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What Is the Public Health Relevance of the Study?
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The Prevalence of Erectile Dysfunction Increases with Age
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Adapted from Reference 2: Wessells et al. Journal of Urology 2007
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There are Different Types of ED and Risk Factors for ED

Reference 3: Lue. New England Journal of Medicine 2000



What Is the Study Setting?
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Kaiser Permanente Northern California Members
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http://www.netstate.com/states/geography/mapcom/ca_mapscom.htm


GERA Cohort Characteristics

Number of Subjects %
Age at Specimen Donation

18-39 7,025 6.3
40-59 33,344 30.2
60-79 57,856 52.4
80+ 12,041 10.9

Sex
Women 63,883 57.9
Men 46,383 42.1

Race/Ethnicity
African American 3,765 3.4
Asian 8,512 7.7
Hispanic 7,917 7.2
Non-Hispanic White 89,259 81.0

Total 110,266 100.0
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How Are Cases and Controls Defined?
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Erectile Dysfunction: Self-report
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The Independent



How Are Cases and Controls Defined?

10 February 25, 2019



How Are Cases and Controls Defined?
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How Are Cases and Controls Defined?
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How Was the Genetic Data Produced?
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The Human Genome Is 3.2 Billion Basepairs Long
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Single Nucleotide Polymorphism (SNP)
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Genotyping Arrays Measure Millions of SNPs in Parallel
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Sample QC Workflow
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Reference 25: Kvale et al. Genetics 2015



Genotyping Performance Was Tracked in Real Time
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Reference 25: Kvale et al. Genetics 2015



SNP Quality Control
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Reference 25: Kvale et al. Genetics 2015



What Are the Main Association Findings?
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Manhattan Plot of Erectile Dysfunction GWAS Results
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Are the Findings Affected by Phenotype Definition?
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Erectile Dysfunction: Prescription Information
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The Independent The Irish Examiner



Erectile Dysfunction: Artistic Interpretation
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The Independent The Irish Examiner

Inverse.com



How Similar are the EHR and Prescription Definitions?

25 February 25, 2019



Self-Report vs. Electronic Health Record (EHR)
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Self-Report vs. PDE5i Prescriptions
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Sensitivity Analyses by Diagnostic Subgroup: rs17185536
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Multiple Associated SNPs in the SIM1 Region

29 February 25, 2019



95% Credible Set Identifies 5 SNPs in the SIM1 Locus
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CAVIAR: http://genetics.cs.ucla.edu/caviar/



U.K. Biobank Subject Characteristics
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https://biobank.ctsu.ox.ac.uk/showcase



Replication of Credible Set SNPs
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Imputation Quality Control
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What is the Evidence That the Locus Is Functional?
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Genomic Context of Erectile Dysfunction Credible Set SNPs
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https://genome.ucsc.edu/cgi-bin/hgGateway

https://genome.ucsc.edu/cgi-bin/hgGateway


5 Credible Set SNPs
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https://genome.ucsc.edu/cgi-bin/hgGateway

https://genome.ucsc.edu/cgi-bin/hgGateway


Human-Mouse Synteny Breakpoint
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https://genome.ucsc.edu/cgi-bin/hgGateway

https://genome.ucsc.edu/cgi-bin/hgGateway


ENCODE Enhancer Markers
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https://genome.ucsc.edu/cgi-bin/hgGateway

https://genome.ucsc.edu/cgi-bin/hgGateway


Are Erectile Dysfunction Credible Set SNPs in Enhancers?
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Luciferase Assays to look for Differential Enhancer Activity
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Cloned Region



3 ED Risk SNPs Show Differential Enhancer Activity
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3 ED Risk SNPs Show Differential Enhancer Activity
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Can We Link the Putative Enhancers to a Specific Gene?
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Chromosomes are Organized into
Topologically Associating Domains (TADs)

Matharu and Ahituv 
PLoS Genetics 2015
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Chromatin conformation capture (Hi-C)

Hi-C contact map
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Ramani et al. Nature Protocols 2016



Chromosome Conformation Capture Example

Modified from Lazar et al. Genome Research 2018
February 25, 201946



12q3

Chromosome Conformation Capture Example

Modified from Lazar et al. Genome Research 2018
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TADs in the Region of Erectile Dysfunction Risk Locus
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http://promoter.bx.psu.edu/hi-c/



TADs in the Region of Erectile Dysfunction Risk Locus

49 February 25, 2019

http://promoter.bx.psu.edu/hi-c/



rs17185536 Interacts with the SIM1 Promoter
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http://promoter.bx.psu.edu/hi-c/



Do Credible Set SNPs Affect SIM1 Gene Expression?
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https://www.gtexportal.org/home

https://www.gtexportal.org/home


The Associated SNPs are not in GTEx
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https://www.gtexportal.org/home

https://www.gtexportal.org/home


SIM1 is Part of the Leptin-Melanocortin Pathway
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Melanocortin Agonists Stimulate Sexual Function
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Reference 15: Bertolini et al. Nature 1969



Melanocortin Agonists Stimulate Sexual Function
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Reference 16: Feder and Ruf. Endocrinology 1969



Melanocortin Agonists Stimulate Sexual Function
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Reference 17: Wessells et al. Urology 2000



Melanocortin Agonists Stimulate Sexual Function
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Reference 17: Wessells et al. Urology 2000



Melanocortin Agonists Stimulate Sexual Function
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Reference 17: Wessells et al. Urology 2000



Cells Expressing SIM1 and MC4R May be Important
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Expression of MC4R on SIM1+ Cells Restores Sexual Function
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Reference 19: Semple and Hill. Endocrinology 2018



Expression of MC4R on SIM1+ Cells Reduces Food Intake

61 February 25, 2019

Balthasar et al. Cell 2005



SIM1 and MC4R Knockouts Cause Obesity in Humans
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Reference 20: Ahituv et al. American Journal of Human Genetics 2005



Is the Association of SIM1 and ED Driven by Obesity?
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ED Association is not Driven by Body Mass Index (BMI)
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ED Association is not Driven by Body Mass Index (BMI)
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Conclusions
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A Previous Melanocortin-based Treatment for ED
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Hadley. Endocrinology 2005



A Serendipitous Side Effect
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Hadley. Endocrinology 2005



The Hadleys

69 February 25, 2019

Mac Hadley Gertrude Hadley
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