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Benign prostatic hyperplasia (BPH) is a prevalent urinary system disorder. Despite evidence of a 
significant genetic component from previous studies, the specific pathogenic genes and biological 
mechanisms are still largely unknown. The study utilized the FinnGen R10 dataset, encompassing 
177,901 individuals (36,601 cases and 141,300 controls), and the GTEx v8 EQTLs files to conduct 
single-tissue and cross-tissue transcriptome-wide association studies (TWAS). FUSION method was 
utilized to validate the findings in specific tissues. Gene Analysis and Multi-marker Analysis of Genomic 
Annotation (MAGMA) were used to identify potential susceptibility genes. The intersection genes 
of the above results were analyzed by Mendelian randomization (MR), summary data-based MR 
(SMR) and colocalization studies. Fine-mapping of causal gene sets (FOCUS) software was employed 
to accurately locate risk genes. Gene Expression Omnibus (GEO) analysis explores the differential 
expression of genes. Finally, The GeneMANIA tool was utilized to further understand the functional 
roles of these susceptibility genes. The cross-tissue TWAS analysis revealed 28 genes associated with 
BPH susceptibility. Single-tissue TWAS and MAGMA further refined eight genes, and subsequent 
MR, SMR, FOCUS and colocalization analysis pinpointed INO80B as the key gene. The differential 
expression of this result was verified by GEO. INO80B may help prevent excessive prostatic cell 
proliferation by regulating cell cycle-related gene expression. Our research identified the INO80B 
gene, whose predicted expression is associated with BPH risk and hence provided a new insight into 
the genetic basis of this disease. However, further functional studies are necessary to elucidate the 
potential biological activity of these significant signals.
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Benign prostatic hyperplasia (BPH) is a prevalent chronic urological condition marked by nonmalignant prostate 
enlargement, resulting in lower urinary tract symptoms (LUTS) that considerably impact patients’ quality of 
life and daily activities1. BPH is of vital concern for world health due to its high prevalence and the significant 
resources it requires from health services. According to estimates from the Global Burden of Disease Study 2019 
in Lancet, BPH is among the leading causes of DALYs among elderly males2. The incidence of BPH increases 
with age, affecting roughly 50% of men between 50 and 60 years and nearly 90% of those men over 80 years of 
age3,4. The condition imposes considerable economic costs due to the need for medical treatment and surgical 
interventions, and it also impacts patients’ psychological well-being and social interactions, further underlining 
the importance of effective management and therapeutic strategies5.

A study on the genetic susceptibility of benign prostatic hyperplasia (BPH) revealed that the lifetime 
cumulative risk of male relatives of early-onset BPH patients undergoing prostatectomy due to BPH is as high as 
66%.The autosomal dominant model indicates that 7% of men with early-onset BPH possess a gene with an 89% 
lifetime penetrance6. The polygenic effect is considered due to many genetic variants carrying individually small 
effects, which sum up to influence the disorder. Recent genome-wide association studies (GWAS)estimated that 
about 60% of variation in phenotypes related to BPH risk is accounted for by genetic factors7. Whereas specific 
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mutations may account for rare hereditary forms of BPH, most cases are mediated by the interplay of many 
genetic factors. Recent GWAS identified 14 risk loci associated with BPH8. However, many of the identified loci 
reside in non-coding regions; this implication certainly makes the determination of functional roles of these 
regions very complicated9. Furthermore, complex LD patterns may mask the identification of causal variants 
responsible for those associations10.

Transcriptome-wide association studies (TWAS) incorporate eQTL information with summary statistics 
from GWAS to provide candidate genes and probe gene phenotype associations11. A most recent significant 
development in this study is the Unified Test for Molecular Signature (UTMOST), a novel gene-level association 
analysis across multiple tissues12. UTMOST provides a unique solution not captured by other single-tissue 
approaches and utilizes a “group-lasso penalty” in improving the precision and efficiency of imputation models. 
This model allows shared eQTL effects across tissues while also identifying significant tissue-specific eQTL 
effects. In this study, besides the major effect attributed to prostate tissue in BPH, there are associations with 
other tissue types. (Fine-mapping of causal gene sets) FOCUS is a statistical approach that identifies putative 
causal genes by leveraging eQTL weights, LD patterns, and GWAS summary statistics through null model 
prioritization. This method demonstrates particular efficacy in detecting disease-associated genes when regional 
genetic elements influence downstream phenotypes13.

