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Abstract: Radical prostatectomy (RP) is a highly effective treatment for localized prostate cancer; unfortunately, 
post-prostatectomy urinary incontinence (UI) remains a prevalent and distressing complication, significantly dimin-
ishing patients’ quality of life. Current therapeutic options often provide incomplete continence restoration and may 
lead to substantial morbidity. This review examines the rapidly advancing field of regenerative medicine, specifically 
focusing on stem cell and exosome-based therapies as innovative approaches to address post-RP UI. We go deeper 
into the unique pathophysiology of male post-prostatectomy UI, distinguishing it from other forms of UI, and pres-
ent the compelling biological rationale for these regenerative interventions. Highlighting advancements from 2014 
to 2025, we explore recent preclinical and clinical progress in this domain. Furthermore, we critically assess the 
persistent challenges crucial for widespread clinical application, including optimizing cell dose and source, ensur-
ing long-term efficacy and safety, and interpreting complex regulatory environments. By bridging the understanding 
of sex-related differences between females and males in UI and tackling the specific challenges of male post-RP 
incontinence, this review emphasizes that while promising, the journey from laboratory bench to bedside for these 
innovative therapies demands rigorous scientific inquiry and collaborative efforts.
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Introduction

Post-prostatectomy urinary incontinence (PPI) 
is a significant complication of radical prosta-
tectomy (RP) for prostate cancer (PCa) [1-3]. 
PCa is the second leading cause of cancer-
related deaths and the most frequently diag-
nosed cancer in men in the United States [4]. 
RP, often used as the first-line treatment, even 
with robotic techniques, has a high incidence of 
PPI, affecting up to 87% of patients [1]. While 
most men experience resolution of post-RP uri-
nary incontinence within 3 months [5, 6], at 
least one-third may endure prolonged inconti-
nence with an observed plateau at 12 months 
postoperatively [7-10]. PPI severely impacts 
patients’ quality of life, significantly affecting 
their physical and mental well-being, which can 

lead to social isolation, emotional distress, 
physical limitations, sleep disturbance, sexual 
dysfunction, and an overall burden on their lives 
[11-13].

Despite considerable efforts, a major challen- 
ge remains in reversing pathological changes  
in neuromuscular tissue and restoring urethral 
sphincter function for patients with PPI [14]. 
Multiple factors contribute to PPI, including a 
patient’s pre-surgery anatomy, bladder func-
tion, surgical technique, and surgeon experi-
ence [15]. Urinary continence in men is ma- 
intained by proper function of the detrusor 
smooth muscle, the proximal intrinsic sphincter 
at the bladder neck, the urethral suspensory 
mechanism (pubo-urethral ligaments), and the 
external urethral sphincter (EUS) electromyog-
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raphy (EMG) innervated by the pudendal nerve 
[16-18]. Several surgical factors following RP, 
including dissection during surgery, neurovas-
cular bundle damage, muscle atrophy, postop-
erative inflammation and fibrosis, and can all 
negatively impact continence [19]. These surgi-
cal factors reduce the number of functional 
nerve fibers and hinder potential regenerative 
efforts, as newly formed fibers are often less 
effective. Furthermore, inflammatory respons-
es and peri-neural fibrosis around nerves fur-
ther impede nerve recovery and function. De- 
nervation additionally triggers muscle atrophy, 
a decrease in muscle mass, and function within 
the sphincter [20]. Fibrosis within the muscle 
tissue further diminishes elasticity and func-
tion, with scar tissue replacing healthy muscle 
and leading to overall incontinence [21].

The combined effects of neuromuscular (NM) 
impairment result in decreased urethral pres-
sure, weakening the continence mechanism. 
This manifests as increased urgency, frequen- 
cy of involuntary leakage, and a particular vul-
nerability during activities that increase intra-
abdominal pressure [19, 22]. Despite existing 
treatment options like rehabilitation, slings, 
and artificial urinary sphincter (AUS) implants, 
no perfect solution currently exists for PPI [23]. 
AUS is considered the most effective treatment 
for this condition; however, most men still 
require at least one pad daily [23-25]. In addi-
tion, complications such as device malfunc-
tions, urethral erosion, urinary retention, tem-
porary pain, and infection can occur, leading to 
revision surgeries in up to 80% of cases within 
10 to 15 years [20, 26-28]. This highlights the 
critical need for novel therapeutic strategies to 
promote NM regeneration, restore urethral 
sphincter function, and ultimately improve 
patients’ quality of life by addressing significant 
psychological and social repercussions of PPI.

Sex-related differences in urinary inconti-
nence: implications for regenerative therapies

While the goal of restoring continence is shar- 
ed, the anatomical, physiological, and etiologi-
cal distinctions between male and female UI 
demand tailored approaches in diagnosis, con-
ventional management, and the application of 
regenerative medicine. Understanding these 
sex-related differences is crucial for developing 
effective therapies, particularly in emerging 
fields like stem cell and exosome therapy.

