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Abstract 
Background: Currently, the treatment and prevention of erectile dysfunction (ED) remain highly challenging. 
Aim: This study conducted a systematic druggable genome-wide Mendelian randomization (MR) analysis to identify potential therapeutic targets 
for ED. 
Methods: A proteome-wide MR approach was employed to investigate the causal effects of plasma proteins on ED. Subsequently, summary 
data–based MR (SMR) analysis was performed to identify potential drug targets for ED. Enrichment analysis and protein–protein interaction (PPI) 
networks revealed the functional characteristics and biological relevance of these potential therapeutic targets. Drug prediction and molecular 
docking studies were conducted to validate the pharmacological activity of these identified targets. Finally, a systematic MR analysis was 
conducted to assess upstream intervention factors, such as lifestyles and diseases, associated with these targets, providing insights for the 
prevention and treatment of ED. 
Outcomes: This study identified several potential therapeutic targets for ED. 
Results: Proteome-wide MR analysis revealed that 126 genetically predicted plasma proteins were causally associated with ED. SMR analysis 
indicated that TMEM9 was associated with an increased risk of ED, while MDH1, NQO1, QDPR, ARL4D, TAGLN2, and PPP1R14A were 
associated with a decreased risk of ED. These potential targets were primarily enriched in metabolic and redox-related biological processes. 
Molecular docking indicated that the predicted drugs had favorable binding affinities with the proteins, further confirming the pharmacological 
value of these targets. Finally, 6 plasma proteins (MDH1, NQO1, QDPR, ARL4D, TAGLN2, and TMEM9) could be modulated by lifestyle- and 
disease-related factors. 
Clinical Implications: This study provides new insights into the etiology and potential drug targets of ED and contributes to the development 
of more effective treatments for ED and reducing the cost of drug development. 
Strengths and Limitations: This is a systematic and extensive study exploring the causal relationship between plasma proteins and ED, which 
helps to provide a comprehensive perspective to understand the role of potential targets in ED. However, we did not conduct this study in 
different types of ED or different stages of ED progression. 
Conclusion: In summary, this study identified 7 plasma proteins causally associated with ED and provided new insights into the etiology and 
potential drug targets for ED. 
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Introduction 
Erectile dysfunction (ED) is defined as the persistent inabil-
ity to achieve and/or maintain a strong-enough erection for 
satisfactory sexual activity.1 Epidemiological studies indicate 
that approximately 150 million men worldwide suffer from 
varying degrees of ED, with the number of affected individuals 
expected to increase to 300 million by 2025.2 The rising 
incidence of ED diminishes the quality of life for patients and 
their partners and imposes a significant medical and economic 
burden on both individuals and society. Unfortunately, due 
to the complex etiology and pathogenesis of ED, the devel-
opment of related therapeutic drugs has been relatively slow. 

Consequently, the treatment and prevention of ED remain 
highly challenging. Although several drugs (such as phospho-
diesterase type 5 inhibitors) have been developed and offer 
significant benefits to ED patients, there are still many chal-
lenges, including side effects and suboptimal response rates.3,4 

Therefore, it is of great value to discover more promising drug 
targets and develop more effective drugs accordingly. 

Proteins can be regarded as the ultimate participants in all 
biological processes related to disease and health.5 They often 
possess specific binding sites or regions that can be targeted 
by small molecules or biologics, making them crucial drug 
targets.6 Given the accessibility of blood compared to other
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tissues, plasma proteome represents an attractive resource 
for identifying disease biomarkers in large-scale cohorts.7 

Recently, genome-wide association studies (GWAS) of plasma 
proteins have identified thousands of protein quantitative trait 
loci (pQTLs).8 These studies can assess the causal effects of 
plasma proteins on outcomes and screen for biomarkers that 
could serve as drug targets. 

Mendelian randomization (MR) employs single-nucleotide 
polymorphisms (SNPs) from GWAS as instrumental variables 
(IVs) to estimate the causal relationship of exposures on 
outcomes. Compared to observational studies, MR helps to 
mitigate the impact of confounding factors, thereby enhancing 
the reliability and accuracy of causal inference.9 A large-scale 
proteome-wide MR using pQTLs as IVs has been conducted 
to determine the causal relationship between plasma proteins 
and outcomes.10 When combined with proteomics, MR pro-
vides new insights into the etiology and treatment of diseases. 
This study aims to answer the following questions: What 
are the potential ED drug targets identified through plasma 
proteomics? Do these targets have biological significance and 
druggability? 

