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Abstract: Background: The improvement of absent or partial response in the medical treatment of
erectile dysfunction (ED) has led to the development of minimally invasive new treatment modalities
in the field of regenerative medicine. Methods: A literature review on stem cell therapy for the
treatment of ED was performed. We searched for the terms “erectile dysfunction” and “stem cell
therapy” in PubMed and Clinicaltrials.gov. Literature searching was conducted in English and
included articles from 2010 to 2022. Results: New treatment modalities for ED involving stem cell
therapy are not only conceived with a curative intent but also aim to avoid unnecessary adverse
effects. Several sources of stem cells have been described, each with unique characteristics and
potential applications, and different delivery methods have been explored. A limited number of
interventional studies over the past recent years have provided evidence of a safety profile in their
use and promising results for the treatment of ED, although there are not enough studies to generate
an appropriate protocol, dose or cell lineage, or to determine a mechanism of action. Conclusions:
Stem cell therapy is a novel treatment for ED with potential future applications. However, most
urological societies agree that further research is required to conclusively prove its potential benefit.

Keywords: erectile dysfunction (ED); stem cell therapy; mesenchymal stem cells (MSC); bone marrow-
derived stem cells (BMSC); adipose-derived stem cells; intracavernous injection (ICI)

1. Introduction

Erectile dysfunction (ED), defined as the inability to initiate or maintain an erection
satisfactory for sexual intercourse, is the most prevalent male sexual disorder [1]. An
estimated prevalence of 50% among men between the ages of 40 and 70 is generally
accepted, with almost 15% of patients reporting complete ED and the rest experiencing any
degree of ED [2]. The increase in the modifiable risk factors for ED, such as cardiovascular
disease, atherosclerosis, metabolic syndrome, diabetes mellitus or prostate cancer, has
led to an increase in its prevalence in recent years [3]. Excluding ED of psychogenic
origin, organic DE is the result of physical damage to vascular, endocrine, neurologic and
anatomical structures, all of which comprise an intricate network of structural pathways
which require the integration of signals from nerves, cavernous muscle and endothelium to
produce a penile erection [2]. A diagram of biochemical signaling at a cellular level during
erection and the pathophysiology of ED is depicted in Figure 1.
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Figure 1. Mechanism of erection and pathophysiology of erectile dysfunction.

The mechanism by which MSC exert their action is unknown. Stem cells are believed
to be capable of differentiating into various cell types, including endothelial cells, smooth
muscle cells, Schwann cells and neuron cells. The intracavernous injection of MSC might
replace the endothelial and/or cavernous smooth muscle cell damage. Other proposed
theories include the paracrine effect produced by MSC after injection, rather than cellular
differentiation. There are studies studying the use of MSC and the regulation of certain key
mediators in the mechanism of erection, including intracellular nitric oxide and calcium
concentrations. Regulation of both nitric oxide and calcium intracellularly via the action of
various transmembrane transport ionic channels is believed to be the therapeutic target of
stem cell therapy in ED; however, the exact mechanism is still unknown [4-7].

Despite the prevalence of ED, together with its clinical importance and the associated
functional and psychological burden in patients affected by this condition, recent data
suggest that its real prevalence is significantly underrated. This is particularly notable
in the younger population, mainly due to understatement of their condition, with a pre-
sumed proportion of up to 10-30% [8]. Moreover, also alarming is the low proportion of
patients diagnosed with ED and, subsequently, those actively treated, with about half of
these patients receiving medical treatment for their condition. Medical treatment for ED
comprises a broad spectrum of therapies with phosphodiesterase 5 inhibitors (PDEi) as the
most commonly used drugs due to overall efficacy and few contraindications [9].

ED refractory in medical therapy is increasingly more common nowadays due to the
advent of the modifiable risk factors previously stated. More precisely, diabetic patients and
post-prostatectomy patients represent a high proportion of these PDEi non-responders [10].
Nerve-sparing prostatectomy, despite new techniques such as robotic assisted surgery
(RARP) and noble preserving techniques, can lead to ED in up to 90% of patients undergoing
surgery for prostate cancer, as a result of direct neural damage or indirect neuropraxia [11].
Peyronie’s Disease, a chronic condition characterized by the formation of fibrous plaques
in the tunica albuginea, leading to penile deformation associated with veno-occlusive ED,
also represents a proportion of PDEi non-responders [12]. These stated conditions lead to
irreparable damage in the main physical mechanism responsible for erection; thus, it seems
credible to assume that PDEi, which exert their action via enhancing intracellular signaling,
are not effective.