Herein, we conducted a cross-tissue TWAS in which the summary statistics of the BPH GWAS were 
combined with eQTL data sourced from the Genotype-Tissue Expression Project (GTEx) v8. In addition, we 
conducted tissue-specific association tests using FUSION14, FOCUS and further replication was conducted with 
Multi-marker Analysis of Genomic Annotation (MAGMA)15. Bioinformatic investigations of candidate genes 
followed MR, after colocalization.

Materials and methods
The study flow is illustrated schematically in Fig. 1.

Data sources of BPH
The summary statistic GWAS data for BPH were retrieved from the FinnGen R11 dataset ​(​​​h​t​t​p​s​:​/​/​r​1​1​.​f​i​n​n​g​e​n​.​f​i​
/​​​​​) on of genes across 49 distinguishable tissues16. To verify the stability of the results, the study of Jiang et al. was 
used as a validation set17.

Cross-tissue TWAS analyses
UTMOST analyses were applied to multi-tissue data to estimate the overall gene-trait associations at an 
organismal level. This approach allows more gene discoveries in tissues enriched for trait heritability and/
or higher imputation accuracy of underlying signal12. For tissue-wise integrated association, we applied the 
generalized Berk-Jones (GBJ) test which uses covariance obtained from single tissue summary statistics18. 
Significance was taken as FDR < 0.05 after applying FDR correction.

Single-tissue TWAS analyses
To interrogate disease-gene associations in BPH, we performed a comprehensive TWAS using the FUSION 
method, where we integrated BPH GWAS with the eQTL data from 49 different tissues in GTEx V819. We 
first characterized the linkage disequilibrium (LD) between single nucleotide polymorphisms (SNPs) of the 
prediction model in respect to each GWAS locus. with 1,000 Genomes Project European population data. For 
each tissue and gene, we combined gene expression predictions based on the following multiple statistical models: 
BLUP, BSLMM, and LASSO, and Elastic Net models. In the final model, we also used the best 1 model for each 
tissue and gene. To compute gene expression weights, we used the best weight model in terms of prediction 
performance. Z-scores from the BPH GWAS and weights derived from the gene expression predictions were 
used to perform the TWAS. We also tried to find any genetic associations to migraine and conducted the TWAS 
to this disease. Candidate genes were allowed to pass the significance threshold if they had an FDR < 0.05 in the 
cross-tissue TWAS and at least one single-tissue TWAS. Candidate genes in such a multi-step process amazing 
from the cross-fertilization of genes associated with different diseases that are previously done and hence provide 
a new insight into the genetic base of complex diseases.

Conditional and joint analysis
In FUSION, identifying multiple features within a genetic locus necessitates determining their conditional 
independence. We employed the COJO analysis module in FUSION for post-processing to isolate independent 
genetic signals19. The COJO analysis improves our comprehension of genetic architecture by considering LD 
among markers, providing a more detailed perspective on trait variation20. After conducting this analysis, 
genes that maintained their significance were classified as jointly significant, indicating strong independent 
associations. Conversely, genes that lost significance were deemed marginally significant, reflecting their 
conditional dependency on other genetic factors.

FOCUS for precise gene location
FOCUS software was employed to fine-map transcriptome-wide associations between genetic variants and 
disease risk regions. The platform integrates GWAS summary statistics with multi-tissue eQTL weights, 
including GTExv8 PrediXcan data, to identify probable causal genes13. Risk genes were identified using dual 
criteria: marginal posterior inclusion probability > 0.8 and P < 5 × 10−8.
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MAGMA for gene annotation
We used MAGMA with default parameters to aggregate the SNP-level association statistics into gene scores in 
all our gene analyses. In this way, the extent of association of each separate gene with the investigated phenotype 
could be appraised21,22. For detailed parameter settings and methodology, follow the original MAGMA 
documentation15.

