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Introduction

Peyronie’s disease (PD) in its classic form is the acquired curvature of the penis. In PD, the 
formation of plaque results in penile pain, shortening and loss of rigidity. Besides these 
discomforts, PD has extensive effects on the quality of life and psychological wellbeing of 
both patients and their partners. Due to insufficient knowledge of the pathological processes, 
we currently only have symptomatic treatment methods. (1) Underlying genetic mechanisms 
have been hypothesized, mostly in studies that also investigated the coexistence of 
Dupuytren’s disease (DD), a similar disease causing flexion contraction of the digits. (2, 3) 
Our research group previously presented the association of a single nucleotide 
polymorphism (SNP) rs4730775 at the WNT2 locus on chromosome 7, by comparing allele 
frequencies of 11 SNPs that had previously been associated with DD between 111 men with 
PD and healthy controls. (4, 5) 

PD and DD are both fibro-proliferative disorders characterized by abnormal collagen 
deposition in the tunica albuginea (TA) of the penis and palmar fascia of the hand 
respectively. Already in 1828, Abernathy, from the UK, reported the idea of similar disease 
mechanisms in PD and DD. (6) More recently, it was shown that the two disorders aggregate 
within families and several genetic risk variants were shown to be associated with both 
diseases. (5) In 2004, Qian et al. already demonstrated that the patterns of expression 
alteration of certain genes in DD and PD were similar, indicating a common pathophysiology. 
(3) Furthermore, cell studies have identified overlap in patterns of chromosomal aberrations 
in fibroblasts from PD and DD lesions. (7) 

Much is still unknown, however, regarding the genetic predisposition of PD. In this study, 
we aim to identify genetic variants for PD through the first genome-wide association study 
(GWAS). In addition, we perform a look-up of 26 SNPs currently found to be associated 
with DD and associate the genetic risk score composed of these 26 DD SNPs to PD in our 
samples. (8)

Methods

Study population
The study was approved by the Medical Ethics Committee METc 2007/067 for the Genetic 
Origin of Dupuytren Disease (GODDAF) Study. Informed consent was obtained from all 
subjects.
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Three hundred and seventy two PD patients were recruited in the outpatient clinic of the 
Department of Urology of the University Medical Center Groningen (UMCG). They all 
were diagnosed by one senior urologist (MFvD). For this study, we used 5467 unrelated 
male Lifelines participants as healthy controls. Lifelines is a multi-disciplinary, prospective, 
population-based cohort study, examining in a unique three-generation design the health 
and health-related behaviors of 167,729 persons living in the northern part of the 
Netherlands. It employs a broad range of investigative procedures in assessing the 
biomedical, socio-demographic, behavioral, physical and psychological factors that 
contribute to the health and diseases of the general population, with a special focus on 
multi-morbidity and complex genetics. (9)

Genotyping and imputation
We collected blood samples at the outpatient clinic and isolated DNA by standard 
methods. We genotyped PD cases with the Illumina® 700k SNP GSA array. We excluded 
the following variants: SNPs with too much missing data (more than 5%), an MAF of 
less than 0.01 deviation from the Hardy-Weinberg equilibrium (p<0.0001), or with >15% 
deviation in allele frequency from that among 1,000 Genomes European individuals. We 
excluded samples when the percentage of missing genotypes was too high (>5%), they 
were duplicates, first or second degree relatives, heterozygosity deviated > 4SD from the 
mean, or when they came from a non-European individual. Lifelines participants 
(n=15,500) were genotyped with the Illumina Cytochip array. The same quality control 
checks were performed as for the cases. We performed quality control in PLINK v.1.9 
and R v.3.3.1. (10, 11) 

We combined cleaned genotype data of PD cases and Lifelines controls, and checked for 
relatedness. Duplicate samples and first- and second-degree relatives between the cohorts 
were excluded from the Lifelines database. We determined principal components from the 
resulting genotyping data.