During the last decade, new therapeutical modalities not only aiming at symptomatic
treatment but also with a curative intent have been approached [13,14]. Among these new
treatment modalities, shockwave therapy, platelet-rich plasma injections and stem cell therapy
(SCT) are included [15,16]. Following advances on stem cell research, it has been postulated
that stem cells could differentiate into endothelial, neural and smooth muscle cells in order
to replace damage to the tissue of penile structures associated with ED [17-19]. The in vitro
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differentiation into these cellular lines has shown promising results in a preclinical setting
in various animal models; however, the main source of their therapeutic effect seems to be
related to the paracrine effect they enhance in surrounding tissues [20].

Different sources of stem cells have been used over the years. Mesenchymal stem
cells (MSC) are a pluripotent adult stem cell population capable of both self-renewal and
differentiation into multiple cell lines and represents the most widely studied and used
cellular group for the treatment of ED [21,22]. It is the cellular line with the least ethical
considerations derived from its use and with the least oncogenic potential due to its genetic
stability compared with other cellular sources [23]. MSC can be obtained from a variety
of cellular populations present in the organism. Bone marrow-derived stem cells (BMSC),
adipose-derived stem cells (ADSC), amniotic fluid stem cells (AFSC), placental stem cells
(PSC) and urine-derived stem cells have all been used in animal or human research in the
context of ED management.

2. Materials and Methods

A literature search was performed aiming to review the most relevant available
literature on the current status of mesenchymal stem cell therapy applied to the field of ED
management. Systematic reviews, clinical trials and human studies were prioritized. In the
case of basic research review, mainly on a preclinical setting, we focused on studies with
in vivo experimentation in animal models.

A search strategy (Figure 2) was initially defined following the PRISMA statement
recommendations in the Medline database. Simultaneously, the ongoing, future and
completed clinical trials registered in ClinicalTrials.gov were identified. The following
relevant keywords (erectile disfunction) and (stem cell therapy) were used to conduct a
search in PubMed.

Records identified from:
¢ Databases =331 —) Duplicates removed
e ClinicalTrialsRegisters = 9 (n=32)
Records screened — Records excluded
(n=308) (n=228)

l

Reports sought for retrieval
(n=80)

Reports excluded:
¢ Non-English articles (n=21)
*  Articles focus on other topics (n=24)

Reports assessed for
elegibility
(n=80)

I Additional studies from selected
articles bibliographic review
(n=19)

Studies included in review I
(n=54)

Figure 2. Search strategy flow diagram.

A total of 370 results were retrieved. Two reviewers (X.P and M.G) scanned for
duplicates and selected the desired studies for further research. Only manuscripts in English
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were considered. After initial individual review, the most relevant studies prioritizing high-
level evidence were selected for final review. Additional relevant studies were included
following the previously selected works’ bibliographic review. A final review of 54 studies
was performed.

3. Results
3.1. Stem Cell Therapy for ED in the Preclinical Setting

In the year 2004, Bochinski et al. first described the potential therapeutical benefit
of neural crest-derived stem cells in a rat model with ED of neurogenic origin [24]. Since
then, a large number of studies in a preclinical setting have aimed to prove the efficacy of
stem cell therapy for the treatment of ED secondary to different etiologies: aging, diabetes
mellitus, hypertriglyceridemia, cavernous nerve injury and others. There are four published
meta-analyses which cover the available evidence in a preclinical setting to this day [25-28].

In the first work, the final analysis of the 12 included studies allowed Shan et al. to
prove the efficacy of stem cell therapy in rat models with cavernous nerve injury (CNI).
Further subgroup analysis revealed that observed effects were not associated with the
models of CNI simulated and, rather, seemed to be associated with the duration of follow-
up, stem cell source and cellular delivery method. Additionally, uncultured stem cells were
poorly effective compared with cultured stem cells [26].

In 2017, Hou et al. further reviewed the available evidence on the use of adipose-
derived stem cells (ADSC) in ED rat models other than CNI, including other etiologies
such as diabetes mellitus, smoking, radiotherapy and tunica albuginea injury. Meta-
analysis results revealed that ADSC use can regenerated damaged erectile tissues and aid
in the recovery of erectile function. Subsequent findings include a series of concomitant
substances secreted by these cells, therefore exerting a kind of paracrine effect which in
subgroup analysis significantly improved erectile function in comparison with ADSC alone.
The identified substances include neurotrophic factors such as brain derived neurotrophic
factor, vascular endothelial growth factor (VEGF) and hepatocyte growth factor. Regarding
diabetic rat models, the infusion of a large of ADSC (>1 x 10°), ADSC infusion combined
with insulin therapy and the previous hypoxic conditioning of ADSC revealed better
outcomes [27]. In line with previous research in the field, Park et al. in a meta-analysis
published in 2019 analyzed 19 studies with the aim of evaluating the effects of ADSC
in rat models with CNI-induced ED. The main findings revealed that ADSC therapy
improved erectile function based on penile hemodynamic parameters, intracavernous
pressure and mean arterial penile pressure proportion (ICP/MAP), and that ADSC were
able to regenerate damaged tissues following changes in measured levels of nitric oxide
synthase (NOS), cyclic guanosine monophosphate (cGMP) and smooth muscle-to-collagen
ratio [28].