Fig. 1.  The flowchart of this study.
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Bayesian colocalization and MR
Key genes identified from the convergence of MAGMA, UTMOST, and FUSION analyses underwent further 
investigation through MR, SMR, FOCUS and Bayesian colocalization. MR study employed cis-eQTL SNPs as 
instrumental variables (IVs) under the conditions of p < 5 × 10−8, R2< 0.001, and a 10,000 kb window size23. When 
only a single IV was available, the causal effect was estimated using the Wald ratio method, with significance 
determined at p < 0.05. it’s worth noting that summary data-based Mendelian randomization (SMR) offers 
greater statistical power compared to traditional MR analyses by leveraging top-ranked cis-QTLs. We selected 
the optimal cis-QTL within a 1,000 kb window centered on the gene of interest, using a stringent significance 
threshold of p < 5.0 × 10−8. Furthermore, to mitigate the potential confounding effects of pleiotropy and linkage, 
we excluded SNPs with an allele frequency difference greater than 0.2 in paired datasets and employed the 
(heterogeneity in dependent instrument) HEIDI test. A p-value less than 0.01 was considered indicative of 
pleiotropic associations24. Bayesian co-localization analysis was performed to verify the posterior probability 
(PP) of the five possible relationships25, A posterior probability (PPH4) exceeding 0.7 suggests a shared causal 
variant between GWAS and eQTL25,26. All analyses were carried out using the “TwoSampleMR” and “coloc” R 
packages27.

Gene expression omnibus (GEO) analysis
To identify differentially expressed genes (DEGs) between BPH and normal prostate tissues, we analyzed the 
GSE3868 dataset from the Gene Expression Omnibus (GEO) database. The analysis included two BPH samples 
and two matched normal prostate samples. Following data normalization, DEGs were determined using the 
GEO2R online tools(https://www.ncbi.nlm.nih.gov/geo/geo2r/). The cut off criterion was set as adj.pval < 0.05 
and (log2 fold change [FC]) > 1.

GeneMANIA analysis
The GeneMANIA platform28 (https://genemania.org/) integrates various datasets, including genetic interactions, 
pathways, and co-expression data, to provide insights into target genes and their functions. By incorporating 
these diverse gene-function relationships, GeneMANIA enhances our understanding of the biological roles and 
interactions of the target genes29.

Results
TWAS analyses results of BPH
Of those, a total of 314 genes reached significance in the cross-tissue TWAS analysis at P < 0.05 (Supplemental 
Table 1), of which 28 genes remained significant after FDR correction at PFDR < 0.05 (Table 1). In the validation 
dataset, the cross-tissue analysis screened a total of 4 important genes after FDR correction (PFDR < 0.05) 
(Supplemental Table 2). In the single tissue TWAS analysis, 493 genes across at least one tissue reached PFDR < 0.05 
(Supplemental Table 3). In contrast, in the single-tissue analysis of the validation dataset, a total of 54 significant 
genes were identified after FDR correction (Supplemental Table 4). Given that there was no intersecting genes 
in the validation set, subsequent analyses were further explored using the discovery cohort. Thus 12 candidate 
genes passed strict screening thresholds in both cross-tissue and single-tissue analyses in discovery set. The 
genes included eleven protein-coding genes (FGFR3, INO80B, TACC3, PTPN13, OXER1, SPARCL1, SMIM43, 
MTMR3, BCL11A, FEZ2, NT5C1B) and one non-coding gene (CHKB-DT) (Supplementary Table 5).

COJO analysis
COJO analysis was performed on the 12 candidate genes, mainly found on chromosomes 2, 4, and 22, in their 
respective tissues to eliminate false positives caused by linkage disequilibrium (LD) (Supplementary Table 6). in 
Adipose_Subcutaneous tissue, the regulation of FGFR3 expression resulted in a significant reduction of TWAS 
signaling in TACC3, a result that was validated in Artery_Coronary tissue. Meanwhile, BCL11A, SMIM43, 
OXER1, CHKB-DT, INO80B, and SPARCL1 did not exhibit false-positive results (Supplementary Fig. 1). due to 
their significance in TWAS results from only a single tissue and the potential impact of LD, NT5C1B, PTPN13, 
FEZ2, and MTMR3 were excluded from further analyses.

Gene analysis of MAGMA
The gene-based scan by MAGMA gave 443 genes associated with the BPH phenotype after FDR correction 
(p < 0.05) (Supplemental Table 7). Next, the ten most significant genes in the Bonferroni correction were labeled 
on the Manhattan map (Fig. 2A). In terms of tissue specific enrichment, after FDR correction, a total of 6 tissues 
showed positive results (p < 0.05), including bladder, prostate and urethra. MAGMA pathway enrichment 
analysis revealed significant enrichment in developmental processes (prostate gland branching and mammary 
gland formation), transcriptional regulation (RNA biosynthesis and nucleobase metabolism), and cellular 
processes (Golgi vesicle tethering and biosynthetic regulation) (Supplementary Fig. 2).

