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Abs tract

Aim: Some recent studies on PD have focused on the WNT-2 and TGF-β1 gene loci, but its genetic basis is still not clearly known. In 
this context, we aimed to evaluate the presence of WNT-2 and TGF-β1 gene expression and genetic similarity between patients with 
Peyronie’s disease (PD) and comorbidities, especially diabetes mellitus (DM).

Methods: Between May 2020 and April 2021, 57 patients diagnosed with PD were included in this cross-sectional study. The presence 
of comorbidities [Dupuytren’s contracture (DC), DM, hypertension (HT), dyslipidemia, and erectile dysfunction (ED)] was recorded. For 
genetic analysis, the WNT-2 and TGF-β1 genes were analyzed in the patients’ serum.

Results: The mean age was found to be 50.2. 45.6% of the patients had DM, 19.1% had HT, 14% had dyslipidemia, 5.3% had DC, and 
40.4% had ED. TGF-β1 gene expression was found to be increased in all patients; WNT-2 gene expression was found to be increased 
in 80.7%. When subtypes of the TGF-β1 and WNT-2 gene expression were analyzed, 52.6% of patients with WNT-2 gene expression 
and 95.5% of patients with TGF-β1 gene expression were found to be homozygous, and the others were found to be heterozygous. 
Patients with DM and PD had significantly higher homozygous WNT-2 gene expression (p=0.03). No significant relationship was found 
between other comorbidities and these genes.

Conclusion: Homozygous WNT-2 gene expression was found to be increased in PD with DM. These data could be used to explain the 
genetic pathophysiology of PD in diabetic patients.
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Introduction

Peyronie’s disease (PD) is an acquired penile deformity 
characterized by hard fibrotic plaques, particularly on 
the dorsal surface of the penis. Its prevalence ranges 
from 0.3% to 13.1%. The most accepted hypothesis 
for the pathophysiology of PD is that recurrent trauma 
causes microvascular damage to the tunica albuginea. 
Myofibroblasts do not undergo apoptosis because of 
microtrauma, and collagen accumulation persists, which is 
the most accepted hypothesis for PD pathophysiology (1-3). 

Diabetes mellitus (DM), hypertension (HT), lipid metabolic 
disorders, ischemic cardiopathy, erectile dysfunction (ED), 
smoking, and excessive alcohol intake are considered to 
be the most prevalent risk factors for PD (4).

The genetic background of PD has been 
investigated using newly developed technologies to explain 
its etiology and pathophysiology. Patients underwent 
various genetic tests, including human leukocyte antigens 
(HLA), single nucleotide polymorphisms, karyotypic 
abnormalities, and gene expression variations. In 
particular, some recent studies on PD have focused on the 
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WNT-2 and TGF-β1 gene loci, but its genetic basis is still 
not clearly known (5,6).

In this study, we aimed to determine the association 
between the gene loci WNT-2 and TGF-β1, which may be 
related to PD, and DM and other comorbidities associated 
with PD and these gene loci.

Methods

Compliance with Ethical Standards

Ethical approval was obtained from the Clinical 
Research Ethics Committee of the University of Health 
Sciences Turkey, Istanbul Prof. Dr. Cemil Tascioglu City 
Hospital (approval no.: 446, and date: 29.12.2020).

Study Design

Fifty-seven informed and voluntary patients who were 
examined at the andrology outpatient clinic between May 
2020 and April 2021 were included in this cross-sectional 
study. Patients with a congenital penile curvature, previous 
penile surgery, or penile curvature secondary to a known 
trauma were excluded (Figure 1). All patients in our study 
were evaluated for the presence of DM, Dupuytren’s 
contracture (DC), hypertension, lipid profiles, smoking and 
alcohol consumption, and ED. All patients’ WNT-2 and 
TGF-β1 gene expressions were examined and recorded 
for genetic evaluation. The international index of erectile 
function-5 score was used to evaluate erectile functions (7).