Methods 
Study design 
We first conducted a 2-sample MR analysis using 4907 plasma 
proteins from the deCODE genetics dataset and ED GWAS 
dataset from the FinnGen consortium to identify plasma 
proteins causally associated with ED. Subsequently, summary 
data–based Mendelian randomization (SMR) analysis was 
performed to further filter proteins that could serve as drug 
targets. Enrichment analysis and protein–protein interaction 
(PPI) networks revealed the functional characteristics and 
biological relevance of these potential therapeutic targets. 
Furthermore, drug prediction and molecular docking stud-
ies were employed to validate the pharmacological activity 
of the identified targets. Finally, we performed a system-
atic MR analysis of 35 lifestyle- and disease-related factors 
and plasma proteins to identify upstream interventions for 
these targets, providing new insights into the prevention and 
treatment of ED. The overview of this study is presented 
in Figure 1. 

Data source 
We obtained the summary statistics of genetic associations 
for plasma proteins from a large-scale proteomics study 
(deCODE genetics), which performed whole-genome sequenc-
ing on 35 559 individuals of Icelandic ancestry, generating 
their genotype and phenotype data.10 SOMAscan was 
employed to provide comprehensive pQTLs for 4907 plasma 
proteins. The summary statistics for ED were sourced from 
the latest GWAS summary data (2024) from FinnGen R11 
(https://r11.finngen.fi/), including 2548 cases and 196 451 
controls.11 Summary-level data for lifestyle and disease-
related factors were obtained from representative large-
scale GWAS cohorts; detailed information regarding the 
relevant GWAS is provided in Supplementary Table 1. 
All participants were of European descent and provided 
informed consent. Given that our study is based on publicly 
available summary data, no additional ethical review was 
required. 

Proteome-wide MR analysis 
We performed a 2-sample MR analysis with plasma proteins 
as exposures and ED as the outcome. The criteria for selecting 
pQTLs as IVs were as follows: First, SNPs within ±1 Mb of  
the gene region (cis-pQTLs) were included. Second, SNPs 
significantly associated with plasma proteins were required 
to have a genome-wide significance threshold of P < 5 × 10-8. 
The independence of SNPs was confirmed by testing linkage 
disequilibrium (LD) (r2 < 0.001, kb = 10 000). In addition, we 
removed SNPs associated with potential risk factors related to 
outcome based on results searching in PhenoScanner. Finally, 
the F-statistic was used to assess the statistical strength of 
the IVs, retaining only strong instruments (F > 10).12 For 
specific proteins with only 1 SNP, we applied the Wald ratio 
method. For proteins with 2 or more available SNPs, the 
inverse variance weighting (IVW) method was employed, with 
3 other methods (MR–Egger, weighted median, and weighted 
mode) used for complementary analyses. The heterogeneity of 
SNPs in IVW estimates was assessed using Cochran’s Q test 
(P < .05 indicates heterogeneity). The potential pleiotropy 
of these SNPs was assessed by MR–Egger regression 
intercepts.13 

Summary data–based Mendelian randomization 
analysis 
The SMR method was used to evaluate the association 
between ED and the expression levels of plasma protein-
coding genes. Compared to traditional MR analysis, SMR 
can be used to explore the relationship between gene 
expression levels and outcomes. Top-associated cis-pQTLs 
within a ± 1000 kb window centered on the corresponding 
gene were identified,14 with a significance threshold set at 
5 × 10-8. HEIDI testing was employed to distinguish between 
causal relationship and pleiotropy from linkage. A P-value for 
HEIDI (P-HEIDI) > .01 indicates no heterogeneity.15 A Psmr-
value <0.05 was considered statistically significant. SMR and 
HEIDI tests were performed using the SMR software tool 
(SMR v1.3.1). 