PD cases and Lifelines controls were imputed separately using the 1,000 Genomes Phase 
1 reference data. PD cases were imputed using the Michigan Imputation Server (URL: 
https://imputationserver.sph.umich.edu). Lifelines controls were phased using SHAPEIT  
and imputed using IMPUTE2. (12, 13) 

Next, we combined imputed data while removing genetic variants with a low imputation 
quality (R2<0.8) in either dataset.
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Statistical methods
We performed a GWAS using logistic regression in PLINK v.1.9 with disease status as the 
outcome; SNP as the independent variable using a multiplicative model; and five principle 
components as covariates to correct for population stratification. A p-value <5x10-8 was 
regarded as genome-wide statistically significant. (10)

Given the moderate sample size (power >80% for SNPs with a minor allele frequency of 
>13% and an odds ratio >2, we acknowledge that finding significantly associated variants 
for PD by performing a GWAS is not likely. Therefore we also investigated the 26 genetic 
loci identified for DD hypothesizing that these phenotypically similar diseases share a genetic 
background. (8) This strategy increases the prior probability of finding variants for the trait 
of interest (PD). For these candidate SNPs, a significance threshold of 0.05/26=0.0019 was 
adopted (Bonferroni correction). Additionally, we investigated the association of the 
weighted genetic risk score constructed from the 26 DD SNPs (equation 1). 

Equation 1.   

where i is the SNP, wi is the weight for SNP i, and xi is the number or dosage of the risk 
alleles that the patient carries for that SNP. Both the non-weighted GRS (with wi=1) and 
the weighted GRS (with wi equal to the log(odds ratio) for DD for SNP i) were calculated. 

Results

During the quality control of the PD genotype data, 18 individuals were excluded: 6 because 
of too many missing genotypes, 0 because of a sex mismatch, 10 because they were non-
European, 0 because of deviating heterozygosity and 2 because of duplicate samples, which 
yielded a final dataset of 354 PD cases. The quality control of the Lifelines samples was 
described in 2017. (12) For this study, we used the genetic data of the 5,598 male participants. 
Lifelines participants who were known as PD cases or who were a first or second degree 
relative to a PD case (n=131) were excluded from the Lifelines data, leaving a control dataset 
of 5,467 unrelated males. There was no selection based on age since the precise age at PD 
diagnosis was unavailable. 

The imputed data was merged and checked for the quality of imputation. SNPs were 
excluded from the analysis when the imputation quality was < 0.8 in either dataset, thus 
leaving us with 1.77 million SNPs.
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We performed a GWAS with the remaining SNPs to compare genotype frequencies between 
the Lifelines controls and the PD cases. Of these, 195 SNPs showed a genome-wide 
significant p-value (i.e. <5E-8) (Figure 1). Most of these were single hits without any 
significant other SNPs near them. These were unlikely to have credible associations and 
were therefore regarded as false-positives. Three regions were left (Table 1; Figure 2). One 
of the significant loci was the WNT2 locus on chromosome 7 and two other regions were 
located on chromosome 15, all of which have been previously described in the GWAS on 
DD. (8) 

An overview of the associations of previously-identified DD SNPs is shown in Table 2. 
Unfortunately, only 15 of the 26 SNPs were available in our dataset. Five SNPs were nominal 
significant, of which two on chromosome 7 remained significant after multiple testing 
correction (p<0.0019). The genetic risk scores (GRS) composed of the 15 available DD 
SNPs were both significantly associated with PD (8.8E-14 for the weighted and 3.0E-14 for 
the unweighted GRS) (Figure 3). With every additional SD, the risk in PD increased 1.49 
(95% CI 1.34-1.65) times for the weighted GRS and 1.51 (95% CI 1.36-1.68) times for the 
unweighted GRS.

Figure 1. Manhattan plot of the PD GWAS
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Figure 2. Locus zoom plots of the three associated regions
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Discussion

In this study, we performed the first ever GWAS for PD. SNPs in three loci were found to be 
genome-wide significantly associated with PD. One of the hits (rs2402177) was a regulatory 
variant in WNT2, a gene that we previously also identified as a PD risk locus (Dolmans et al. 
2011).  This hit and the other two identified loci on chromosome 15 were also shown to be 
associated with DD, a phenotypically similar disease, in an earlier report. (8)

