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Introduction

Penile structural and connective
tissue disorders are a range of diseases that
can affect the integrity and biomechanical
properties of the tunica albuginea and
erectile tissues. A key figure in this
constellation are Peyronie’s disease (PD). It
involves fibrotic plaques forming within the
tunica albuginea, characterized by penile
curvature, shortening, pain and, in some
cases, erectile dysfunction [1]. This
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Structural and connective tissue disorders in the
penis, notably Peyronie’s disease (PD), involve
localized fibrosis of the tunica albuginea and
cause penile deformity, pain and sexual
dysfunction. The cause of (PD) is poorly
understood, and therapeutic options are
predominantly empirical and symptomatic.
Through a narrative review, we discuss current
evidence concerning the molecular mechanism
that informs penile connective tissue disorder,
discuss novel treatment techniques, and identify
remaining knowledge, specifically in
translational and mechanistic domains. The
importance of addressing these gaps is also a
prerequisite for developing precision-based
interventions in the field of sexual and
reproductive medicine.

association varies widely between adults
and young men, which <can be
underestimated because of suboptimal
clinical data, which is a combination of age
and diabetes mellitus with the concomitant
abnormality of Dupuytren and an
associated connective tissue disorder,
Dupuytren's contracture [3]. This suggests
the lack of a more profound explanation in
terms of PD’s pathophysiology. Modern
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therapies, from  pharmaceuticals to
mechanical devices and surgeries, focus on
symptomatic management, not disease
modification [4].

Pathophysiology of Penile Connective
Tissue Disorders
Aberrant Wound Healing

The prevailing hypothesis suggests
that PD arises from repetitive microtrauma to
the erect penis during sexual activity, leading
to localized injury of the tunica albuginea. In
normal wound healing, inflammation is
followed by tissue repair and remodeling.
However, in PD, this process becomes
dysregulated, resulting in excessive fibrotic
tissue deposition [5]. Instead of resolving, the
inflammatory phase persists, promoting
fibroblast activation and sustained
extracellular matrix accumulation. This
aberrant healing response distinguishes PD
from physiological tissue repair.

Extracellular Matrix Remodeling (ECM)

The ECM plays a critical role in
maintaining the structural integrity and
elasticity of penile tissue. In PD, there is a
marked imbalance between matrix synthesis
and degradation.

Key alterations include:

* Increased deposition of collagen types | and
I

* Fragmentation and loss of elastin fibers

* Reduced activity of matrix
metalloproteinases (MMPs)

* Increased expression of tissue inhibitors of
metalloproteinases (TIMPs)

This imbalance results in progressive
fibrosis and plaque formation, leading to
reduced elasticity and deformity [6].

Myofibroblast Differentiation
Fibroblast-to-myofibroblast

differentiation is a central event in fibrotic

disorders. Myofibroblasts are characterized
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by enhanced contractility and increased
production of ECM components.

In PD, these cells persist abnormally,
contributing to:
* Continuous collagen synthesis
* Tissue contraction
* Resistance to apoptosis

The persistence of myofibroblasts is
a key driver of chronic fibrosis [7].

Molecular Mechanisms

Pathway: Development of TGF-a TGF- is
known to be a major profibrotic cytokines
in PD. It is also responsible for proliferation
of fibroblasts, collagen production and ECM
inhibition. Upstream pathways of TGF-
signaling including:

* SMAD-dependent transcription

* MAPK signaling

* PI3K/AKT pathways

These pathways collectively
contribute to fibrotic remodeling [8].

Oxidative Stress

Oxidative stress is a key contributor
to the pathogenesis of PD. The expression
of reactive oxygen species (ROS) produced
in tissue injury may:
* Generate fibroblast proliferation
* Support TGF- signaling
* Predict inflammatory responses

More elevated oxidative stress in PD
tissue has been found to be involved in
disease development [9].

Inflammatory Cytokines

Chronic inflammation is a hallmark
of PD. Elevated levels of cytokines such as
IL-1, IL-6, and TNF-a have been identified in
affected tissues.

These cytokines:
* Sustain inflammatory signaling
* Promote fibroblast activation
* Facilitate ECM deposition



The transition from acute
inflammation to chronic fibrosis remains an
area of ongoing investigation [6]

Genetics and Epigenetics

Current evidence implies that
predisposition to PD is a potential variable.
Polymorphisms in genes related to fibrosis
and inflammation are reported, however
the result remains variable [1]. Other
mechanisms such as DNA methylation and
microRNA control are implicated in the
activation of fibroblasts and the expression
of ECM. But these pathways aren’t in all
hands completely.