Enrichment analysis 
To better understand the biological functions and metabolic 
pathways of potential target genes, we conducted Gene Ontol-
ogy (GO) and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) enrichment analyses. Gene Ontology analysis inves-
tigates the commonalities of genes across biological processes 
(BPs), molecular functions (MFs), and cellular components 
(CCs). It determines the enrichment of genes in each GO 
annotation by comparing the differences between the analyzed 
genes and the reference genome. Kyoto Encyclopedia of Genes 
and Genomes analysis provides information on metabolic 
pathways. 

Protein–protein interaction network construction 
The Search Tool for the Retrieval of Interacting Genes/Pro-
teins (STRING) database (https://string-db.org/) integrates 
predictive information from experimental data, text mining, 
and homologous data. We used the STRING database to 
explore potential interactions among the 7 drug target pro-
teins and related upstream and downstream candidate pro-
teins, constructing a PPI network. A confidence score of 0.4 
was set as the minimum required interaction score.16
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Figure 1. Overview of the study design. 

Candidate drug prediction 
We utilized the Drug Signature Database (DSigDB, http://dsi 
gdb.tanlab.org/DSigDBv1.0/) for this study.17 DSigDB con-
tains 22 527 gene sets and 17 389 different compounds, cov-
ering 19 531 genes, making it a vast database capable of 
linking drugs and other compounds to their target genes. The 
DSigDB gene sets were derived and compiled from quantita-
tive inhibition data of drugs/compounds sourced from various 
databases and publications (eg, PubChem and ChEMBL). 
These genes represent the direct targets of drugs/compounds, 
identified through automated computational methods and 
manual curation. The DSigDB gene set seamlessly integrates 
with GSEA software to link gene expression with drugs/com-
pounds, ranking them by P-value for use in drug discovery 
and translational research. Specifically, we uploaded the genes 
of the target proteins identified through SMR analysis to 
DSigDB. This allowed us to predict candidate drugs that can 
bind to the target genes and assess their druggability, aiming 
to achieve targeted gene therapy. 

Molecular docking 
To further explore the impact of candidate drugs on 
drug target proteins and their druggability, we conducted 
molecular docking at the atomic level to evaluate the 
binding affinity and interaction patterns between candidate 
drugs and their targets. Molecular docking simulations can 
analyze ligand–receptor binding affinity and interaction 
patterns. By identifying ligands with high binding affinity 
and favorable interaction patterns, we can prioritize relevant 
drug targets and optimize the design of potential candidate 
drugs. 

Drug structure data were sourced from the PubChem 
compound database (https://pubchem.ncbi.nlm.nih.gov/),18 

and protein structure data were downloaded from the 
Protein Data Bank (http://www.rcsb.org/). We utilized the 
computerized protein–ligand docking software CB-Dock2 
(http://autodock.scripps.edu/) to conduct molecular docking 

of the top 5 important drugs and the proteins encoded by their 
corresponding target genes.19 CB-Dock2 employed its 
curvature-based cavity detection method (CurPocket) to 
predict the binding sites of target proteins and used AutoDock 
Vina to predict the binding positions of query ligands. CB-
Dock2 selected several top-ranked cavities for further analysis 
based on cavity size (cavity ranking), calculated docking 
centers and adjusted the docking box size accordingly. 
Docking results were visualized in the model. Binding energies 
below -5 kcal/mol were considered successful for ligand– 
receptor interactions. 

Modulation of ED-related plasma proteins by 
lifestyle- and disease-related factors 
A total of 35 lifestyle- and disease-related factors were used to 
assess their association with ED-related plasma proteins. The 
MR analysis methods were consistent with those described in 
the proteome-wide MR analysis. 

All statistical analyses were conducted using R soft-
ware version 4.1.0, with the TwoSampleMR package 
version 0.6.8. 

Results 
Proteome-wide MR analysis 
After rigorous screening, a total of 1677 plasma proteins 
were included in the MR analysis. MR analysis based on 
the IVW or Wald ratio method revealed that 126 plasma 
proteins were associated with ED. Among them, 60 plasma 
proteins were positively correlated with ED, while 66 proteins 
were negatively correlated (Figure 2A). Detailed information 
on the IVs is provided in Supplementary Table 2. The results 
of the MR analysis are presented in Supplementary Table 3. 
Furthermore, several heterogeneity was detected among the 
IVs (Supplementary Table 4), and no horizontal pleiotropy 
was observed (Supplementary Table 5).
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Figure 2. (A) A volcano plot displaying the MR results of plasma proteins on erectile dysfunction. (B) A forest plot displaying the SMR results for 7 drug 
targets. 