Similar results are described in a recently published network meta-analysis by Wani
et al. aimed at evaluating the role of stem cell therapy in erectile dysfunction secondary to
cavernous nerve injury [25]. Results including 29 animal studies and three human trials
(post-RP patients) revealed a significant increase in histological and molecular parameters
of response, including nNOS, smooth muscle content and anti-apoptotic activity in rats,
and an improvement in IEEF and EHS in human studies.

Studies in a preclinical setting have not been able to elucidate the exact specific mecha-
nism by which stem cell therapy exerts its therapeutical effect. However, a paracrine effect de-
rived from their use with the secretion of growth factors with chemotactic, anti-inflammatory,
regenerative, angiogenic and antiapoptotic properties has been proposed which favors the
regeneration of damaged tissues [29-33]. Preclinical research studies have demonstrated
an improvement in the vascular function of cavernous endothelium and the suppression of
cavernous fibrosis with an increase in the proportion of smooth muscle, derived from stem
cell use [34,35]. Furthermore, the use of ADSC also leads to a neurological improvement at
the level of cavernous bodies, which is crucial for the maintenance of erectile function [36,37]
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and a reduction in apoptotic and inflammatory response levels related to increasing ED risk
factors such as diabetes mellitus or obesity [34,38].

During 2022, new preclinical studies on stem cell therapy for erectile dysfunction
have been published, and new findings on treatment response markers have been made in
several animal studies.

Feng et al. observed reduced oxidative stress levels and tissue iron content in diabetic
rats treated with UCSC with a concomitant overexpression of ferroptosis inhibitory genes
SLC7A11 and GPX4. They therefore concluded that stem cell therapy could exert part of its
therapeutical effect by attenuation of diabetic-induced ferroptisis [39]. Similarly, in another
diabetic rat model study treated with ADSC designed by Luo et al., a suppression of NLRP3-
mediated pyroptosis was observed, suggesting a possible pathogenic mechanism of ED in
DM [40]. Other treatment response markers recently proposed include TGF-f3, x-SMA and
collagen. In a preclinical study of streptozotozin-induced diabetic rats, a downregulation
of TGF-f3, collagen and «-SMA expression was observed following intraperitoneal UCSC
injection [41].

Some studies published in 2022 used modifications in stem cell preparation or co-
interventions aiming to enhance their therapeutic effect. He et al. evaluated the efficacy
of ADSC co-modified with VEGF and Smad7 in a CNI rat model [42]. Erectile function
in rats treated with co-modified ADSC was more distinctly recovered. Despite not being
the subject of the present review due to their distinct origin from MSC, Zhuang et al.
explored the effect of urine-derived stem cells (UDSC) administered in hyaluronic acid
vesicles, observing an enhanced response in diabetic rats compared with only-UDSC
administration. A similar enhanced response might be observed in modified preparations
with hyaluronic acid with other cellular lines. This also represents an advantage regarding
treatment-associated discomfort, as topical application is feasible.

3.2. Stem Cell Therapy in the Clinical Setting

Since 2010, a total number of 23 interventional studies have been registered in Clinical-
Trials.gov aiming to evaluate the safety and efficacy of stem cell therapy in the treatment
of ED, out of which 9 studies have already been completed. A summary of their main
characteristics, measured outcomes, type of intervention and results is presented in Table 1.

The main sources of stem cells for therapeutic use in humans include bone marrow-
derived stem cells (BMSC) and ADSC; nevertheless, MSCs derived from the umbilical cord
(UCSC) and placenta (PSC) have also been used. The main cell delivery method carried
out in the majority of published studies has been direct intracavernous injection. Most
of the study protocols have been designed in a similar fashion. Firstly, the isolation of
desired stem cells from bone marrow tissue or fat (adipocytes) of the patient in the case of
autologous transplantation or from a healthy donor in allogenic transplantation is required.
This process is usually followed by in vitro culture expansion of the isolated clonal cells.
Finally, the obtained product can be used in two ways, either direct injection of stem cells
into the target patient or, alternatively, the use of the stromal vascular factor (SVF), which
is further isolated from the obtained stem cells.

In the majority of studies, mainly composed of pilot phase I/II clinical trials, the main
measured outcome was the tolerability and safety profile of the overall effect on erectile function.
In a general manner, no serious adverse effects were found derived from ICI of MSCs.

