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Introduction

Peyronie’s disease (PD) is an acquired fibrosis of the tunica 
albuginea of the penis, affecting up to 13% of the adult male 
population (1). The fibrosis is thought to be due to trauma 
to the erect penis during intercourse, resulting in a palpable, 
inelastic plaque that causes curvature of the penis when erect. 
PD can be devastating as there is often a period of active 
disease associated with severe pain (2); however, even after 
the pain has resolved, erectile dysfunction is often present. 
The disease can be both physically and psychologically  
debilitating (3). While a variety of treatments are available, 
these are often of limited efficacy and none are able to 
completely prevent the disease from occurring or progressing. 

Over the past 40 years, studies have linked human 
leukocyte antigen (HLA) group antigens, single-nucleotide 
polymorphisms, karyotypic abnormalities, and gene 
expression changes to PD, yet none have definitively 
identified the underlying etiology. Indeed, despite 
significant technological advances in the field of genetics, 
little progress has been made in our understanding of the 
genetic underpinnings of the disease. In this review, the data 
supporting—and disputing—a genetic basis for PD will 
be evaluated. While genetics alone does not cause PD, it 

remains likely that some men have a genetic predisposition to 
developing the disease. Possible reasons as to why the genetic 
link to PD has been so elusive and how these challenges can 
be overcome moving forward will be discussed.

Factors supporting a genetic basis for PD

The distribution of PD among different ethnicities is one 
of the factors suggesting an underlying genetic basis for the 
disease. PD is more likely to occur in Caucasian men than in 
other ethnicities (4). Like other diseases predominantly found 
in specific ethnicities (e.g., cystic fibrosis, hemochromatosis, 
sickle cell anemia, beta thalassemia, etc.), the relatively high 
prevalence suggests the presence of a founder mutation. 

Other fibroproliferative diseases, especially Dupuytren’s 
disease (DD) are higher in men with PD than the general 
population. Like PD, DD manifests as fibrosis and 
contracture of the palmer fascia. About 20% of men with 
DD are found to have PD, and DD is frequently found 
in families with a high prevalence of PD (5-7). This 
co-occurrence, the overlap of symptoms, and familial 
transmission suggest a common genetic predisposition. 

Many men with PD can recall a traumatic event that 
preceded the onset of penile pain and subsequent fibrosis 
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and curvature (2,8). It should be noted, however, that most 
cases of penile trauma—especially severe trauma such as 
penile fracture—do not result in PD. For example, in a study 
of Iranian men, no cases of PD occurred among 193 patients 
who underwent surgical repair for penile fracture (9).  
Thus, some individuals appear to be primed to develop the 
disease in response to relatively minor trauma, while others 
can experience major trauma without developing disease—
as would be expected with a genetic predisposition.

HLA, autoimmunity and PD

The first genetic link to PD was proposed by Willscher  
et al. in 1979, who hypothesized that HLA-B group antigens 
would be associated with PD given their association with other 
fibrotic diseases (10). They found HLA-B7 cross-reactive 
antigens in 7 out of 8 men (88%) with idiopathic PD. Nyberg 
et al. subsequently published three pedigrees of families with 
three generations of father-son transmission of PD, reporting 
that 89% of the affected individuals cross reacted with the 
HLA-B7 antigen (6). Ziegelbaum et al. reported on identical 
twins with PD, whose father and one of their sons had evidence 
of PD, all of whom were found to carry the HLA-B40 antigen 
(of note, the B40 antigen cross reacts with the B7 antigen) (7). 
These data suggest an autosomal dominant, partially penetrant 
inheritance pattern to PD.

In contrast to these studies, however, Leffell et al. found 
no association with any HLA antigen among 28 men 
with idiopathic PD (11). Rompel and colleagues found no 
association between the B7 group antigens in 52 individuals 
with idiopathic PD, but HLA-A1 and HLA-DQ2 antigen 
frequencies deviated significantly from the local general 
population (12). HLA-DQ5 antigens were found in 61% of 
31 men with PD, which was 4.6-fold higher than the rate of 
the 94 controls (13). 