SMR analysis 
Subsequently, we performed SMR analysis on the 126 iden-
tified proteins to further refine potential targets. The results 
showed that 7 target genes had a significant causal relation-
ship with ED (Psmr <.05), indicating their potential as drug 
target candidates. Among these, TMEM9 was identified as 
a pathogenic gene for ED, which may exacerbate the pro-
gression of ED. Additionally, we identified 6 protective genes 
that might reduce the risk of ED (MDH1, NQO1, QDPR, 
ARL4D, TAGLN2, and PPP1R14A) (Figure 2B). All 7 target 
genes successfully passed the HEIDI test. Detailed results of 
the SMR analysis are provided in Supplementary Table 6. 

Enrichment analysis and PPI network 
According to GO enrichment analysis, biological processes 
such as regulation of biological quality, response to chemical 
substances and stimuli, response to metal ions, and small 
molecule metabolic processes are significantly enriched in BP. 
In the CC category, drug target genes are primarily enriched 
in cytoplasm-associated components, while in MF, they are 
mainly involved in oxidoreductase activity and metal ion 
binding. KEGG enrichment analysis indicates that drug target 
genes are primarily involved in pathways related to amino 
sugar and nucleotide sugar metabolism, mineral absorption, 
folate biosynthesis, and the biosynthesis of ubiquinone and 
other terpenoid-quinones (Figure 3B). 

A PPI network diagram for the proteins encoded by these 
differential genes was constructed using the STRING website 
(Figure 3A). Due to the absence of MDH1 in the STRING 
database, it was temporarily excluded from the PPI network. 
Network nodes represent proteins, with line colors indicating 
evidence of interactions between different proteins. The PPI 
network illustrates the interactions of the 6 drug targets 
and their associated proteins. Key molecules like NQO1 act 
as hub proteins with high centrality, suggesting their strong 
connections with other proteins. 

Candidate drug prediction 
In this study, we used DSigDB to predict potential intervention 
drugs and listed the top 5 candidate drugs based on their 

P-values (Table 1). The results indicate that trichostatin A is 
the most significant drug associated with NQO1, MDH1, and 
TAGLN2. Additionally, both trichostatin A and valproic acid 
(VPA) were found to be associated with most of the drug 
target genes. 

Molecular docking 
Molecular docking was performed in this study to assess the 
affinity of candidate drugs for their targets and evaluate their 
druggability. We utilized CB-Dock2 to obtain binding sites 
and interaction patterns between the top 5 candidate drugs 
and their respective target proteins. The binding affinities 
of each interaction were generated, resulting in 9 successful 
docking results between proteins and drugs (Table 1 and 
Figure 4). Among these, TAGLN2 showed the lowest binding 
energy with trichostatin A (-91 kcal/mol), indicating a highly 
stable interaction. 

Effects of 35 lifestyle- and disease-related factors 
on ED-associated proteins 
Among the 35 common lifestyle- and disease-related factors 
analyzed, smoking initiation correlated positively with NQO1 
and TMEM9. Cigarettes per day was positively associated 
with ARL4D. Age first had sexual intercourse showed a 
negative association with NQO1. Lifetime number of sex-
ual partners was positively associated with MDH1. Both 
body mass index and weight were positively associated with 
MDH1, NQO1, QDPR, ARL4D, TAGLN2, and TMEM9. 
Hip circumference was positively correlated with ARL4D. 
Non-alcoholic fatty liver disease was positively correlated 
with NQO1 and QDPR. Asthma and insomnia both exhibited 
negative correlations with NQO1. Metformin use exhibited a 
negative correlation with MDH1 (Figure 5). Detailed results 
are presented in Supplementary Table 7. 

Discussion 
Penile erection is mediated through the vascular dilation of the 
corpus cavernosum, primarily regulated by the nervous and 
circulatory systems.20 The circulatory system is the primary

https://academic.oup.com/smoa/article-lookup/doi/10.1093/sexmed/qfae091#supplementary-data
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Figure 3. (A) Protein–protein interaction (PPI) network. (B) The results of the gene-enrichment analysis. 