The expression of the WNT-2 and TGF-β1 genes 
was determined by analyzing blood samples from each 
patient. Gene expression analyses of WNT-2 and TGF-
1 were performed with a real-time device (the Thermo 
Fisher Quants Studio 6 Pro real-time device). Individual 
genetic analyses were performed on each patient using 
both TaqMan SNP Genotyping Assays (rs1800471 and 
rs4730775).

Statistical Analysis

The Statistical Package for Social Sciences (SPSS) mac 
version 21 (SPSS Inc., Chicago, IL, USA) software was 
used to evaluate the research data. Descriptive statistics 
are presented as numbers and percentages for categorical 
variables and as mean, minimum, and maximum for 
numerical variables. Nominal variables were analyzed 
using the chi-square or Fisher’s exact test. The statistical 
significance level for all parameters was 95% confidence 
interval, and p-value less than 0.05 was considered 
significant.

Results
The average age of the 57 participants was 50.23±10.17 

years. 45.6% of the participants had DM (all of them 
had type 2 DM; no patient had type 1 DM, 19.1% had 
hypertension, 14% had lipid metabolism disorders, 5.3% 
had DC, and 40.4% had ED (Table 1).

At the genetic evaluation of the patients, it was 
found that the increased expression of the TGF-β1 gene 
was present in all patients. An increase in WNT-2 gene 
expression was found in only 46 (80.7%) patients. 
WNT-2 homozygous gene expression was found to be 
significantly higher in patients with PD, especially those 
with DM (p=0.03) (Figure 2).

Contrary to WNT-2 homozygous gene expression, no 
statistical significance was observed between TGF-β1 gene 
expression and the presence of DM (p>0.05). There was 
no statistically significant difference between WNT-2 and 
TGF-1 gene expression, as well as other comorbidities 
associated with PD (Table 2).

Discussion
The pathophysiology of PD is still unknown, as the 

presence of a genetic basis has been the study’s focus 
for many years. There are only a few studies on the 
relationship between PD and genetic pathologies. For 
many years, researchers have conducted various genetic 

Table 1. Demographic data of patients

Mean ± SD (Min.-Max.)

Age 50.2±10.1 (30-69)

n (%)

Diabetes mellitus 26 (45.6%)

Hypertension 11 (19.1%)

Lipid metabolism disorder 8 (14%)

Smoking 13 (22.8%)

Dupuytren’s contracture 3 (5.3%)

Erectile dysfunction 23 (40.4%)

n: Number, SD: Standard deviation, Min.: Minimum, Max.: Maximum

Figure 1. Flowchart of study
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analyses, including autoimmunity, to explain the etiology 
and pathogenesis of PD.

A family history was found in 1.9% of patients with 
PD, and 17% of patients found that they have some 
genetic factors in their etiopathogenesis, according to 
current studies (6). A study analyzing the mutation of 
HLA found a genetic predisposition to PD. According to 
the same study, HLA was a potential predictive factor for 
PD. A strong association between PD and the HLA-B27 
gene was shown in autoimmunity-related studies, but 
no significant association was found between PD and 
other HLA types. In addition, other studies analyzing the 

relationship between idiopathic PD and HLA have shown 
that patients with idiopathic PD have higher HLA-B7 cross-
reactions (8).

A significant relationship was found between 
chromosomal abnormalities and PD in other studies. 
Chromosomal numerical anomalies such as Y chromosome 
deletion and duplication of the 7th and 8th chromosomes 
were found to be related to PD. Invertion [such as 46XY, 
inv(7)(p22q36)] and reciprocal translocation [such as 
46XY, t(11;12)(q11,p11)] of chromosomes are known as 
other chromosomal abnormalities that were also found to 
be significantly associated with PD (9,10).

Several studies have focused on inherited single-
nucleotide polymorphisms as the genetic cause of PD. 
Various hereditary single nucleotide polymorphisms 
such as rs1982073 (T + 29C), rs1800469 (C-509T), and 
rs1800471 (G915C) have been found in the TGF-β1 
gene of patients diagnosed with PD. Of all these single 
nucleotide polymorphisms, only the G915C polymorphism 
has been found to be related to PD (11).