These studies were limited in large part by technology 
and sample size. Advances in the field subsequently allowed 
Hauck et al. to investigate HLA class I and II antigens in 
154 consecutive PD patients compared to a large number of 
bone marrow donors and a large national cohort of 14,835 
men (14). In contrast to all the prior studies, they found 
no significant differences in HLA-A, B or C, or HLA-DR 
group antigens. They further concluded that HLA-DQ2 and 
HLA-DQ5 were unlikely to be different given the strong 
linkage disequilibrium in their population (14). It should 
also be noted the clinical relevance of HLA-DQ2 and HLA-
DQ5 antigen differences reported by Rompel et al. (12) and 
Nachtsheim et al. (13), respectively, is also unknown as HLA-

DQ antigens are undetectable on cells isolated from both PD 
plaques and control tunica albuginea (15).

While the early and latter studies seem discrepant, 
the findings are not necessarily mutually exclusive as the 
populations investigated were quite different. For example, 
the Nyberg and Ziegelbaum studies were limited to families 
with evidence of father-to-son transmission (6,7). The 
Leffell, Rompel, Nachstsheim, and Hauck studies focused 
on the general PD population, the majority of whom were 
not related (11-14). The relevance of this difference is 
demonstrated by the proportion of men with coincident 
DD, as the Nyberg study found 78% of the men with PD 
also had DD compared to only 11% in the Leffell study 
(6,11). It is interesting to note, though, that of the three 
men with both PD and DD in the Leffell study, two were 
found to cross-react with HLA-B group antigens, consistent 
with the Nyberg study.

Several other possibilities may explain the disparate 
findings. First, sample sizes were relatively small and, thus, 
the studies were not likely to be sufficiently powered to detect 
differences. The HLA group antigens served as early markers 
for different alleles before single-nucleotide polymorphisms 
and more advanced sequencing technologies were available. 
Thus, the HLA haplotype itself may not be responsible for 
PD, but rather is closely linked to the causative allele. In 
families there would likely be greater linkage disequilibrium 
between a specific antigen and the nearby DNA than in 
the general population, potentially explaining why familial 
studies found similar antigens and the other studies did not. 
Additionally, selecting controls for the studies is challenging, 
as unscreened controls from the general population might 
have had PD. In cases of known non-PD controls, however, 
they could still have had the genetic predisposition to PD 
but just did not had exposure to the trauma or other inciting 
event to cause the disease. Depending on the prevalence of 
the gene in the population, this could greatly increase the 
number of individuals needed to achieve statistical power. 
Finally, it is possible that multiple genes are involved, and 
therefore, one particular gene may be enriched in a family 
and detectable within a small number of subjects, but not 
detectable in a more heterogenous group of people. 

Nevertheless, the association with between HLA antigens 
and autoimmune disease led Ferretti et al. to hypothesize 
that the immune response could induce PD (16). To test this, 
they performed allografts of the tunica albuginea in Sprague 
Dawley rats (an outbred strain, so littermates are genetically 
different from each other). Compared to rats who received 
their own tunica (i.e., autografts), those who received tissue 
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from a different rat developed scarring, chronic inflammation, 
localized osteogenesis, and curvature that persisted throughout 
the 12 weeks of the study—a clinical picture very similar 
to PD (16). Consistent with a potential immune etiology, 
mycophenolate mofetil (a potent immunosuppressant used to 
prevent transplant rejection) was found to attenuate plaque 
development in a TGF-β1-induced model of PD in rats (17). 

The relationship between autoimmune disease and PD 
in humans is less clear, particularly given that PD occurs 
in the absence of allografts. Nonetheless, Ventimiglia et al. 
evaluated a cohort of 1,149 consecutive men presenting 
with sexual dysfunction and found autoimmune diseases 
in 9.5% of those presenting with PD compared to 2% of 
those presenting with other primary complaints (18). Ralph 
et al. reported that autoimmune antibodies are elevated 
in men with PD compared to age-matched controls (19). 
Antinuclear antibodies were found in 24% of affected men 
compared to 4% of controls; however, no specific anti-penis 
antibodies were detected. Anti-elastin antibody titers are 
elevated in men with PD compared to controls (20).