The anatomical differences between male and 
female pelvic structures that influence conti-
nence mechanisms are illustrated in Figure 1.

PPI is mainly an iatrogenic complication of pros-
tate cancer surgery, arising from a combination 
of structural and neurologic factors. The lead-
ing cause is direct injury to continence me- 
chanisms during surgery [19, 28]. This includes 
damage to the external urethral sphincter (EUS) 
[29], either mechanical trauma or loss of blood 
supply, which impairs voluntary sphincter con-
trol [19, 30]. Concurrently, injury to the puden-
dal and pelvic nerve plexus, including cavern-
ous nerves, further reduces autonomic and 
somatic input, weakening sphincter tone and 
reflex control [18, 31]. In addition, loss of in- 
trinsic urethral smooth muscle function and 
reduced urethral support from disruption of st- 
ructures such as the puboprostatic ligaments 
contribute to impaired continence [19, 28]. Fur- 
thermore, postoperative issues like bladder 
neck scarring and new-onset detrusor dysfunc-
tion can also occur, leading to persistent, often 
mixed-type urinary incontinence [34].

Stem cell and exosome therapies have been 
extensively researched for female UI [34-36].  
A comprehensive comparison of the patho- 
physiology, rationale, treatment strategies, and 
associated challenges between female and 
male UI could greatly facilitate the advance-
ment of these regenerative approaches, par-
ticularly for male UI conditions including post-
prostatectomy incontinence (PPI). This review 
highlights these critical differences, paving the 
way for more targeted and successful regener-
ative interventions in both sexes (Table 1).

Pathophysiology of post-radical prostatectomy 
urinary incontinence in males

Understanding the complex causes of post-RP 
UI in males is essential for developing target- 
ed regenerative therapies. RP can cause UI 
through disrupting several mechanisms requir- 
ed for urinary continence. During RP [19, 29], 
surgical removal of the prostate can cause 
external urethral sphincter (EUS) injury due to 
of direct surgical trauma [30, 32], thermal inju-
ry, or ischemia that can result in fibrosis (scar-
ring), atrophy and loss of functional muscle 
fibers [50]. Another key factor causing post-RP 
UI is pudendal nerve injury. Traction, compres-
sion, or cutting of the nerves during surgery can 
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result in denervation, leading to EUS atrophy. 
Removing the prostate also causes bladder 
neck incompetence because it inherently dis-
rupts the internal urethral sphincter mecha-
nism, which normally helps with continence 
[18, 31]. Pelvic floor dysfunction is an addition-
al mechanism because the surgery can impact 
on the integrity and neuromuscular control of 
the pelvic floor, further contributing to muscle 
weakness [19, 28]. Furthermore, post-surgical 
inflammation and the formation of scar tissue 
can significantly impair sphincter function. Fi- 
brosis and inflammation can make regenera-
tion more difficult. Effective regenerative the- 
rapies will need to address the above key fac-
tors responsible for post-RP UI [36].

Rationale for stem cell and exosome therapy 
in post-RP UI

Stem cells and exosomes-based therapy have 
been identified to have the potential to re- 
solve major defects responsible for post-RP UI. 
Damage to the external urethral sphincter (EUS) 

may be repaired through the regenerative ca- 
pacity of stem cells, which can differentiate into 
muscle and nerve lineages to restore both 
structural integrity and functional control [33, 
40, 48]. This could potentially restore the struc-
tural integrity and function of the EUS and its 
innervation. In addition, stem cells and exo-
somes can help regulate inflammation and tis-
sue scarring, as both possess strong immu- 
nomodulatory and anti-fibrotic properties that 
may limit the adverse effects of postoperative 
healing [33, 42]. These therapies could pro-
mote angiogenesis by encouraging the forma-
tion of new blood vessels and therefore improve 
blood supply to the damaged urethral sphinc-
ter, improving oxygen and nutrient delivery to 
injured tissues, and enhancing tissue viability 
and regeneration [36, 49]. Beyond muscle and 
vascular repair, stem cells and exosomes con-
tribute to nerve healing. Stem cells and exo-
somes can produce and release neurotrophic 
factors, which are crucial for promoting nerve 
regrowth and re-innervation of the EUS [34]. 
Finally, stem cells and exosomes can exert 

Figure 1. Comparison of male and female pelvic floor musculature and organ anatomy. This diagram illustrates the 
sagittal view of the male and female pelvis, highlighting the position of the pelvic floor muscles relative to urogenital 
and digestive organs. Key anatomical structures labeled include the bladder, urethra, pubic bone, sacrum, coccyx, 
intestine, and anus. The male pelvis features the prostate gland located beneath the bladder, while the female 
pelvis contains the uterus situated between the bladder and rectum. These anatomical differences underpin varied 
susceptibilities to urinary incontinence. In males, the prostate’s position and the longer urethral length contribute to 
continence, with prostatectomy often disrupting these structures, leading to post-surgical incontinence. In females, 
the shorter urethra, wider pelvic outlet, and direct anatomical relationships with the reproductive organs (e.g., 
uterus) predispose to stress incontinence, particularly after childbirth or with hormonal changes. The pelvic floor 
muscles support these organs in both sexes, and their functional integrity is paramount for maintaining continence.
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Table 1. Differences in pathophysiology, rationale, treatment strategy, and challenges between female and male urinary incontinence
Aspect Female UI Male UI (Post‑RP Focus)
Primary Etiology Childbirth, menopause, aging (stress UI); idiopathic or neurogenic 

(urge UI) [37].
Iatrogenic surgical trauma to external urethral sphincter and pu-
dendal nerves [38].