The TGF- pathway, which is an oxidative stress and 
cytokine release factor, may play a role in the pathogenesis 
of PD. Abnormal gene expression in the TGF- pathway 
may lead to the formation of these abnormal fibrotic 
plaques (6,12,13). In another study, the expression 
of polymorphisms in TGF-β1 was evaluated, and no 
statistically significant difference was found between 
TGF-β1 and PD. According to the same study, it was found 

Table 2. The presence of TGF-β1 and WNT-2 gene expression according to comorbidity status of patients with PD

Presence of WNT-2 expression
(n=46, 80.7%)

Presence of TGF-β1 expression
(n=57, 100%)

Type of the expression

Homozygous Heterozygous Heterozygous Homozygous

Diabetes mellitus
n (%)

- 6 (33.3%) 18 (64.3%) 1 (50%) 30 (54.5%)

+ 12 (66.7%) 10 (35.7%) 1 (50%) 25 (45.5%)

p-value 0.030* 0.086* 0.899** 0.899*

Hypertension
n (%)

- 14 (87.5%) 24 (80%) 1 (50%) 45 (81.8%)

+ 2 (12.5%) 6 (20%) 1 (50%) 10 (18.2%)

p-value 0.417* 0.887* 0.263** 0.263*

Dyslipidemia
n (%)

- 13 (81.3%) 27 (90%) 1 (50%) 48 (87.3%)

+ 3 (18.8%) 3 (10%) 1 (50%) 7 (12.7%)

p-value 0.522* 0.355* 0.136** 0.136*

Dupuytren contracture
n (%)

- 14 (87.5%) 30 (100%) 1 (50%) 53 (96.4%)

+ 2 (12.5%) 0 (0%) 1 (50%) 2 (3.6%)

p-value 0.126* N/A 0.087** 0.087*

Erectile dysfunction
n (%)

- 10 (62.5%) 18 (60%) 1 (50%) 33 (60%)

+ 6 (37.5%) 12 (40%) 1 (50%) 22 (40%)

p-value 0.784* 0.061* 0.777** 0.777*

*Chi-square test, **Fisher’s exact test
n: Number, N/A: Not applicable, PD: Peyronie’s disease

Figure 2. Relationship between WNT-2 gene and DM
DM: Diabetes mellitus
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that TGF-β1 expression might help in pathogenesis, but it 
was not a major genetic risk factor for PD. Additionally, the 
expression and activity of Smad transcription factors in the 
TGF-β pathway were found to be increased in PD. Patel et 
al. (14) found that TGF-β1 was more common in patients 
with PD (14,15). Similar to previous studies, our findings 
show an increase in TGF-β1 expression in patients with PD. 
An increase in TGF-β1 gene expression was observed in all 
patients. Upregulation of the WNT-2 signaling pathway 
and high catenin levels in plaques indicate that the WNT-2 
pathway may also be related to the pathogenesis of PD 
(16). In immunohistochemical studies of genetic markers in 
Peyronie’s plaques, high levels of WNT-2 gene expression 
were found in the tunica albuginea of patients with PD 
(14,17,18). In our study, we examined the level of WNT-2 
expression in the blood samples of patients and found an 
increase in WNT-2 expression of 80.7%.

Several studies on other non-genetic risk factors have 
analyzed the etiopathogenesis of PD. According to these 
studies, DM was found to be strongly associated with PD 
(16,19-21). In a study by Gelbard and Rosenbloom (22) 
evaluating the association between patients with DC and 
PD and the presence of DM, it was found that both DC 
and PD were diagnosed at a higher rate in DM patients, 
and that both diseases progressed more aggressively in 
DM patients. This relationship was found to be similar for 
all DM types (20). Crocetto et al. (4) showed that PD was 
diagnosed more frequently in patients with high insulin 
resistance and non-alcoholic fatty liver disease, especially 
in diabetic patients. It has been shown that this detected 
PD would progress more aggressively (4). Similarly, the 
higher diagnosis rate of PD in diabetic patients with a 
serum HbA1c level above 7 could support the hypothesis 
that DM and PD are associated with each other (19). None 
of the studies evaluating the relationship between DM and 
PD performed genetic analysis, and they only analyzed this 
relationship using retrospective data. Our study revealed a 
significantly higher increase in WNT-2 homozygous gene 
expression in diabetic patients. Based on our findings, 
we hypothesize that elevated WNT-2 homozygous gene 
expression may be the pathophysiological basis for the 
increased incidence of PD in diabetic patients. In addition, 
we did not find any statistically significant difference 
between patients diagnosed with HT, dyslipidemia, ED, 
and DC, which are risk factors other than DM.