Figure 3. Distributions of (a) unweighted and (b) weighted genetic risk scores among PD cases and Lifelines 
controls.
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As mentioned, we were the first to perform a GWAS trying to identify genes for PD. Due 
to the sample size (n=354 PD cases), we unfortunately did not have much power. We 
therefore adopted a candidate SNP look-up to test the association of the 26 earlier identified 
SNPs for DD in our GWAS. Fifteen SNPs passed the stringent quality control of our GWAS 
data; five of them were nominally significantly associated with PD. This supports the theory 
that the two phenotypically similar diseases share a genetic background. A downside of 
this study was the use of two different chips for genotyping of cases and controls. However, 
new Lifelines data of approximately 36,000 individuals that were genotyped using the same 
genotyping chip as our PD cases (GSA, Illumina) will soon become available. This will 

Table 1. Genome-wide significant associations with PD. The most significant SNP within each region is shown.
Chr pos (hg19) SNP RA/CA Freq CA1 OR SE p-value

7 116915119 rs2402177 T/G 47 – 60 1.67 0.083 7.0E-10

15 35003398 rs1036460 T/C 82 – 74 0.55 0.094 2.9E-10

15 68973820 rs2415022 T/C 79 - 94 5.06 0.18 4.4E-20

Chr: chromosome; RA: reference allele; CA: coded allele; Freq: frequency; OR: odds ratio; SE: standard error.
1The first is the percentage in the controls; the second is the percentage in the cases.

Table 2. Associations of the DD SNPs with PD. Only 15 were found that were of high quality.

Chr pos (hg19) SNP RA/CA OR SE p-value  Info

1 22698447 rs7524102 A/G 0.97 0.108 0.79 1.02

1 162672011 rs17433710 T/C 1.08 0.13 0.53 0.98

5 108672946 rs246105 C/T 1.19 0.10 0.09 0.97

7 37973014 rs2598107 C/T 0.77 0.082 0.0011 0.99

7 37989095 rs16879765 C/T 0.84 0.12 0.14 0.98

7 116892846 rs38904 T/C 0.50 0.090 1.8E-14 0.86

8 25845675 rs10866846 G/A 1.02 0.085 0.78 0.94

8 70007938 rs629535 C/T 0.93 0.088 0.40 1.01

9 1201156 rs12342106 G/A 0.84 0.092 0.059 0.91

14 51074461 rs1032466 A/C 1.11 0.086 0.21 1.00

15 68628163 rs2306022 C/T 0.92 0.13 0.50 0.99

15 89238184 rs6496519 C/T 1.25 0.11 0.033 0.99

19 57678194 rs11672517 G/A 0.84 0.091 0.049 1.02

20 38300807 rs6016142 C/T 1.01 0.13 0.96 0.97

20 39320751 rs6102095 G/A 1.34 0.12 0.017 0.96

Chr: chromosome; RA: reference allele; CA: coded allele; Freq: frequency; OR: odds ratio; SE: standard error.
1The first is the percentage in the controls; the second is the percentage in the cases.
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allow for a GWAS of higher quality and less loss of SNPs because of the stringent filtering 
to control for potential batch effects between the case and control cohorts. In addition, our 
group will soon also carry out a new GWAS for DD using the same novel Lifelines data 
and will perform a meta-analysis of DD with four other cohorts (Lifelines approval number 
OV18_0461) in order to identify additional DD loci. This will provide possibilities to find 
more SNPs associated with PD and to further explore the genetic overlap of PD with DD. 
This research is necessary to provide a more comprehensive understanding of the landscape 
of genetic factors responsible for the development of PD. (7) The functional relevance of 
the identified loci can be explored and tested in in-vitro cell cultures. Moreover, such 
research will likely better define the links between malignancy and benign urologic 
conditions, such as PD, and ultimately facilitate the risk stratification, screening and 
treatment of PD patients. (15) 

Conclusion

In conclusion, we have described the first GWAS to date in PD. We discovered three variants 
predisposing to PD and evidence for a shared genetic background of PD and DD. Analysis 
of the percentage of heritability of DD explained by these variants compared to that by all 
common autosomal variants, which is estimated to be ~11%, suggests that there are many 
more common variants affecting predisposition to DD, and thus likely also to PD, and that 
larger studies with greater power will detect further associated loci. (8)
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