Contrary to these studies, a recent study published by 
Pastuszak and colleagues used a large claims database to 
assess comorbid diseases among men with PD (21). They 
found that autoimmune diseases were not significantly more 
prevalent among the nearly 9,000 men with PD compared 
to men with erectile dysfunction (ED) alone or controls. 

As with the HLA studies above, differences in the study 
populations may be responsible for the disparate findings. In 
the Ventimiglia study, for example, men were selected from 
those presenting to an academic andrology clinic complaining 
of sexual dysfunction, whereas the Pastuszak study used men 
from a much broader background (i.e., those who saw any 
type of doctor) (18,21). Thus, ascertainment bias could have 
resulted in a disproportionate number of men with PD being 
found to have coincident autoimmune disease (Ventimiglia 
study), whereas there may not be such an association in 
the general population (Pastuszak study). Alternatively, the 
Pastuszak study is dependent upon billing codes, which may 
not accurately capture actual disease (e.g., congenital penile 
curvature may be coded as PD, whereas PD may be coded as 
penile pain, particularly by non-urologists). Neither of these 
studies looked at HLA antigens or genetic markers. Therefore, 
even if there is an association between autoimmune disease and 
PD, there still may not be a genetic link.

Single-nucleotide polymorphisms and PD

Genome-wide association studies (GWAS) are chip-based 

arrays that identify single-nucleotide polymorphisms across 
the whole genome. While these polymorphisms may be 
directly pathologic, they more commonly identify alleles 
that may be markers for nearby pathologic variations—like a 
higher resolution version of the HLA haplotype. Compared 
to whole genome or exome sequencing, GWAS are a 
relatively inexpensive and quick way to identify variation 
across the genome that may be associated with disease. 

Despite extensive use of this technology in other fields, no 
full genome array data have been reported for PD. One study 
looked at 9 susceptibility loci for DD in men with PD, of 
which only one was found to be associated with PD (rs4730775 
in the WNT2 gene) (22). This finding was interesting, 
however, particularly given that WNT-signaling proteins are 
higher in PD plaques than adjacent normal tunica (23). 

Consistent with a role of aberrant WNT signaling, 
TGF-β1 (an activator of the WNT signaling pathway) 
is used to induce myofibroblast proliferation and plaque 
formation in animal models of PD (17,24). Inhibition 
of TGF-β1 signaling by overexpression of SMAD7 or 
silencing of HDAC2 or HDAC7 prevents myofibroblast 
transformation and progression of PD (24-26). Hauck 
et al. therefore hypothesized that SNPs in the TGF-β1 
gene might be associated with PD (27), but no significant 
associations were found.

Karyotypic abnormalities

Cultures of plaque-derived fibroblasts have been used by 
many laboratories to better understand the mechanisms 
leading to PD. Somers et al. discovered that plaque-derived 
fibroblasts from over half the men in their study had an 
abnormal karyotype, whereas none of the cultures derived 
from their adjacent normal tunica albuginea, skin, or 
lymphocytes were abnormal (28). Likewise, no abnormal 
karyotypes were found from non-PD scar- and chordee-
derived fibroblasts (28). A subsequent study confirmed 
a high rate of abnormal karyotypes in plaque-derived 
fibroblast cultures (9 of 14 men with PD) (29). Mulhall  
et al. also demonstrated high aneuploidy rates in PD plaque-
derived fibroblasts that were not observed in foreskin- or 
congenital curvature-derived fibroblast cultures (30). 

Closer examination of the above data, however, indicates 
that genetic instability rather than specific karyotype 
abnormalities may lead to development of PD. First, in most 
of the studies, fibroblasts from normal tunica and lymphocytes 
came from the men with PD. Thus, it was only the plaque-
derived fibroblasts and not all the cells in their bodies that had 
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the abnormal karyotype. Second, there is no consistent pattern 
to the karyotype abnormalities. Somers et al. found loss of the 
Y chromosome in 3 of 9 cultures, while Guerneri found either 
a gain or loss of Y in 8 of 9 cultures (28,29). Mulhall found 
an increased loss of Y as well as abnormalities in all other 
markers tested (i.e., 7, 8, 17, 18 and X), while Guerneri found 
no trisomy 7 and 8 (29,30). Along these lines, Perinchery 
et al. demonstrated that PD plaques exhibit a high level of 
microsatellite instability and loss of heterozygosity compared 
to adjacent non-plaque tunica albuginea, lymphocytes and 
tunica albuginea from controls (31).