MR and colocalization results
The intersection of nominally significant genes from three analytical approaches identified eight key genes: 
BCL11A, FGFR3, NT5C1B, INO80B, MTMR3, SMIM43, PTPN13 and TACC3 (Fig.  2B). MR analyses 
demonstrated a causal relationship between the eight genes associated with BPH (Fig. 3 and Supplemental Table 
S8), in addition, we conducted SMR analysis on the potential eight genes and corresponding tissues, and HEIDI 
test showed no obvious heterogeneity and pleiotropy, and the results of SMR analysis were consistent with those 
of MR (Supplemental Table S9). while co-localization provided stronger evidence of causality for the INO80B 
gene (posterior probability PPH4 > 0.7) (Fig. 4 and Supplemental Table S10). the INO80B gene is located on 
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human chromosome 2, specifically at the 2q14.2 position. The rs11695896 variant was identified as the most 
significant co-localization locus for BPH across 18 tissues.

The results of FOCUS precision positioning
Using FOCUS software, we performed fine-mapped TWAS analysis on European ancestry data across 49 
tissues. With threshold criteria of model credible parameter = 1 and PIP > 0.8, we identified 321 candidate genes 
(Supplementary Table S11). FOCUS generated regional plots showing predicted expression correlations, with 
TWAS statistics and PIPs for each gene illustrated in Supplementary Fig. 3.

DEGs and GeneMANIA analysis
After normalizing the dataset GSE3868, we found that all eight previously identified genes were down-regulated 
in BPH tissues, with significant differences in INO80B (Supplemental Table S12 and Figure S4). Figure  5 
illustrates the gene interaction network with INO80B as the central linker. INO80B is mainly associated with the 
formation of the INO80-type complex, DNA helicase complex, and SWI/SNF superfamily-type complex within 
the gene network (Supplementary Table 13).

Discussion
We integrated the GWAS summary statistics for BPH with eQTL summary data obtained from GTEx V8 to 
investigate how genetic susceptibility influences gene expression in the development of BPH. TWAS analysis, 
followed by MR and co-localization results, suggested that INO80B is a susceptibility gene for BPH.

Giri et al.30 explored the genetic links between metabolism-related traits and benign prostatic hyperplasia 
(BPH).They used the Illumina Cardio-MetaboChip platform for genotyping and constructed genetic risk scores 
(GRS) for height, BMI, and waist-to-hip ratio (WHR).This research highlighted how metabolic disorders might 
influence BPH development. Additionally, a separate GWAS employed the Sequenom iPLEX system to genotype 
specific SNPs. following Bonferroni correction, a significant association was established between GATA3 
(rs17144046) and the mechanisms driving BPH31. This study utilizes UTMOST’s cross-tissue TWAS to improve 
the identification of genes associated with complex traits. Integrating gene expression data from multiple tissues 
provides a comprehensive view of gene-trait relationships, enhancing the detection of associations that single-