Table 1. Molecular docking results of available proteins and candidate drugs. 

Drug PubChem ID P-value Protein PDB ID Binding energy(kcal/mol) 

Trichostatin A 444732 .0017 MDH1 7rm9 -7.5 
NQO1 8ok0 -8.5 
TAGLN2 1wym -91 

Streptonigrin 5298 .0049 NQO1 8ok0 -10 
Valproic acid 3121 .0050 MDH1 7rm9 -5.4 

NQO1 8ok0 -5.7 
TAGLN2 1wym -58 

Penicillin G 5904 .0058 NQO1 8ok0 -8.8 
7-ACA 441328 .0063 NQO1 8ok0 -7.1 

object that comes into contact with and potentially affects 
the penis, and blood samples are relatively easy to obtain and 
less invasive to the patient. Therefore, studying the association 
between plasma proteins and ED, and identifying targets in 
the blood, has significant and practical clinical implications 
for predicting and treating ED. Our study identified 7 genes 
(MDH1, NQO1, QDPR, ARL4D, TAGLN2, PPP1R14A, and 
TMEM9) as potential drug target genes through SMR anal-
ysis. Moreover, to explore the biological significance and 
interaction mechanisms of these drug targets, we conducted an 
enrichment analysis and built a PPI network. Subsequently, we 
conducted drug prediction and molecular docking to further 
validate the pharmacological and therapeutic value of these 
important target genes. Finally, a systematic MR analysis of 35 

lifestyle and disease-related factors and targets was performed 
to determine which related factors may serve as upstream 
intervention factors for the targets, thereby providing new 
insights for the prevention and treatment of ED. 

In this study, 6 plasma proteins (MDH1, NQO1, QDPR, 
ARL4D, TAGLN2, and PPP1R14A) predicted by genetics 
were found to be negatively associated with ED. Malate 
dehydrogenase 1 (MDH1) is an NAD(H)-dependent enzyme 
that may regulate metabolism between the cytosol and mito-
chondria.21 MDH1 deficiency can lead to severe neurode-
velopmental disorders, and the resultant cavernous nerve 
damage is a common cause of neurogenic erectile dysfunc-
tion.22 During sexual stimulation, erection begins with nerve 
conduction, with nitric oxide (NO) and acetylcholine released
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Figure 4. Molecular docking results of available proteins and drugs. (A) MDH1 docking trichostatin A. (B) NQO1 docking trichostatin A. (C) TAGLN2 
docking trichostatin A. (D) NQO1 docking streptonigrin. (E) MDH1 docking valproic acid. (F) NQP1 docking valproic acid. (G) TAGLN2 docking valproic 
acid. (H) NQO1 docking penicillin G. (I) NQO1 docking 7-ACA. 

Figure 5. Heatmap displaying results from Mendelian randomization between 35 lifestyle- and disease-related factors and 7 proteins associated with 
erectile dysfunction. 

from the parasympathetic nerves, mediating vascular dila-
tion through the relaxation of vascular smooth muscle cells 
in the corpora cavernosa, leading to increased blood flow, 
filling the corpora cavernosa, and supporting penile erec-
tion. Additionally, MDH1 plays a crucial role in cellular 
aging, characterized by reduced MDH1 activity and a sub-
sequent decrease in the NAD/NADH ratio in fibroblasts of 
elderly individuals. Aging-related declines in androgen levels 
inhibit NO production, leading to endothelial dysfunction 
and smooth muscle cell apoptosis, which can progress to age-
related ED. 23 The prevalence and severity of ED increase 
with age.24 These studies highlight the significant potential 
of MDH1 as a therapeutic target for ED. NADH Quinone 
Dehydrogenase 1 (NQO1) is an enzyme involved in cellular 

