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General introduction 

Peyronie’s disease (PD) is named after the French surgeon Francois Gigot de la Peyronie 
(1678-1747), although early descriptions of it as an ‘obstacle for marital bliss’ go back as 
far as Theodoricus Borgognoni (1205-1298) and Nicolaes Tulp (1593-1674). (1) PD presents 
commonly with the bending of the penis. Many times, pain in the penis at erection is also 
one of the first complaints. Another early symptom is feeling a nodule, usually on the dorsal 
and/or lateral side, which is commonly called ‘plaque’. As a result, the patient is often 
anxious about malignancy. Furthermore, many patients worry about the real or imagined 
loss of their sexual capacity. Potential complications include insufficient rigidity (erectile 
dysfunction) and awkward vaginal intromission, in which the penis can be inserted only 
with great difficulty. The patient and his partner invariably ask questions about the cause 
of PD including possible heredity. As with all other disorders with a form of sexual 
impairment, PD is characterized by taboos. Because it is an uncomfortable topic, and 
therefore under-discussed in public, people tend to mistakenly believe PD is less prevalent 
than it actually is. (2) 

Unfortunately, there is currently no cure for PD. Patients still have to depend on symptomatic 
medical and surgical treatments. In 2020, however, much more about its causes is known 
compared to previously. Fibrotic changes in the tunica albuginea (TA), the thick capsule 
surrounding the penile corpora cavernosa (CC), and genetic susceptibility both play a 
major role. At the beginning of the 1900s, the genetic association of PD with Dupuytren’s 
disease (DD) was already mentioned in the Dutch scientific medical literature. (3)

The tunica albuginea 
The TA is a two-layered structure of inner circular and outer longitudinal coats of connective 
tissue, encompassing the paired CC; it consists of elastin and collagen. An incomplete 
septum separates the CC and anchors dorsally to the circular inner layer of the TA. 

Penile hemodynamics 
The hemodynamic process that leads to an erection comprises four physiological 

mechanisms (Figures 1 and 2):
- activation of parasympathetic, non-adrenergic and non-cholinergic nerves, releasing 

nitric oxide through sexual stimulation;
- flow to the corpora by dilation of cavernous arteries and the helicine arterioles; 
- expansion of the lacunar spaces and trapping of blood by compression of the draining 

venules through relaxation of the trabecular smooth muscle; and
- sufficient compression of the subtunical venules and reduction in blood outflow through 

compliance of the TA and the connective tissue matrix. (4)
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The role of androgens
In the 1990s, androgen ablation by castration in animal models produced a marked increase 
in the extracellular matrix within the TA, with an approximately two-fold concomitant 
reduction of the smooth muscle to connective tissue ratio. (5, 6) According to clinicians, 
this reduction in tissue fibro-elastic properties compromised the cavernous tissue 
compliance and decreased the penile hemodynamics, resulting in erectile dysfunction by 
impairing the veno-occlusive function of the TA. (7)

In 2003, Shen and coworkers showed that androgens are also indispensable for the 
maintenance of a normal ultrastructure of the TA. (8) In castrated rats, they found a 
significant reduction in thickness of the TA. The TA of the intact animals was rich in elastic 
fibers, and the architecture showed typical regular arrangements, but the TA from castrated 
animals showed reduced density of elastic fibers and replacement by collagen. In 2005, it 
was suggested that androgens modulate the extracellular matrix through expression of 
growth factors. (9) Alongside this, case studies corroborated the restoration of erectile 
function in men with venous leakage after androgen treatment. (10, 11) 

After 2010, several investigators showed that low testosterone levels could contribute to the 
pathogenesis of PD because of the androgens’ influence on collagen metabolism by 
modulating the activity of matrix metalloproteases and tissue inhibitors of these enzymes. 
(12, 13, 14) The aforementioned observations suggest that androgens play a major role in 
maintaining the architecture of the spongy tissue within the CC as well as the structure of 
the TA. This could explain why PD rarely occurs in young men. 

Figure I. In the flaccid state, the arteries, arterioles and sinusoids that make up the CC are contracted. Blood can 
flow freely through these spaces and can exit via the emissary veins. Figure II. Arteries, arterioles and sinusoids 
relax during the erect state. This causes the constriction of veins and venules, preventing outflow via the emissary 
veins by pressure of the TA. An erection is established by vascular inflow exceeding outflow.
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Fibrosis
Fibrosis is the formation of excess connective tissue in an organ or tissue. This occurs in 
rare diseases such as idiopathic pulmonary fibrosis and systemic sclerosis, but also in more 
common disorders, such as liver cirrhosis, kidney disorders and inflammatory skin- and 
intestinal diseases. The deposition of collagen is an indispensable yet reversible part of the 
wound healing process. It can be disrupted, for example by repeated tissue damage in the 
same location or when the healing process, which normally is strictly regulated, destabilizes. 
Over the last few decades, there has been increasing evidence that stem cells play a major 
role in undisturbed wound healing. These cells counteract healing anomalies, accelerate 
wound contraction and reduce the density of extracellular matrix. 