Clinical Manifestations and Impact
The structural changes in penile
connective tissue manifest clinically as:
* Penile curvature (most common)
* Pain during erection
* Erectile dysfunction
* Penile shortening

These symptoms significantly affect
sexual performance and psychological well-
being. Studies have demonstrated high
rates of depression, anxiety, and
relationship  distress among affected
individuals [10].

Current Therapeutic Approaches
Pharmacological Treatments:

Pharmacological therapies for PD
include oral and intralesional agents. Oral
therapies such as vitamin E and
pentoxifylline have shown inconsistent
efficacy and are not strongly supported by
high-quality evidence [4].

Intralesional collagenase Clostridium
histolyticum is currently the most evidence-
based treatment, demonstrating modest
improvements in curvature. However, it
does not address underlying molecular
mechanisms [11].
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Mechanical Therapies

Penile traction therapy aims to
remodel fibrotic tissue through mechanical
stretching. Clinical studies suggest modest
improvements in curvature and penile
length, although adherence remains a
challenge.

Surgical Management

Surgery is reserved for stable
disease with severe deformity. Techniques
include:
* Tunical plication
* Plague incision/excision with grafting
* Penile prosthesis implantation

While effective for structural
correction, surgical interventions do not
prevent recurrence or progression of
underlying fibrosis [4].

Knowledge Gaps
Despite significant advances, few
important gaps remain:

Large-scale Disease:

Models Aside from animal models or
extrapolation from other fibrotic diseases,
most mechanistic research relies on
animals. Human penile tissue research is
small.

Early Disease Mechanisms:

The molecular processes that led to
plague formation are relatively unknown
and hence the availability of early
intervention is underrecognized.

None of the biomarkers:

None of the biomarkers are
validated for disease progression or
response to treatment.

Underutilization of Omics Technologies;
Genomic, proteomic, and

metabolomic approaches remain

underexplored in PD research.
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Predominance of Cross-Sectional Studies:

Longitudinal studies are scarce,
limiting understanding of disease
progression.

Emerging Therapeutic Targets
Advances in molecular biology have
identified several potential targets:
* TGF-B inhibitors to reduce fibrosis
* Antioxidants to mitigate oxidative stress
* Anti-inflammatory agents targeting cytokine
pathways
* Stem cell therapy for tissue regeneration
* Gene therapy to modulate fibrotic signaling

While promising, most of these
approaches remain in preclinical or early
clinical stages [5].

Future Directions

Future research should focus on:
* Developing penile-specific
models

* ldentifying early diagnostic biomarkers
* Conducting longitudinal clinical studies
* Integrating multidisciplinary approaches

molecular

A shift toward mechanism-based
research is essential for developing
effective, disease-modifying therapies.

Conclusion

The treatment of the penis as
structural and connective tissue disorders is a
complex and underdeveloped field of urology.
Further studies are still needed to gain a fuller
comprehension of how fibrotic mechanisms
are encoded, however, as applications of
these discoveries are still difficult. Targeted
research is essential to increase management
of these chronic comorbidities and improve
patient outcomes in general.

References
1. Chi J, Bi W, Lou K, Ma J, Wu J, Cui Y.
Research advances in Peyronie’s

10.

11.

Vol.7 No.1 March 2026

disease: genomics, signaling
pathways, and therapeutic targets.
Sex Med Rev. 2024; 12 (3):477-490.

Bilgutay AN, Pastuszak AW. Peyronie’s
disease: etiology, diagnosis, and
management. Curr Sex Health Rep.
2015; 7:117-131.

Patel DP, Christensen MB, Hotaling
JM, Pastuszak AW. Inflammation and
fibrosis in Peyronie’s disease. World J
Urol. 2020; 38:253-261.

Cocci A, et al. Current trends in non-
surgical management of Peyronie’s
disease. Curr Opin Urol. 2023.

Krakhotkin DV, et al. New insights into
the pathogenesis of Peyronie’s
disease. Clin Dermatol Ther. 2020.

Sahin A, et al. Molecular hallmarks of
Peyronie’s disease. Int J Impot Res.
2024.

Mitsui Y, et al. Molecular mechanisms
and risk factors in Peyronie’s disease.
Int J Mol Sci. 2023; 24:10133.

Zhang F, Qin F, Yuan J. Molecular
mechanisms and pharmacotherapy of
Peyronie’s disease. Front Pharmacol.
2021; 12:643641.

Wiborg MH, et al. Experimental
models of Peyronie’s disease. Sex
Med. 2025.

Nelson CJ, et al. Psychological impact
of Peyronie’s disease. J Sex Med.
2016.

Russo GlI, et al. Medical treatment for
Peyronie’s disease: systematic review.
World J Mens Health. 2023.