detoxification and defense against oxidative stress (OS). It 
plays a crucial role in the regulation of neuronal function and 
synaptic plasticity in the central nervous system (CNS), cel-
lular adaptation to OS, neuroinflammatory and degenerative 
processes, and tumourigenesis.25 Impaired NQO1 activity in 
the CNS not only leads to abnormal release and clearance 
of crucial neurotransmitters (such as NO) but also results 
in increased OS.26 OS can damage endothelial function and 
NO signaling, which are crucial for erectile function. Reactive 
oxygen species can degrade NO, reducing its availability, 
impairing vasodilation, increasing vascular tone, and causing 
inflammation. This results in reduced blood flow to the 
tissues and an inability to achieve or maintain an erection, 
which further leads to endothelial dysfunction and eventually
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ED.27 Therefore, NQO1-mediated oxidative activation may 
influence the physiological processes of erection. Additionally, 
abnormal NQO1 enzyme activity is associated with the patho-
physiological mechanisms of various neurological diseases, 
including Parkinson’s disease, Alzheimer’s disease, epilepsy, 
multiple sclerosis, cerebrovascular disease, traumatic brain 
injury, and malignant brain tumors.28 These conditions are 
also significant factors in neurogenic and vasculogenic ED.24 

In summary, NQO1 may play a critical role in the treatment 
of ED. Quinoid dihydropteridine reductase (QDPR) is an 
enzyme that regulates tetrahydrobiopterin (BH4), which is a 
cofactor for enzymes involved in neurotransmitter synthesis 
and blood pressure regulation. Reduced QDPR activity can 
lead to the accumulation of dihydrobiopterin and depletion of 
BH4, resulting in impaired neurotransmitter synthesis, oxida-
tive stress, and an increased risk of Parkinson’s disease.29 

Enrichment analysis of drug target genes involved in the 
biological processes of redox enzymes also supports this con-
clusion. However, there is currently a lack of substantial direct 
evidence linking QDPR to ED, and further research is needed 
to explore the potential of QDPR as a therapeutic target 
for ED. ADP-ribosylation factor-like 4D (ARL4D), an Arf-
like small GTPase, is involved in regulating cell morphology, 
cell migration, and actin cytoskeleton remodeling.30 Activated 
ARL4D can recruit cytohesin-2/ARNO to the plasma mem-
brane to facilitate Arf6 activation, leading to the regulation 
of actin dynamics and affecting cellular processes such as cell 
migration and neurite growth,31,32 which may impact penile 
erection function. Transgelin-2 (TAGLN2) is a member of the 
calmodulin family and regulates the actin cytoskeleton of vari-
ous immune cells, thereby modulating the activation, differen-
tiation, and phagocytosis of lymphocytes and macrophages. It 
stabilizes the cortical interaction with F-actin at the immuno-
logical synapse and activates leukocyte function-associated 
antigen-1 following T-cell receptor stimulation, regulating T-
lymphocyte activation, cytokine production, and the interac-
tion between T lymphocytes and antigen-presenting cells.33 

Studies have shown that TAGLN2 knockout mice are more 
susceptible to bacterial infections and have a higher mortality 
rate during bacteremia. These results support the role of 
TAGLN2 in macrophage phagocytosis and bacterial clear-
ance.34 Reduced TAGLN2 activity, which can lead to bac-
terial infections and even immune dysregulation, may have 
significant impacts on penile erection. Furthermore, TAGLN2 
acts as a receptor for extracellular metallothionein-2, which 
relaxes the myosin cytoskeleton of smooth muscle cells.35 

Therefore, TAGLN2 represents a promising therapeutic target 
for diseases such as ED and asthma. Protein Phosphatase 1 
Regulatory Inhibitor Subunit 14A (PPP1R14A) is a widely 
expressed serine–threonine phosphatase and an inhibitor of 
protein phosphatase 1.36 Previous studies have demonstrated 
that PPP1R14A plays a critical role in the occurrence and pro-
gression of tumors, including gliomas and schwannomas.37,38 

PPP1R14A may serve as a significant diagnostic marker and 
a potential therapeutic target for gliomas and schwanno-
mas. Additionally, existing research suggests that gliomas and 
schwannomas could be risk factors for ED.24 

In this study, genetically predicted TMEM9 was positively 
associated with the risk of ED. Transmembrane Protein 
9 (TMEM9) is a type I transmembrane protein primarily 
located in lysosomes, late endosomes, and multivesicular 
bodies.39 It is closely associated with inflammation and can 
regulate TNF-α-enhanced cytokine secretion through the 

classical Wnt/β-catenin pathway. Overexpression of TMEM9 
may increase the levels of IL-6 and IL-1β in LX-2 cells.40 