Additionally, it is notable that Mulhall and colleagues 
reported increasing karyotype abnormalities with higher 
passage numbers for plaque-derived and adjacent normal 
tunica-derived fibroblasts, but that the plaque-derived 
fibroblasts show instability at lower passage numbers (30). 
They subsequently demonstrated that the PD plaque-
derived fibroblasts developed into tumors when injected 
into nude mice (32). While these data may suggest 
that malignant transformation of fibroblasts could be 
causative in the pathogenesis of PD, the rare occurrence 
of tunical sarcomas in PD would suggest that malignant 
transformation occurs more in vitro than in vivo. 

One major issue, however, is that PD plaque-derived 
“fibroblast” cultures contain a high proportion of 
myofibroblasts, whereas normal tunica- and foreskin-
derived fibroblast cultures do not (33). Thus, whether the 
microsatellite instability or karyotypic abnormalities lead 
to the disease directly, or whether these are simply due to 
inherently different properties of myofibroblasts compared 
to fibroblasts in culture has yet to be determined.  

Interestingly, myofibroblast infiltration is also found in 
DD nodules. Cytogenetic studies from DD nodule-derived 
cultures also show a high rate of chromosomal abnormalities, 
with trisomy 7, trisomy 8, and loss of Y being reported 
in some studies (34,35). Similar to PD plaque-derived 
fibroblast cultures, however, not all studies found the same 
chromosome abnormalities. Casalone et al. also reported 
high rates of aneuploidy, but trisomy 7 and 8 were only 
sporadically observed (36). Thus, while both PD and DD 
appear to share similar etiologies, the specific contribution of 
genetic instability remains unclear in both diseases.

Gene expression changes in PD

Several studies have focused on gene expression abnormalities 
in PD plaques using both hypothesis-driven testing and 
microarrays [summarized in (37)]. As with the karyotype 

abnormalities, however, the different cell composition of the 
analyzed tissue makes interpretation difficult. For example, 
Thomas et al. found decreased expression of alternatively 
spliced IGF1 mRNA isoforms in PD plaques compared to 
adjacent unaffected TA (38). Microarray analysis of PD plaques 
demonstrated upregulation of pathways favoring plaque 
formation and downregulation of pathways that inhibited 
plaque formation (39). In both these studies, however, 
sequencing of the genes was not performed; thus, whether 
or not these altered expression levels are due to genetic 
differences remains unclear. Nonetheless, given that both the 
plaque and normal tunica both came from men with PD, it 
is less likely that the difference is due to DNA sequence. 
Rather, it likely reflects cell type-specific differences in gene 
expression between myofibroblasts and fibroblasts. 

Hurdles and potential solutions

As demonstrated in the literature review above, there is 
evidence for a genetic contribution to PD. While there has 
been rapid growth in our knowledge and advancement in 
technologies that can facilitate genetic discovery, the precise 
mechanisms have remained elusive for over 40 years. Two 
factors contributing to this challenge are reemphasized below:

(I) There may be more than one gene responsible. 
As shown in the HLA typing, the HLA-B group 
reactivity appears to be particularly prominent in 
familial cases of PD but not in sporadic cases. One 
potential explanation is that multiple genes could 
affect predisposition to PD. As in other genetic 
diseases, identifying mutations associated with disease 
is easier in families as affected individuals share the 
same mutation. A group of unrelated individuals is 
more heterogeneous. The increased noise from the 
contribution of different genes can greatly reduce the 
power to detect significant differences.