Core Pathophysiology Pelvic‑floor and sphincter weakness; fascial laxity; detrusor overac-
tivity [39].

Sphincter injury, fibrosis, denervation, bladder‑neck incompetence 
[38].

Anatomical Target Intrinsic urethral sphincter; periurethral and pelvic‑floor tissues [37]. External urethral sphincter and pudendal nerve [38].
Regenerative Goal Restore muscle strength, connective‑tissue integrity, and neural 

support [40].
Regenerate striated sphincter, promote re‑innervation, reduce 
fibrosis [40].

Cell Types Studied ADSCs, MDSCs, BM‑MSCs, USCs, ESCs [34, 41, 43, 55]. ADSCs, MDSCs, BM‑MSCs, USCs [34, 41, 43, 55].
Exosome Action Pro‑regenerative, anti‑inflammatory, pro‑angiogenic effects [44]. Pro‑myogenic, neurotrophic, anti‑fibrotic effects [44].
Delivery Route Periurethral/transurethral/pelvic‑floor injection [45]. Direct sphincter injection (transperineal/transrectal) [45].
Therapeutic Challenges Diffuse injury, mechanical stress, limited cell integration [38]. Localized fibrosis, neural repair complexity, oncologic caution [37].
Conventional Surgery Mid‑urethral sling; bulking agents [46]. Artificial urinary sphincter; male sling; bulking agents [46].
Impact on Quality of 
Life

Significant, affects social, physical, and psychological well-being. Highly significant, often leading to severe distress, social isolation, 
and impacts on body image.

Abbreviations: ADSCs = Adipose-Derived Stem Cells, MDSCs = Muscle-Derived Stem Cells, BM-MSCs = Bone Marrow-Derived Mesenchymal Stem Cells, USCs = Urine-Derived Stem 
Cells, ESCs = Embryonic Stem Cells; AUS = Artificial Urinary Sphincter, UI = urinary incontinence.
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paracrine effects, even without directly differ-
entiating into new cells. Stem cells and exo-
somes secrete a wide array of growth factors, 
cytokines, and microRNAs. These molecules 
act as messengers, stimulating the body’s own 
repair mechanisms in surrounding cells [42, 
51]. Considering the above potential benefits 
from stem cells and exosomes, efforts have 
been made to explore the stem cell and exo-
some therapy for the treatment of post-RP UI. 
The mechanism reported link benefits to para-
crine signals such as VEGF and BDNF, antioxi-
dant pathway activation, and reduced inflam-
matory markers demonstrated in Figure 2.

Stem cell-based therapies: promising horizons

Types of stem cells explored

One important question regarding stem cell 
therapy of post-RP UI is the identification of 

suitable types of stem cells. Several types of 
stem cells have been tested in various pre- 
clinical post-RP UI models. These cells include 
adipose-derived stem cells (ADSCs), muscle-
derived stem cells (MDSCs), bone marrow-
derived mesenchymal stem cells (BM-MSCs), 
induced pluripotent stem cells (iPSCs), and 
urine-derived stem cells (USCs). A comparison 
of various stem cells will be helpful for deter-
mining the optimal source(s) of stem cells for 
the treatment of post-RP UI [34, 41, 42, 52].

ADSCs also called adipose-derived mesenchy-
mal stem cells [60, 61] or adipose-derived  
stromal cells [62], are derived from fat tissue 
and are abundant and easily accessible. These 
cells were positive with sCD34 and CD44 [63]. 
These cells produced fibroblastic colonies that 
express smooth muscle cell markers, including 
alpha-smooth muscle actin, calponin, and des-
min [66]. In addition, these cells were able  

Figure 2. Multifaceted mechanism of stem cell therapy in neuro-muscular regeneration, particularly emphasizing 
its application in the urethral sphincter. Stem cells and their secreted products, Exosomes (carrying miRNAs), exert 
their therapeutic effects through several critical pathways. These include pro-angiogenic signaling (using factors like 
VEGF and FGF2) to promote new blood vessel growth, neurotrophic support (via BDNF, GDNF, and NGF) for nerve 
health, and strong anti-inflammatory and antioxidant actions (reducing fibrosis and countering oxidative stress with 
SOD and Catalase). Additionally, they have an anti-atrophic effect, preventing muscle wasting. The combined result 
of these actions is the formation of new capillaries, remyelination of nerve fibers, and ultimately Re-innervation, 
leading to tangible clinical benefits in the urethral sphincter such as myofiber regeneration, reduced fibrosis, and 
improved contractility/continence.
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to secrete cytokines associated with angio- 
genesis, including vascular endothelial growth 
factor-A, angiopoietin-2, and placental grow- 
th factor. These characteristics make ADSCs 
potentially suitable for regenerating functional 
urethral sphincter muscle [56, 57].