Study Limitations

Our study has some limitations. First, we have a limited 
number of patients to analyze separately for each gene. Our 
findings should be supported by studies that include large 
patient populations. Second, in our study, the duration of 
comorbidities (such as DM, HT) was not analyzed. There 

is no published information on this subject, but there may 
be a correlation between comorbidity duration and gene 
expression. The presence of such a relationship may be 
investigated in the future. Third, all of the diabetes patients 
in our study were diagnosed with type 2 diabetes, and 
none of our patients had type 1 diabetes. The relationships 
between type 1 and type 2 DM disease subtypes and 
genetic expressions should be analyzed in studies with 
large patient populations. Another limitation is that only 
serum was analyzed for the presence of gene expression, 
and the tissue of Peyronie’s plaque was not analyzed for 
the presence of gene expression. The results obtained 
from this study could be the basis for future studies that 
investigate the presence of gene expression at the tissue 
level. Despite these limitations, our study is, to the best of 
our knowledge, the first to evaluate the similarity of the 
genetic basis of PD and DM.

Conclusion
WNT-2 and TGF-β1 gene expressions were found to 

be increased in PD. Although WNT-2 heterozygous gene 
expression was found to be higher than that in non-
diabetic patients, WNT-2 homozygous gene expression 
was only found to be statistically significantly higher in 
patients with DM than in non-diabetic patients. According 
to these findings, the increase in WNT-2 homozygous 
gene expression, especially in patients with DM, may play 
a role in the development of PD. A relationship between 
increased WNT-2 gene expression and other non-diabetic 
risk factors (hypertension, lipid metabolic problems, and 
ED) could not be shown in PD. Multicenter clinical studies 
with a large population must support these significant 
relationships between increased WNT-2 gene expression 
in patients with DM and PD.

Ethics

Ethics Committee Approval: Ethical approval was 
obtained from the Clinical Research Ethics Committee 
of the University of Health Sciences Turkey, Istanbul Prof. 
Dr. Cemil Tascioglu City Hospital (approval no.: 446, date: 
29.12.2020).

Informed Consent: Retrospective study.

Authorship Contributions

Surgical and Medical Practices: E.T., A.G., Concept: 
E.T., A.O., H.L.C., Design: E.T., A.O., H.L.C., Data Collection 
or Processing: E.T., A.G., Analysis or Interpretation: E.T., 
E.T.K., H.L.C., Literature Search: E.T., H.L.C., Writing: E.T., 
E.T.K.

Conflict of Interest: No conflicts of interest were 
declared by the authors.

Financial Disclosure: The authors declare that they 
have no relevant financial interests.



96

Toprak et al. WNT-2 and TGF Beta-1 Genes in Diabetes Mellitus and Peyronie’s Disease

References 
1. Gianazza S, Belladelli F, Leni R, et al. Peyronie’s disease 

development and management in diabetic men. Andrology 
2023;11:372-8.

2.  Di Maida F, Cito G, Lambertini L, et al. The Natural History of 
Peyronie’s Disease. World J Mens Health 2021;39:399-405. 

3.  Ilg MM, Mateus M, Stebbeds WJ, et al. Antifibrotic Synergy 
Between Phosphodiesterase Type 5 Inhibitors and Selective 
Oestrogen Receptor Modulators in Peyronie’s Disease 
Models. Eur Urol 2019;75:329-40.