(II) There is incomplete penetrance. PD often occurs 
in the setting of trauma to the erect penis. The 
likelihood of developing PD increases as exposure 
to inciting events increase. Thus, mean age 
at presentation is typically 50–70 years (8,40), 
although some men may never have an inciting 
event. Thus, it may be difficult to select controls 
as a person without PD may still have a genetic 
predisposition. This is particularly troublesome 
if the prevalence of disease is high, as among 
Caucasian men. Misclassification of controls can 
greatly increase the number of male subjects 
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needed to achieve statistical significance. 
Given the number of families with extended pedigrees of 

highly penetrant PD may be limited, how might we overcome 
these hurdles? The key goal is to reduce the noise in the data. 
While using genetically related individuals greatly facilitates 
this, there are other methods that can be considered. 

First, starting with the assumption that more than one 
gene may increase the risk of developing PD, subclassifying 
PD may help create more homogenous groups. For example, 
in the HLA study, Nyberg found that 7 of 9 of the related 
men with PD also had DD (i.e., 78%) which is considerably 
higher than the 11% among the general PD population 
reported by Leffell (6,11). Thus, one potential categorization 
would be to study men with both PD and DD. Another 
subcategory could be men who painlessly develop PD 
plaques. Other potential characteristics that could be used to 

subdivide the general PD population are listed in Table 1. 
Along these lines, identifying alleles that confer a higher 

risk is easier than identifying those that confer a smaller 
risk. Unusual presentations or outliers may be particularly 
beneficial in this regard. For example, studying men who 
develop PD at a young age [e.g., before age 40 (8)], men 
who develop PD without a history of sexual activity, or 
men from ethnic backgrounds where PD is rare, may help 
identify high impact, low frequency genetic contributors. 
Once identified, the contribution of these alleles could be 
studied in the general PD population. 

A second important consideration is the identification of 
appropriate controls. Many studies selected controls who 
self-reported that they did not have PD or assumed that 
men from the general population were free of disease. This 
is problematic as up to a third of men found to have PD are 
unaware that they have the disease (40). Thus, it is critical 
that physical examination be done on both the men with PD 
and the controls. Beyond this, however, it is also important 
to ensure that men who are selected for controls have had 
sufficient exposure that they would likely have already 
developed PD if they were susceptible. One way to do this 
would be to use only older men (e.g., 70- or 80-year-old men); 
however, there is no guarantee that they have had sufficient 
exposure to the inciting event. A better way, perhaps, would 
be to use a cohort of men who have had known exposures 
without developing PD (e.g., on intracavernosal injection 
therapy or who have undergone penile fracture repair). 

An extension of this second point is to ensure that 
confounders are minimized between the groups being 
compared. As highlighted in the karyotypic abnormalities 
section, many of these studies compared plaque and 
normal tissue from the same individuals. This reduces the 
noise that the genetic background contributes to gene 
expression; however, it also greatly reduces the ability 
to identify genetic factors that contribute to PD plaque 
development. Thus, the resulting data more likely identify 
gene expression differences between myofibroblasts and 
fibroblasts. Comparing normal tunica from men with PD to 
normal tunica from appropriately selected controls would 
facilitate identification of genetic differences that predispose 
men to the disease. This also applies to ethnic backgrounds 
of subjects and controls, exposures of subjects and controls, 
and other potential confounders.

Conclusions

Multiple lines of evidence have suggested that there is a 

Table 1 Potential characteristics to identify subtypes of PD

Demographics

Age

Ethnicity

Family history

Exposure prior to disease onset

Microtrauma during intercourse

Intracavernosal injection

Penile fracture

Exposure prior to disease onset

Microtrauma during intercourse

Intracavernosal injection

Penile fracture

Disease

Pain with onset of disease

Plaque size/location/calcification

Number of plaques

Degree of curvature

Rate of progression

Other

Response to treatment/recurrent disease

Concomitant DD or other fibrosing disease

Other associated diseases (e.g., diabetes, hypertension, 
erectile dysfunction, autoimmune disease)
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genetic contribution that predisposes men to developing 
PD. Nonetheless, the data remain highly controversial 
and the question persists: what is the link? Technological 
advances have greatly increased the resolution with which 
we can search the genome; however, simply increasing the 
data collected is likely insufficient to identify the genes 
responsible for PD. As with genetic discoveries for other 
diseases, enriching for the presence of disease alleles while 
minimizing confounders will be paramount to answer this 
critical question.
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