Muscle-derived stem cells (MDSCs) are derived 
from skeletal muscle, a very convenient and 
plentiful source. MDSCs exhibit a high myogen-
ic capacity and play an important role in muscle 
regeneration [58]. MDSCs are multipotent and 
can differentiate into various cell types, includ-
ing muscle cells. Furthermore, these cells can 
secrete various trophic factors that can pro-
mote endogenous tissue repair. Thus, MDSCs 
are particularly relevant for EUS repair [58, 59].

Bone marrow-derived mesenchymal stem cells 
(BM-MSCs) are well-characterized. These multi-
potent cells are capable of tissue repair and 
have immunomodulatory properties [60, 61]. 
The BM-MSCs are accessible because they can 
be isolated from different bone sources, and 
they can be cultivated and expanded in vitro in 
multiple cell types [62]. Therefore, BM-MSCs 
represent a promising treatment option for 
post-RP UI.

Induced pluripotent stem cells (iPSCs) were ini-
tially reported by Takahashi et al. In their break-
through study, iPSCs were generated by intro-
ducing four specific transcription factors: Oct4, 
Sox2, Klf4, and c-Myc into adult mouse fibro-
blasts [63]. These cells exhibited the morphol-
ogy and growth properties of embryonic stem 
(ES) cells and expressed marker genes for ES 
cells. The research team subsequently extend-
ed their research using human fibroblast cells 
[64]. Ectopic expression of the same set of  
four genes resulted in reprogramming of the 
fibroblasts into pluripotent stem cells. A major 
advantage of iPSCs for regenerative therapies 
is that these cells offer the potential for pa- 
tient-specific cell sources, eliminating the ethi-
cal concerns associated with embryonic stem 
cells. However, using iPSCs in regenerative 
therapy faces challenges related to potential 
tumorigenicity and controlled differentiation 
[65, 66].

Urine-derived stem cells (USCs) are a subpopu-
lation of cells from urine exhibiting progenitor 
cell features and the potential to differentiate 
into several bladder cell lineages expressing 

urothelial, smooth muscle, endothelial, and 
interstitial cell markers [67, 68]. Importantly, 
USCs maintained a normal karyotype after se- 
rial culture. An advantage of USCs is that they 
provide an alternative source for post-RP UI 
[68]. 

Preclinical progress

Stem cell-based tissue repair therapies have 
been evaluated functionally, histologically, cel-
lularly, and molecularly in numerous preclinical 
studies. These studies have consistently dem-
onstrated promising results with stem cell ther-
apies in multiple animal models relevant to UI 
and revealed multiple mechanisms by which 
stem cells can stimulate tissue repair.

Stem-cell-based therapies have improved leak 
point pressure (LPP) and continence rates. In a 
rabbit model of urinary incontinence via sphinc-
terotomy, endoscopic implantation of cultured 
autologous myoblasts (CAM) was tested as a 
therapy [69]. The leak-point pressure (LPP) was 
significantly improved in the animals receiving 
CAM implantation as compared to the control 
group, and the improvement was detected 
throughout the evaluation period. In a freeze 
injury model of post-surgical intrinsic sphincter 
deficiency-related urinary incontinence, the 
leak point pressure of autologous bone mar-
row-derived cell-implanted rabbits is signifi-
cantly higher than that of cell-free implanted 
controls [41]. In a rat model of post-RP UI, mes-
enchymal stem cell (MSC) administration also 
significantly improved urinary continence [70].

Histological analysis showed that stem cell 
therapies increased muscle fiber density, re- 
duced fibrosis, and enhanced vascularity in the 
EUS. In the rabbit model of UI via sphinctero- 
tomy, interconnected islands were formed by 
muscle fibers in the CAM-treated sphincters 
[68]. BMSC and ADSC were reported to reduce 
fibrosis and enhance angiogenesis in rodent 
models [71, 72].

The functional and morphological effects of 
stem cell therapies are associated with the 
detection of transplanted cells in the target tis-
sues and their differentiation into muscle-like 
or nerve-like cells. Stem cells are chosen for tis-
sue repair because of their ability to undergo 
multilineage differentiation and self-renewal 
[73]. Transplanted syngeneic and heterotopic 
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adipose-derived mesenchymal stem cells were 
able to survive after the injection into the rat 
sphincter [74]. In another rat model of UI,  
injected skeletal muscle-derived mononuclear 
cells (SMDMCs) were incorporated into the ure-
thra to promote histological recovery of the 
injured urethral sphincter [75]. In a rabbit mo- 
del, urine-derived stem cells (USC) exhibited 
strong proliferative potential and the capability 
to differentiate into multiple types of cells, 
including urothelial, myogenic, and osteogenic 
lineages [76]. In a mouse UI model via bilateral 
pudendal nerve transaction, non-invasive cell 
tracking confirmed nerve regeneration and 
neuromuscular junction formation in vivo, and 
the stem cell differentiation was associated 
with the expression of neuronal markers and 
acetylcholine receptor [47].