Gene symbol CHR Ensemble ID Start_hg38 End_hg38 Test_score Pvalue PFDR

BCL11A 2 ENSG00000119866 60,450,520 60,554,467 21.11211876 1.30E−09 4.87E−06

LINC02433 4 ENSG00000234111 157,572,490 157,576,154 15.54768184 1.82E−07 0.000341817

FGFR3 4 ENSG00000068078 1,793,293 1,808,872 14.39403043 3.15E−07 0.000393819

ANXA5 4 ENSG00000164111 121,667,946 121,696,995 13.11321544 7.62E−07 0.000673348

PEX13 2 ENSG00000162928 61,017,225 61,051,990 12.7865519 1.67E−06 0.001044328

NT5C1B 2 ENSG00000185013 18,562,871 18,589,572 12.06350912 3.32E−06 0.001772672

SMIM43 4 ENSG00000164112 121,758,881 121,765,427 13.28313785 3.78E−06 0.001772672

CABS1 4 ENSG00000145309 70,334,981 70,337,116 11.36242854 1.03E−05 0.004286183

AC011242.1 2 ENSG00000229695 43,680,465 43,681,622 11.36791449 1.17E−05 0.004398295

GUCY1A1 4 ENSG00000164116 155,666,726 155,737,059 9.811377233 3.22E−05 0.010972549

EMX1 2 ENSG00000135638 72,916,260 72,936,071 10.43433839 3.68E−05 0.011485385

PTPN13 4 ENSG00000163629 86,594,315 86,815,171 9.219262038 4.26E−05 0.012296132

LOC105372988 22 ENSG00000225676 30,182,818 30,207,195 −3.963022499 7.40E−05 0.019112696

OXER1 2 ENSG00000162881 42,762,499 42,764,135 8.992709122 7.65E−05 0.019112696

CABP7 22 ENSG00000100314 29,720,003 29,731,833 9.440220134 9.63E−05 0.022562167

FEZ2 2 ENSG00000171055 36,531,805 36,646,087 8.850195372 0.000113971 0.0251406

MEPE 4 ENSG00000152595 87,821,398 87,846,814 8.801099257 0.000136295 0.028394765

CHKB-DT 22 ENSG00000205559 50,583,026 50,595,634 7.031066585 0.000167794 0.033117178

INO80B 2 ENSG00000115274 74,455,087 74,457,944 7.78906678 0.000214979 0.039413298

MTMR3 22 ENSG00000100330 29,883,169 30,030,868 6.943732695 0.000252245 0.039413298

PAPOLG 2 ENSG00000115421 60,756,253 60,802,086 7.893308931 0.000246989 0.039413298

RAPGEF4 2 ENSG00000091428 172,735,274 173,052,893 7.643899152 0.000232049 0.039413298

SPARCL1 4 ENSG00000152583 87,473,335 87,531,061 8.792918369 0.00024079 0.039413298

GLRB 4 ENSG00000109738 157,076,125 157,172,090 8.394388133 0.000280556 0.040464762

RPS16P2 2 ENSG00000213729 20,155,618 20,156,057 7.730597346 0.000275479 0.040464762

NCAPH2 22 ENSG00000025770 50,508,224 50,524,780 8.668818045 0.00034196 0.046804437

RPL14 2 ENSG00000213486 61,710,076 61,710,978 3.575564399 0.000349473 0.046804437

TACC3 4 ENSG00000013810 1,712,858 1,745,171 6.908777281 0.000375963 0.048615968

Table 1.  The significant genes for BPH risk in cross-tissue UTMOST analysis.
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tissue analyses might overlook. Importantly, the study identifies INO80B as a gene linked to BPH risk, a novel 
association not previously documented.

The INO80 protein complex is integral to chromatin remodeling, where it regulates chromatin structure by 
repositioning or reorganizing nucleosomes. This action directly influences gene expression by modulating the 
accessibility of chromatin32. Furthermore, INO80 is essential for repairing DNA double-strand breaks (DSBs).it 
facilitates the recruitment and localization of repair proteins to the site of damage, thereby aiding the homologous 
recombination repair (HRR) process. Additionally, the INO80 complex is vital in managing replication stress at 

Fig. 2.  (A) Manhattan plot of the MAGMA results for BPH; (B) Venn diagram.
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the replication fork, ensuring the continuity of the replication process and preventing the accumulation of DNA 
damage33,34. Previous studies have found that certain INO80 subunits are overexpressed in various cancers, 
including breast cancer35, neuroendocrine prostate cancer36, and melanoma37. Moreover, elevated expression 
levels of these subunits are positively correlated with poor prognosis38.

On the other hand, INO80B is a crucial subunit of the INO80 chromatin remodeling complex, which plays 
essential roles in transcription regulation, DNA replication, and DNA repair39. The INO80 complex has been 
implicated in various cellular processes, including cell growth and proliferation control, making its potential 
involvement in prostatic hyperplasia biologically plausible. The negative correlation observed suggests that 

Fig. 3.  The forest map of MR results.
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decreased INO80B expression might contribute to BPH development. This aligns with previous studies showing 
that chromatin remodeling complexes can act as regulatory factors in prostate tissue homeostasis. For instance, 
the SWI/SNF chromatin remodeling complex has been shown to influence prostate development and disease40.

Interestingly, we discovered that INO80B is involved in the inhibition of benign prostatic hyperplasia (BPH). 
The development of BPH is typically associated with various factors, including abnormal androgen signaling, 
inflammatory responses, and overactivation of cell proliferation signals41. BPH is characterized by the excessive 
proliferation of prostate cells and the abnormal accumulation of extracellular matrix42. The INO80 complex 
potentially curbs excessive cell proliferation by modulating the expression of cell cycle-related genes, especially 
those linked to the androgen receptor43. Further research is needed to validate these findings.

