune 

dysregulation, it is credible special microbes are 

relevant to the development of special 

cancers. More effort should focus on the 

underlying mechanisms linking infectious agents 

to breast cancer in the future for the development 

of precision medicine and personalized treatment 

strategies.    

https://www.discoverymedicine.com/tag/genomic-instability/
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In reverse MR analysis, we demonstrated BrCa 

was positively correlated with Polyomavirus 2 JC 

VP1 antibody levels, while negatively with Anti-

helicobacter pylori IgG seropositivity and Anti-

varicella zoster virus IgG seropositivity, which 

suggests BrCa may increase the risk of JCPyV 

infection but a protective factor for infectious 

agents, like Hp and VZV. Hence, these results 

strengthen the credibility of the forward causal 

relationship.  

To further explore the mechanism of the causal 

relationships between BrCa and infectious 

pathogens, we performed a GO, KEGG and SMR 

analysis based on BrCa’s IV-mapped genes of 

significantly causal effect on AMIRs. The 

enriched functional pathways associated with 

these genes include five DNA packaging-

associated cellular compartments (nucleosome 

(GO:0000786), protein-DNA complex 

(GO:0032993), DNA packaging complex 

(GO:0044815), euchromatin (GO:0000791), 

strctural constituent of chromatin 

(GO:0030527))
[57]

, sodium: phosphate symporter 

activity (GO:0005436)
[58]

, solute: monoatomic 

cation symporter activity (GO:0015294), 

lipopeptide binding (GO:0071723), solute:sodium 

symporter activity (GO:0015370), Toll-like 

receptor binding (GO:0035325)
[59]

, NAD+ 

nucleosidase activity (GO:0003953)
[60]

, NAD(P)+ 

nucleosidase activity (GO:0050135), cyclic ADP-

ribose generating (GO:0061809), symporter 

activity (GO:0015293)
[58]

. All of them have been 

shown to play significant roles in microbial 

infection. Our KEGG analysis showed that the 

gene mapped of BrCa were enriched in Systemic 

lupus erythematosus process, which indicates 

autoimmune disorder and chronic inflammation. 

These findings suggest a causal relationship 

between BrCa and pathogen susceptibility through 

a common pathway. These genes provide 

important clues to design further functional 

studies to understand the mechanism whereby 

DNA variation leads to complex trait variation.  

Undoubtedly, the results should be cautiously 

interpreted in combination with their own 

restrictions. First, only 13 infectious pathogens we 

used did not cover the diversity of infectious 

agents and the AMIRs data was derived from solo 

GWAS dataset, which may impair the study's 

accuracy. In addition, the BrCa patients from four 

distinct GWAS datasets, mainly confined to 

European populations, may not be a representative 

of the entire community. Third, with the minimal 

F-statistic values＞10, suggesting the potential for 

weak instrumental bias to be low, there was likely 

some overlap between exposure and outcome 

participants. Fourth, assessments from MR studies 

of unrelated individuals can be biased for variable 

environmental and social factors, such as diverse 

gender structure and varied reproduction rate. 

Finally, we employed several complementary 

approaches to infer robust causal estimates, it still 

suffered pleiotropy and weak instrument bias, 

which could make the result inaccurate. 

Conclusion 

Collectively, this study employed MR, 

complemented with sensitivity analysis, to assess 

the bidirectional causal associations between 

infectious agents and BrCa. Through meta-

analysis to resolve inconsistencies, our findings 

disclosed possible causal links with strong genetic 

evidence between infectious agents and BrCa, 

with HHV-6 and H. pylori identified as risk 

factors for BrCa. In the reverse direction, BrCa 

may increase susceptibility to JCPyV infection 

and confer relative immunity to infectious agents 

such as H. pylori and VZV. These insights will 

contribute to better prevention and intervention 

strategies at the pathogenic level for modifiable 

risks associated with BrCa. 
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