The efficacy of stem cells in tissue repair can 
be further enhanced by their upregulation of 
pro-regenerative growth factors and downregu-
lation of inflammatory markers. Administration 
of human mesenchymal adipose-derived stem 
cells repaired tissue damage through tissue-
specific paracrine mechanisms in a rat model 
mimicking radical prostatectomy [77]. These 
stem cells not only released soluble growth fac-
tors but also activated the secretome of the 
recipients. In a rat model of UI, administration 
of muscle-derived stem cells significantly low-
ered the inflammation rate as compared to the 
control group [78]. A summarization of these 
studies is illustrated in (Table 2).

Clinical translation and recent advancements 
(2024-2025)

Early-phase clinical trials have begun to explore 
the safety and potential effectiveness of stem 
cell injections. In a phase 1 clinical trial, a sin-
gle intracavernous injection of autologous adi-
pose-derived stem cells was safe in patients 
following radical prostatectomy [83]. In another 
phase I study, transurethral injection of autolo-
gous adipose-derived stem cells was demon-
strated to be safe and effective for the treat-
ment of urinary incontinence after radical 
prostatectomy [90]. Urine leakage volume was 
improved with time in all the treated patients in 
the 24-h pad test, along with subjective symp-
toms and quality of life. In a randomized, dou-
ble-blind, crossover, placebo-controlled, phase 
1/2a clinical trial, a single dose administration 
of Wharton jelly mesenchymal stromal cells 

(WJ-MSCs) in patients with chronic complete 
spinal cord injury (SCI) was safe, with no signifi-
cant side effects [41]. WJ-MSC infusion signifi-
cantly improved pinprick sensation in the der-
matomes below the level of injury compared 
with placebo. 

In addition, the treatment induced other clini-
cally relevant effects, including elevated blad-
der maximum capacity and compliance and 
reduced bladder neurogenic hyperactivity and 
external sphincter dyssynergy at the individual 
level. In two phase I/II clinical trials, the safety 
and feasibility of autologous adipose-derived 
mesenchymal stem cells (ADSCs) were tested 
in the treatment of urinary incontinence after 
radical prostatectomy in men or female stress 
urinary [85]. These two trials showed that intra-
urethral application of ADSCs is safe and feasi-
ble for the treatment of urinary incontinence 
after radical prostatectomy or in female stress 
urinary incontinence. In a recent randomized 
phase II clinical trial in 32 patients with trau-
matic complete spinal cord injury (SCI)-induced 
neurogenic bladder, including treatment and 
control arms, the combined administration of 
autologous bone marrow-derived mesenchymal 
stem cells (BMSCs) and Schwann cells (SCs)  
significantly improved the urodynamic study 
parameters, urinary incontinence rate, and 
incontinence quality of life [86]. These early 
clinical studies demonstrated the potential of 
using stem cell therapy for patients with UI.

While multiple reports suggest feasibility and  
a favorable safety profile with some improve-
ments in continence, several challenges re- 
main. The mechanism of action of stem cells 
injected into the lower urinary tract and the 
viability of the injected cells are not clear, and 
the optimal timing of stem cell therapy remains 
to be determined [87]. The following additional 
issues will need to be resolved in order to facili-
tate the development of effective stem  
cell therapy of post-RP UI [88]: (1) Cell source 
and quality control: Standardizing the isolation, 
expansion, and characterization of cells is cru-
cial to ensure consistent therapeutic potency. 
(2) Optimal cell dose and delivery method: 
Determining the ideal number of cells and the 
most effective way to deliver them (e.g., direct 
EUS injection, periurethral, intravenous) is vi- 
tal. (3) Cell survival and engraftment: Ensuring 
the long-term survival and functional integra-
tion of transplanted cells is a key hurdle. (4) 
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Table 2. Pre-clinical studies on stem cell therapy for urinary incontinence
Study Animal Model Cell Type/Source Cell Dose, Injection, and Route Key Findings/Outcomes
Yiou et al. [77] Male SD rats (MPCs) -5×106 cells/10 µL - Periurethral injection 41% restoration of sphincter function at 1 month on 

urodynamic testing
Cannon et al. 
[78] 

Female SD rats  (MDPCs) -3×106 cells/20 µL - Injected at 2 and 10 
o’clock periurethral sites 

- Fast-twitch contractions improved to 87% of nor-
mal. - Abundant new muscle fiber formation.
- Minimal inflammation.