4.  Crocetto F, Barone B, Manfredi C, et al. Are insulin resistance 
and non-alcoholic fatty liver disease associated with Peyronie’s 
disease? A pilot study. J Physiol Pharmacol 2022;73. 

5. Mitsui Y, Yamabe F, Hori S, et al. Molecular Mechanisms 
and Risk Factors Related to the Pathogenesis of Peyronie’s 
Disease. Int J Mol Sci 2023;24:10133. 

6.  Ateş E, Gökçe A. The pathophysiology of peyronie’s disease. 
Androl Bul 2019;21:161-9.

7.  Rosen RC, Cappelleri JC, Smith MD, Lipsky J, Peña BM. 
Development and evaluation of an abridged, 5-item version 
of the International Index of Erectile Function (IIEF-5) as a 
diagnostic tool for erectile dysfunction. Int J Impot Res 
1999;11:319-26.

8. Sharma KL, Alom M, Trost L. The Etiology of Peyronie’s 
Disease: Pathogenesis and Genetic Contributions. Sex Med 
Rev 2020;8:314-23.

9. Somers KD, Winters BA, Dawson DM, et al. Chromosome 
abnormalities in Peyronie’s disease. J Urol 1987;137:672-5.

10. Herati AS, Pastuszak AW. The Genetic Basis of Peyronie 
Disease: A Review. Sex Med Rev 2016;4:85-94.

11. Hauck EW, Hauptmann A, Schmelz HU, Bein G, Weidner 
W, Hackstein H. Prospective analysis of single nucleotide 
polymorphisms of the transforming growth factor beta-1 
gene in Peyronie’s disease. J Urol 2003;169:369-72.

12. Yang S, Zheng S. TGF-Î²: Its role in the differentiation and 
function of T regulatory and effector cells. Turk J Biol 
2017;41:1-11.

13. Chung E, De Young L, Brock GB. Rat as an animal model for 
Peyronie’s disease research: a review of current methods and 
the peer-reviewed literature. Int J Impot Res 2011;23:235-41.

14. Patel DP, Christensen MB, Hotaling JM, Pastuszak AW. Erectile 
Dysfunction and Peyronie’s Disease: Genetic Diseases? Eur 
Urol Focus 2020;6:572-4.

15. Haag SM, Hauck EW, Szardening-Kirchner C, et al. Alterations 
in the transforming growth factor (TGF)-β pathway as a 
potential factor in the pathogenesis of Peyronie’s disease. Eur 
Urol 2007;51:255-61.

16. Tefekli A, Kandirali E, Erol B, Tunc M, Kadioglu A. Peyronie’s 
disease: a silent consequence of diabetes mellitus. Asian J 
Androl 2006;8:75-9.

17. Gabrielsen JS. Peyronie’s disease: is it genetic or not? Transl 
Androl Urol 2020;9(Suppl 2):262-8.

18. Ten Dam EPM, van Driel MF, de Jong IJ, Werker PMN, Bank 
RA. Glimpses into the molecular pathogenesis of Peyronie’s 
disease. Aging Male 2020;23:962-70.

19. Askari M, Mohamad Mirjalili SA, Bozorg M, Azizi R, 
Namiranian N. The prevalence of Peyronie’s disease in diabetic 
patients -2018- Yazd. Diabetes Metab Syndr 2019;13:604-7.

20. Arafa M, Eid H, El-Badry A, Ezz-Eldine K, Shamloul R. The 
prevalence of Peyronie’s disease in diabetic patients with 
erectile dysfunction. Int J Impot Res 2007;19:213-7.

21. Kendirci M, Trost L, Sikka SC, Hellstrom WJ. Diabetes 
mellitus is associated with severe Peyronie’s disease. BJU Int 
2007;99:383-6.

22. Gelbard MK, Rosenbloom J. Fibroproliferative disorders and 
diabetes: Understanding the pathophysiologic relationship 
between Peyronie’s disease, Dupuytren disease and diabetes. 
Endocrinol Diabetes Metab 2021;4:e00195.