Protein-protein interaction network analysis demonstrates that INO80B functions within a complex 
molecular framework, involving multiple cellular processes relevant to prostatic tissue regulation. The INO80B 
interaction network reveals several key functional modules that may explain its protective effect against BPH. At 
the core of this network, INO80B strongly interacts with other INO80 complex components (INO80, INO80E) 
and the ATP-dependent DNA helicases RUVBL1 and RUVBL2, suggesting its fundamental role in chromatin 
remodeling activities39. The presence of YY1, a crucial transcription factor, indicates INO80B’s involvement 
in promoter regulation and enhancer-promoter interactions, potentially influencing prostate-specific gene 
expression patterns.

The network also reveals connections to growth factor signaling through IGFBP2, suggesting a role in cellular 
proliferation control, which is particularly relevant to BPH pathogenesis. The interaction with ZNHIT family 
proteins (ZNHIT1, ZNHIT2, ZNHIT3, ZNHIT6) implies involvement in histone modification and nucleosome 
positioning, potentially affecting global gene expression patterns in prostatic tissue. These interactions align 
with previous observations of chromatin remodeling complexes influencing prostate development and disease40. 
The presence of DDX59 and ACTR5 in the network suggests INO80B’s involvement in RNA metabolism, DNA 
repair, and nuclear organization, processes crucial for maintaining tissue homeostasis. This comprehensive 
interaction network supports the observed negative correlation with BPH by demonstrating INO80B’s role as a 
master regulator of multiple cellular processes relevant to prostate tissue maintenance. The interaction with the 
SWI/SNF chromatin remodeling complex components further supports its role in prostate tissue regulation, as 
these complexes have been shown to influence prostate development and disease progression44. The complex 
also interacts with androgen receptor (AR) signaling pathways, as demonstrated by previous studies showing 
chromatin remodeling complexes modulating AR-dependent transcription45. The inflammatory response 
regulation through chromatin remodeling, as suggested by Wu et al.46, may represent another mechanism by 
which INO80B influences BPH development.

Several limitations are to be pointed out concerning our study. First, the samples obtained from European 
populations may reduce the generalizability of our conclusions. Of course, such discrepant results for the 
discovery and validation sets should be interpreted with caution. there are genetic background differences 
between the UKB and Finnish populations, the pattern of LD may be different in different populations, and 
allele frequencies may be significantly different in different populations. Second, although we employed FDR 
correction to reduce false positive rates, the lack of independent validation sets presents a limitation in verifying 
our findings. Remaining studies are also needed in the future to involve more in vitro and in vivo experiments, 

Fig. 4.  The colocalization results were obtain in Adipose_Subcutaneous.
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which would explain the mechanisms at work. Our study provides new perspectives and insights into the 
pathophysiological mechanisms of BPH, despite its limitations.

Conclusion
In summary, our cross-tissue TWAS analyses revealed a correlation between INO80B expression and the risk 
of BPH, offering new insights into the genetic architecture of this condition. However, this is only a preliminary 
exploratory finding, further functional studies are necessary to elucidate the potential biological activity of these 
significant signals.

Data availability
This study used R version 4.4.1 for data collation and analysis. The S-PrediXcan package ​(​​​h​t​t​p​s​:​/​/​g​i​t​h​u​b​.​c​o​m​
/​h​a​k​y​i​m​l​a​b​/​M​e​t​a​X​c​a​n​​​​​) was used to analyze TWAS, while TWAS fine mapping was conducted using the FO-
CUS package (https://github.com/bogdanlab/focus/). The FUSION analysis of relative weights and sample ​d​o​w​
n​l​o​a​d from (http://gusevlab.org/projects/fusion/), MAGMA analysis reference FUMA generated online website 
(https://fuma.ctglab.nl/snp2gene), The analysis of the SMR reference from ​(​​​h​t​t​p​s​:​/​/​y​a​n​g​l​a​b​.​w​e​s​t​l​a​k​e​.​e​d​u​.​c​n​/​s​o​

Fig. 5.  GeneMANIA gene network.
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f​t​w​a​r​e​/​s​m​r​/​​​​​)​. The Code via the following link: https://github.com/wangli19971118/xTWAS. All datasets in this 
study are available for download in the online dataset/supplementary file and further contact the corresponding 
author if necessary.
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