Lim et al. [79] Female SD rats (UCBMC) - 2×106 cells/20 µL - Each side of mid-urethra - Mean LPP ↑
- Sphincter muscle restored 

Corcos et al. 
[80] 

Female SD rats (MPCs) - 0.5×106 cells/20 µL - Periurethral injection at 
3 and 9 o’clock

- Mean LPP ↑
- IF staining: MHC +/desmin + 

Eberli et al. [81] Female beagle 
dogs 

Autologous muscle 
precursor cells

-5×107 cells/mL
- 2 mL injected at multiple sphincter sites 

- Sphincter pressure restored to ~80% of normal. 
- Reinnervated muscle fibers

Raffo et al. [68] Male New  
Zealand rabbits 

Autologous myoblasts 
(CAM) 

- Myoblasts resuspended in platelet-poor 
plasma (PPP)
- Endoscopic injection to sphincter region

- Mean LPP ↑
- Histology showed: muscle fibers restoration in 
treated Gp, vs fibrosis in control Gp 

Abbreviations: SD = Sprague-Dawley, MOCs = Mesenchymal precursor cells, MDPCs = Muscle-derived progenitor cells, UCBMC = umbilical cord blood mononuclear cells, PPP = 
platelet-poor plasma, LPP = leak point pressure, Gp = Group.
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Immunogenicity: Although mesenchymal stem 
cells (MSCs) are generally considered immune-
privileged, potential immune rejection remains 
a concern for allogeneic (donor) cells. (5) Tu- 
morigenicity: A theoretical risk, particularly with 
iPSCs, requires rigorous preclinical safety eval-
uations. (6) Ethical and regulatory hurdles: 
Navigating complex ethical considerations and 
stringent regulatory pathways for cell-based 
therapies is a significant challenge.

A summarization of these studies is illustrated 
in (Table 3).

Exosome therapy: emerging opportunities

Exosomes as the “next generation” therapy

Exosomes are tiny (nanoscales, ranging from 
30 to 150 nm) extracellular vesicles secreted 
by various cells, including stem cells. They carry 
a diverse cargo of proteins, lipids, mRNA, and 
microRNAs, acting as crucial mediators of in- 
tercellular communication. These vesicles have 
regenerative, anti-fibrotic, pro-angiogenic, anti-
apoptotic, anti-inflammatory, and anti-hypoxic 
properties [44, 88]. Thus, exosomes have the 
potential to stimulate tissue regeneration, 
restore urethral function, and repair the dam-
aged nerves and muscles, therefore alleviating 
symptoms and enhancing the quality of life of 
the patients [42]. The characteristics position 
exosome therapy to become a potential new 
treatment for UI. In addition, exosomes offer 
several advantages over whole-cell therapies. 
Exosomes are less likely to trigger an immune 
response due to their cell-free nature [95]. 
Storage and transportation of exosomes are 
easier compared to live stem cells [42]. The risk 
of exosome therapy to induce tumor formation 
or uncontrolled proliferation appears to be low. 
Due to their small sizes, exosomes can cross 
biological barriers more readily [42, 94]. Fur- 
thermore, ethical concerns of exosome thera-
pies are reduced compared to those associat-
ed with stem cell therapies.

Mechanisms of action

Exosomes derived from stem cells (e.g., ADSC-
Ex, MSC-Ex) are believed to exert therapeutic 
effects through multiple mechanisms [42, 95]. 
A major mechanism is paracrine signaling. 
Exosomal delivery of pro-regenerative cargo to 
recipient cells can stimulate the body’s own 

repair mechanisms. Another mechanism is 
modulating immune responses to reduce tis-
sue damage, because of their anti-inflammato-
ry and immunomodulatory effects [42]. Exo- 
somes are known to promote angiogenesis, a 
process of new blood vessel formation, in tis-
sue repair [95]. Exosomes can exert neuropro-
tection and stimulate neurogenesis because 
they support the survival and growth of neu-
rons. Since exosomes can deliver microRNAs 
that inhibit pathways leading to scar tissue  
formation, exosomes can also reduce fibrosis 
[42, 96]. Through the above mechanisms, exo-
somes have great potential to promote tissue 
regeneration and functional recovery in 
patients with UI. 

Preclinical progress and opportunities

Preclinical studies using exosome therapy in 
cell-based and animal models of UI have shown 
promising results, including improved urethral 
sphincter function, reduced fibrosis and inflam-
mation, increased muscle content and nerve 
regeneration, and enhanced tissue viability and 
structural integrity [42]. Multiple in vitro studies 
showed that exosomes derived from adipose-
derived mesenchymal stem cells (ADSCs) can 
regulate extracellular matrix (ECM) remodeling 
via enhancing collagen expression in primary 
fibroblasts of stress urinary incontinence [54, 
96]. Since ECM remodeling is essential to the 
pathology of SUI, these exosomes may provide 
a potential therapeutic approach for SUI. In 
another study, bone marrow mesenchymal 
stem cell-derived small extracellular vesicles 
(BMMSC-sEVs) were able to promote collagen 
synthesis and improve the function of the dam-
aged urethral sphincter in a SUI rat model [96]. 
Also in rat SUI models, treatment with urine-
derived stem cell exosomes significantly 
improved the urodynamic parameters, with 
good recovery of the injured muscle tissues 
[42, 49, 97]. The preclinical findings from differ-
ent research groups provide a basis for further 
exploring exosome treatment of SUI. A summa-
rization of some preclinical cases is illustrated 
in (Table 4). 