Erectile dysfunction is associated with elevated levels of 
several pro-inflammatory cytokines, such as TNF-α, IL-6, and 
IL-8.41 Damaged endothelial cells stimulate an inflammatory 
response within the vascular walls by increasing the produc-
tion of inflammatory cytokines and cell adhesion molecules. 
This leads to the formation of atherosclerotic plaques and a 
reduction in NO release in the inflammatory state, ultimately 
impairing erectile function.42,43 Furthermore, existing studies 
have confirmed that history of prostatitis is an independent 
risk factor for ED.44 Chronic low-grade inflammation is 
crucial to the pathogenesis of ED and the intermediate stages 
of possible endothelial dysfunction.45 Thus, the upregulation 
of TMEM9 may be 1 of the mechanisms through which local 
inflammation from prostatitis exacerbates ED. 

In this study, we utilized DSigDB to predict potential 
therapeutic drugs for ED. Some of our predictions have 
already been confirmed by related research. Valproic acid, an 
FDA-approved drug, has been widely used for nearly 40 years 
to treat epilepsy and other neuropsychiatric disorders.46,47 

Beyond its anticonvulsant properties, a published animal 
study on ED treatment has shown that early intervention 
with VPA may serve as a potential treatment strategy for ED 
by maintaining penile morphology and erectile function in 
rat models subjected to prostatectomy-induced ED. Valproic 
acid can be used to treat men undergoing prostatectomy to 
prevent the occurrence of ED, without concerns about its 
impact on prostate cancer recurrence.48 Additionally, VPA 
has been found to reduce the protein expression of fibroblast 
growth factor. One study indicated that VPA improves erectile 
function and reduces fibrosis in diabetic rat models.49 In 
summary, VPA is a safe and widely used drug that may offer a 
new avenue for ED treatment. Further clinical studies are 
needed to assess the long-term effects of VPA on erectile 
function. Moreover, trichostatin A, streptonigrin, penicillin 
G, and 7-aminocephalosporanic acid (7-ACA) play roles in 
immune system modulation, exhibiting anti-inflammatory, 
antimicrobial, and neuroprotective properties.50-53 However, 
we have not found any clinical trials for these drugs in the 
treatment of ED. Hence, the potential connection between 
trichostatin A, streptonigrin, penicillin G, and 7-ACA with 
ED deserves continued attention and exploration. 

Our study has several strengths. Firstly, this is a systematic 
and extensive study exploring the causal relationship between 
plasma proteins and ED, which helps to provide a comprehen-
sive perspective to understand the etiologic role of circulating 
proteins in ED. Moreover, the SMR analysis helps minimize 
false positives, ensuring the robustness of the results. Sec-
ondly, we conducted drug prediction based on these potential 
drug targets, revealing their pharmacological potential, and 
assessed the affinity of candidate drugs with their targets 
through molecular docking techniques. Finally, we performed 
a comprehensive assessment of potential upstream interven-
tion factors related to ED-associated target genes. However, 
this study also has certain limitations. Firstly, all GWAS par-
ticipants were of European descent, which not only minimizes 
regional variation but also restricts the generalizability of 
the findings. Secondly, the accuracy of molecular docking 
analysis largely depends on the quality of protein structures 
and ligands. Although this method identifies potential drug 
targets, it does not guarantee their efficacy in clinical settings. 
Thirdly, ED can be classified into psychogenic, organic, or
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mixed psychogenic and organic types. The expression levels 
or predicted values of the target genes we identified may 
fluctuate in different types of ED or at different stages of 
ED progression. This limitation hinders the ability to provide 
personalized treatment strategies for the unique variations 
observed in ED. Therefore, future studies would be best 
conducted in specific types or stages of ED. 

Conclusion 
In summary, this study identified 7 plasma proteins causally 
associated with ED and provided new insights into the etiol-
ogy and potential drug targets for ED. Additionally, through 
drug prediction and molecular docking, we validated the 
therapeutic value of these targets, which may contribute to 
the development of more effective ED treatments and reduce 
drug development costs. 
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