Fibrosis is characterized by an abnormal and increased proliferation of fibroblasts and an 
excessive accumulation of connective tissue, the so-called extracellular matrix. This 
concerns mainly collagen, but also glycosaminoglycans such as hyaluronic acid and 
glycoproteins such as fibronectin. In all forms of fibrosis, the differentiation and activation 
of cells leading to myofibroblasts is an important process. These blasts arise from locally-
available fibroblasts, and from local epithelial or endothelial cells. The myofibroblasts are 
the main producers of collagen and other components of the extracellular matrix.  

Overexpression of members of the TGF-β and other pro-fibrotic factors, such as myostatin 
and plasminogen activation inhibitor-2 have been found in PD plaques and are released 
during the acute inflammation subsequent to trauma. A fibrotic plaque then becomes 
apparent and can calcify or even ossify. (15) A suspected counteractor for pro-fibrotic 
factors is iNOS. As it leads to NO release, monocyte chemotactic protein 1 is attracted by 
the fibrin in the TA, probably inducing iNOS. This proposal is supported in animal 
experiments by the reverse correlation of pro-fibrotic factor levels and iNOS activity, 
regulated by gene transfer and L-N-(1-iminoethyl)-lysine acetate inhibition. (15)

Fibrocytes are circulating connective tissue progenitor cells and their transformation into 
myofibroblasts is influenced by various growth factors, cytokines and clotting factors. With 
the advance of the wound healing process, the myofibroblasts eventually disappear through 
apoptosis. There is evidence that epigenetic changes in fibroblasts or myofibroblasts could 
contribute to fibrosis formation. (16)

Genetics
PD, DD and Ledderhose’s disease (LD) are largely similar fibro-proliferative disorders, 
characterized by abnormal collagen deposition in the TA of the penis, palmar fascia of the 
hand and plantar fascia of the foot, respectively. In DD, nodules and cords can form in the 



General introduction

13

i
connective tissue, the latter of which can cause debilitating flexion contractures of the digits. 
These diseases are thought to have a similar disease mechanism, indeed Abernathy (UK) 
first reported on their association in 1828. (17)

In the 1960s, one view was that PD patients had intercourse more frequently and more 
vigorously than age-matched cohorts, but in scientific practice it was impossible to prove 
this. However, there is no question that an accident during penetration when the penis 
bends excessively could induce PD. More recently, it was shown that the three disorders 
(PD, DD and LD) have a familial aggregation and several genetic risk variants are known 
to be associated. In 2004, Qian et al. already demonstrated that the patterns of gene 
expression alteration of certain genes in DD and PD were similar, indicating a common 
pathophysiology. (18) Gene expression, in this case messenger RNA is a derivative of family 
genetics. Biological cell studies identified an overlap in patterns of chromosomal aberrations 
in fibroblasts from PD and DD lesions. In 2012, our research group associated nine loci to 
DD in the first genome-wide association study (GWAS) of DD, and one of these nine loci 
could also be associated with PD. (19) A more recent GWAS discovered 17 additional loci 
for DD. (20) Our group will soon carry out a GWAS with the new data of approximately 
63,000 individuals and perform a meta-analysis of DD with other cohorts to identify 
additional DD loci. This also provides the opportunity to further explore the genetic 
correlation of DD with PD. 

This thesis discusses the following questions and issues:
- What is the current knowledge about PD with regard to its history, epidemiology, 

pathophysiology, pathogenesis and therapeutic options, and which of these areas shows 
the most significant gaps? (Chapter 1)

- Which nonsurgical treatments have been proposed for PD and related fibro-proliferative 
disorders throughout the ages? (Chapter 2)

- What are the long-term outcomes and complications of current treatment methods and 
how do they compare with each other? (Chapter 3)

- How does PD influence sexuality and do homosexual patients need a different approach? 
(Chapter 4)

- What is the prevalence of PD in patients with DD and LD? (Chapter 5)
- Which aspects of PD (and DD) can be genetically explained and which genes are 

responsible? (Chapter 6)
- What are the effects of verteporfin on PD and which molecular biological pathways are 

involved? (Chapter 7)
- How can we improve future PD research and treatment? (Summary and general 

discussion)



General introduction

14

References

1. Haneveld GT. Early Dutch contributions on Peyronie’s disease. Arch Chir Neerl 1979;31:123–129.
2. van Driel MF. Manhood – the rise and the fall of the penis. London: Reaktion Books Ltd, 2009, p. 201.
3. Schoonheid H. Induratio penis plastica. Ned T Gen 1907;25:1753-1755.
4. Lue TF, Tanagho EA. Functional anatomy and mechanisms of penile erection. In: Contemporary 

management of impotence and infertility. Eds. Tanagho EA, Lue TF, McClure RD. Baltimore: Williams & 
Wilkins, 1988, pp. 39-54.