Persistent challenges and future directions

Stem cell therapy for patients with SUI holds 
promise, but not for PPI in PCa. There is a big 
concern that implanted stem cells might stimu-
late the regrowth of residual PCa cells [98]. 
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Table 3. Clinical trial studies investigating stem cell therapy for male sphincter dysfunction

Study Cell Type No. and site of  
Injections Pat Cohort Cell Dose/Frequency Primary 

Outcome Outcomes Adverse Events

Garcia-Arranz 
et al. [41] 

Autologous 
Adipose-Derived 
MSCs

- Two sessions
- Endoscopic intraurethral 
injection

I/II, PP SUI 20×106 ASCs after 
no improvement in 3 
months 40×106

Safe and 
feasible

- LPP: NR
- Continence: 3/8 (37.5%) achieved >50% 
- Pad-test ↓.

None reported 
during 12-month 
follow-up

Gotoh et al. 
[88]

Autologous 
ADRCs

- Single session 
- Periurethral/rhabdo-
sphincter injection

Clinic-al (long-
term follow-
up), N=13 

-1×107 cells Long-
term efficacy 
and safety

- LPP: NR 
- Continence: 10/13 (76.9%) improved in 
55-72 months.
- Pad-test ↓. 

No significant 
AEs; no PSA rise

Choi et al. 
[83]

Autologous 
ADRCs

- Single session 
- Trans-urethral injection 

I, N=10 NR Safe and 
feasible

-LPP: NR
- Continence: improved in all patients
- MUCP ↑ 44.0 → 63.5 cmH2O at 12 weeks.
- Pad-test ↓.

No significant 
AEs reported

Gotoh et al. 
[89]

Autologous 
ADRCs

- Single session 
- Periurethral

Clinic-al 
study, N=11 
(male SUI)

Differ between one 
patient to another 
with a range between 
7.5×106-3.3×107

NR -LPP: NR
- Continence: 1/11 fully continent at 1 year; 
8/11 ↑
- MUCP ↑ 35.5 → 44.7 cmH2O.

No significant 
AEs reported

Yamamoto et 
al. [90]

Autologous 
ADRCs

- Single session (two in-
jections at different sites)
- Periurethral

Initial case 
report, N=3 
(male SUI)

NR Safe and 
feasible

- LPP: NR
- Continence: overall improvement
- MUCP ↑.

No significant 
AEs reported 

Yamamoto et 
al. [91]

Autologous 
ADSCs

- Single session (two in-
jections at different sites)
- Periurethral

Initial case 
report, N=2 
(male SUI)

1×107 cells Safe and 
feasible

LPP: NR; Continence: subjective improve-
ment; MUCP and functional profile length 
increased (study later retracted).

No significant 
AEs reported 

Abbreviations: ADRCs = Adipose-Derived Regenerative Cell; ADSCs = Adipose-Derived Stem Cells; MSCs = Mesenchymal Stem Cells; SUI = Stress Urinary Incontinence; LPP = Leak-Point Pressure; MUCP = 
Maximum Urethral Closing Pressure; AE(s) = Adverse Event(s); NR = Not reported; PSA = Prostate-specific antigen.

Table 4. Exosome-based therapies for sphincter dysfunction (Preclinical Studies)

Study Exosome 
Source Dose Production/Characterization Notes Animal Model & Injection 

Site Key Outcomes

Rolland et 
al. [96] 

Platelet-derived 
exosomes (PEP)

1×1012  
exosomes/ml

- Platelet additive medium (PAS III M); - 
Exosome pellets fixed for TEM imaging. 
- SP-IRIS and AFM for structural analysis.

- Female Yorkshire-cross pigs
- Peri/intrasphincter injec-
tion with collagen carrier

- Restoration of urethral sphincter function.
- ↑ urethral pressures by Day 42. 
- Muscle regeneration at sphincter site.

Wu et al. 
[84]

USC-derived 
exosomes

1×1010  
exosomes/ml 

Exosome pellets fixed for TEM. - Female SD rats 
- Injections in pubococ-
cygeus muscle

- ALPP and MBV improved. 
- Sphincter functional recovery consistent.

Abbreviations: PEP = Platelet-derived exosomes; USC(s) = Urine-derived stem cell(s); ALPP = Abdominal leak-point pressure; MBV = Maximum bladder volume; NTA = Nanoparticle 
tracking analysis; TEM = Transmission electron microscopy; SP-IRIS = Single particle interferometric reflectance imaging sensor; AFM = Atomic force microscopy; SUI = Stress uri-
nary incontinence.
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genesis [107-109]. Approaches to determining 
the ideal number of stem cells and exosomes 
for the treatment will need to be developed. 
Injection techniques will also need to be opti-
mized for precision, retention, and proper distri-
bution within the target tissue [106]. 

Immunogenicity and tumorigenicity remain con-
cerns, particularly for allogeneic cells and plu-
ripotent stem sources; exosomes may also 
carry tumor-promoting or tumor-suppressive 
signals depending on their origin [94, 110]. 
Regulatory complexity, production cost, and the 
need for large, multi-center trials represent fur-
ther barriers. Future directions may include 
combination strategies, where exosomes pro-
vide rapid effects and stem cells offer sus-
tained benefits, as well as engineering both 
products to enhance regeneration and limit 
regression of restored tissues [42, 111].

For stem cell and exosome therapies to be 
used in patients with post-RP UI, it will be nec-
essary to meet regulatory requirements and to 
have an effective commercialization plan. Strict 
regulatory pathways for cell and gene therapies 
make the development complex and lengthy. 
The high cost of stem cell and exosome produc-
tion and clinical trials can be a barrier to wide-
spread adoption. Need for large-scale, multi-
center randomized controlled trials to establish 
definitive efficacy and safety represents anoth-
er major challenge [110]. It will be essential to 
define the success metrics for stem cell and 
exosome therapies. Future studies will need to 
move beyond simply measuring pad weight to 
include patient-reported outcomes and qua- 
lity of life assessments, which is ultimately 
important. 

Conclusion

Stem cell and exosome-based therapies repre-
sent a transformative frontier in the treatment 
of urinary incontinence after radical prostatec-
tomy. Preclinical evidence strongly supports 
their potential to regenerate damaged tissues, 
modulate inflammation, and restore sphincter 
function. Early-phase clinical trials offer cau-
tious optimism. Exploration of stem cell and 
exosome-based therapies for post-RP UI will 
benefit from the knowledge gained in regenera-
tive therapies of female patients. Reciprocally, 
knowledge acquired in the development of re- 
generative therapies for post-RP UI may facili-

Exosomes, extracellular vesicles carrying pro-
teins, mRNA, and miRNA, offer several advan-
tages over whole stem cells for therapy [93, 99, 
100], including protein protection, easy cell 
membrane penetration, allogeneic compatibili-
ty, no mal-differentiation risk, and easy stor-
age. Besides urine-derived stem cells (USCs), 
USC-derived exosomes (uEx) have shown prom-
ise in promoting skeletal muscle regeneration 
and improving sphincter function in a female 
rat urinary incontinence (UI) model. However, 
while exosome therapy holds potential for SUI 
[75], its application for PPI remains uncharted. 

An optimal PPI treatment strategy would invol- 
ve minimally invasive post-operative interven-
tions to restore urethral sphincter function 
while inhibiting residual cancer cell regrowth. 
Early and effective promotion of nerve regen-
eration, inhibition of excessive fibrosis, and 
improved muscle function are critical for pre-
venting PPI by restoring NM communication. 
Furthermore, although RP achieves excellent 
results in the primary treatment of PCa, a sig-
nificant proportion (20-50%) of patients expe- 
rience biochemical recurrence after RP [101-
103], characterized by an increase in serum 
prostate-specific antigen, indicating that the 
PCa may not have been eradicated or may have 
returned. Thus, to address the risk of PCa 
recurrence, immediate blockade of pathologi-
cal angiogenesis to malignant cells after RP is 
critical. Therefore, developing optimal strate-
gies that simultaneously promote nerve regen-
eration, support muscle health, and block ab- 
normal angiogenesis is crucial for effective PPI 
treatment immediately after RP.

Despite their promise, major challenges remain. 
There are no standardized protocols for stem 
cell or exosome isolation, expansion, and char-
acterization [104, 105]. Stem cells and exo-
somes derived from different sources may 
need to be prepared differently [78]. Optimi- 
zation and standardization of isolation, expan-
sion, and characterization of stem cells and 
exosomes will be crucial for ensuring their con-
sistent potency and viability across different 
batches [106].

Optimal dosing and delivery also require defini-
tion, as insufficient doses may be ineffective, 
whereas excessive doses may cause adverse 
effects including inflammation, fibrosis, immu- 
ne reactions, infection, or theoretical tumori-
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tate stem cell and exosome therapy for female 
UTI patients.

Significant challenges remain in optimizing cell 
sources, delivery strategies, ensuring long-term 
efficacy and safety, and establishing standard-
ized manufacturing processes. Rigorous scien-
tific investigation, well-designed clinical trials, 
and close collaboration between researchers, 
clinicians, and regulatory bodies are paramount 
to translate the promise of regenerative medi-
cine into a tangible and widely accessible ther-
apeutic reality for the many men suffering from 
post-prostatectomy UI. The journey is complex, 
but the potential to profoundly improve patients’ 
quality of life provides a powerful impetus for 
continued research and innovation in this excit-
ing field.
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