5. Takahashi Y, Hirata Y, Yokoyama S, Ishii N, Nunes L, Lue TF, Tanagho EA. Loss of penile erectile response 
to intracavernous injection of acetylcholine in castrated dog. Tohoku J Exp Med 1991;163:85-91.

6. Traish AM, Park K, Dhir V, Kim NN, Moreland RB, Goldstein I. Effects of castration and androgen 
replacement on erectile function in a rabbit model. Endocrinology 1999;140:1861-1868.

7. Akkus E, Carrier S, Baba K, Hsu GL, Padma-Nathan H, Nunes L, Lue TF. Structural alterations in the 
tunica albuginea of the penis : impact of Peyronie’s disease, ageing and impotence. BJUI 1997;79:47-53.

8. Shen ZJ, Zhou XL, Lu YL, Chen ZD. Effect of androgen deprivation on penile ultrastructure. Asian J Androl 
2003;5:33-36.

9. Natoli AK, Medley TL, Ahimastos AA, Drew BG, Thearle DJ, Dilley RJ, Kingwell BA. Sex steroids modulate 
human aortic smooth muscle cell matrix protein deposition and matrix metalloproteinase expression. 
Hypertension 2005;46:1129–1134.

10. Yassin AA, Saad F, Traish A. Testosterone undecanoate restores erectile function in a subset of patients with 
venous leakage: a series of case reports. J Sex Med 2006;3:727-735.

11. Kurbatov DG, Kuznetsky YY, Kitaev SV, Brusensky VA. Magnetic resonance imaging as a potential tool for 
objective visualization of venous leakage in patients with veno-occlusive erectile dysfunction. Int J Impot 
Res 2008;20:192-198.

12. Karavitakis M, Komninos C, Simaioforidis V, Kontos S, Lefakis G, Politis V, Koritsiadis Gonstantellou 
K, Doumanis G. The relationship between androgens, regulators of collagen metabolism, and Peyronie’s 
disease: A case control study. J Sex Med 2010;7:4011–4017

13. Cavallini G, Biagiotti G, Lo Giudice C: Association between Peyronie’s disease and low serum testosterone 
levels: detection and therapeutic considerations. J Androl 2012;33:381-388

14. Moreno SA, Morgentaler A.: Testosterone deficiency and Peyronie’s disease: pilot data suggesting a 
significant relationship. J Sex Med 2009; 6:1729-1735

15. Gonzalez-Cadavid NF, Rajfer J. Mechanisms of disease. New insights into the cellular and molecular 
pathology of Peyronie’s disease. Nat Clin Pract Urol, 2 (2005), pp.291-297.

16. Huang SK, Scruggs AM, McEachin RC, White ES, Peters-Golden M.  Lung fibroblasts from patients 
with idiopathic pulmonary fibrosis exhibit genome-wide differences in DNA methylation compared to 
fibroblasts from nonfibrotic lung. PLoS ONE 2014;9:e107055.

17. Abernathy J. The consequences of gonorrhoea. Lecture on anatomy, surgery and pathology including 
observations on the nature and treatment of local diseases, delivered at the St. Bartholomew’s and Christ’s 
Hospitals. 1st ed. London, England: James Balcock; 1828:205.

18. Qian A, Meals RA, Rajfer J, Gonzalez-Cadavid NF. Comparison of gene expression profiles between 
Peyronie’s disease and Dupuytren’s contracture. Urology 2004;64:399-404.

19. Dolmans GH, Werker PM, de Jong IJ, Nijman RJ, LifeLines Cohort Study, Wijmenga C, Ophoff RA. WNT2 
locus is involved in genetic susceptibility of Peyronie’s disease. J Sex Med 2012;9:1430-1434.

20. Ng M, Thakkar D, Southam L, Werker P, Ophoff R, Becker K, Nothnagel M, Franke A, Nurnberg P, Espirito-
Santo AI, Izadi D, Hennies HC, Nanchahal J, Zeggini E, Furniss D. A genome-wise association study of 
Dupuytren disease reveals 17 additional variants implicated in fibrosis. Am J Hum Genet 2017;101:417-
427.



15

 




	Title and contents