3.2.1. Umbilical Cord-(UCSC) and Placenta-Derived (PSC) Stem Cells

The first human clinical trial published by Bahk et al. [43] in 2010 used, for the first
time in an experimental setting, allogenic UCSC in diabetes mellitus-derived ED. ICI with
1.5 x 107 cells was performed in seven men between the ages of 57 to 83. Most of the
patients recovered matutine spontaneous erections in the period of a month, and these
results were maintained over the period of 6 months of follow-up. Additionally, a decrease
in the levels of blood glucose after two weeks of treatment initiation was also observed,
which may explain a potential benefit of MSCs in the treatment of diabetes.
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The safety profile of the treatment was not a measured outcome in this particular study;
however, in a posterior phase I clinical trial published by Levy et al., this was thoroughly
assessed [44]. In this study, eight patients suffering from complete PDEi non-responsive
ED were followed up for 6 months. Treatment-derived adverse effects and hemodynamic
and functional results after ICI of placenta-derived stem cells (PSC) were analyzed. No
serious adverse events were noted and an improvement in mean penile arterial flow, which
was maintained at 6 months after treatment initiation, was observed.

3.2.2. Bone Marrow-Derived Stem Cells (BMSC)

Yiou et al. published a phase I/1I clinical trial (INSTIN Study) in which they included
a total number of 18 patients (12 in the first phase of the study) following radical prosta-
tectomy [45,46]. Dose-escalating ICI of BMSC were employed. Authors concluded that
a single autologous BMSC ICI was safe and effective in patients with vasculogenic ED;
further improvements in perceived erectile function and sexual satisfaction were observed
at the 6-month follow-up and were maintained over a 1-year period. The complete mean
follow-up period of 62.1 months confirmed a complete absence of treatment-derived ad-
verse effects; however, a slight worsening in erectile function was observed with respect to
results obtained in the first year following treatment. The authors additionally concluded
that further ICI may be required over time for maintenance of the therapeutic effect. In
another study, Bieri et al. confirmed the safety profile and efficacy of BMSC using a medical
device that was FDA approved for cellular delivery in a phase I clinical trial including PDEi
non-responders [47]. In the field of diabetes mellitus-derived ED, Al Demour et al. carried
out two consecutive clinical trials in diabetic patients exploring the use of autologous BMSC
and allogenic Wharton's Jelly-derived stem cells (WJSC) to treat ED. In the first trial, ICI of
BMSC was found to be safe and effective, with a significant improvement in International
Index of Erectile Function (IIEF-15) and Erection Hardness Score (EHS) questionnaires [48].
In the second, the use of two consecutive ICI of WJSC was explored for the first time in a
total sample of 22 diabetic patients with ED. Positive results regarding tolerability, safety
and efficacy measured via IIEF-15 and EHS questionnaires and duplex doppler penile
ultrasound imaging (DPE) were observed at the 12-month follow-up [49].

3.2.3. Adipose-Derived Stem Cells (ADSC)

Another of the most studied sources of MSC for ED treatment, as we previously
mentioned, is adipose tissue. ADSC are metabolically active cells with an important role in
damaged tissue revascularization, apoptosis inhibition and immunomodulatory processes.
They possess unique auto-regenerative and multipotential capabilities similar to BMSC
and, unlike the latter, they can be obtained easily and in great quantity. Additionally,
as previously exposed, they exert an important paracrine effect with the secretion of
extracellular matrix factors, a great number of cytokines and other growth factors including
VEGEF and bFGE, all of them with angiogenic and antiapoptotic properties [22]. In a small
study performed in 2015 by Garber et al., 1.5 x 107 ADSC were injected into six diabetic
patients [50]. ICI consisted of ADSC obtained after culture, not isolating the SVE. Four of
the six patients recovered spontaneous morning erections in a one-month period, with the
ability to perform sexual intercourse up to twelve months after ICI with the aid of PDEi
treatment during the last month. These results are consistent with the published results
from the Danish group led by Haahr, which demonstrated that ICI of autologous ADSC
was a safe and effective treatment in patients with ED following radical prostatectomy [51].
No adverse events were observed at the 12-month follow-up. IIEF-15 scoring results
improved significantly at 6 months following treatment, and the improvement persisted at
12 months [52]. It is important to note that this improvement was observed in patients with
a normal preoperative erectile function and urinary continence at the time of inclusion. An
ongoing phase III study by this same working group has been authorized and is currently
under production in a much larger sample of post-prostatectomy subjects.
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Table 1. Experimental studies on the treatment of ED with MSC.
Sample Latencx{;’l&n'ad Duration Effect Year of
NCT MI Study Design Design Adm./Dose Route Comorbidity Size/Follow-Up v " SAE Publica-
Improvement of (Months) .
(Months) tion
ED
g . Phase I/Pilot study. . 7
NR UC-MSCs Single blinded Single ICI/1.5 x 107 Cells Type Il DM 10(7)/9 1 11 No 2010 [43]
NR BM-MNSCs Case report Single ICI/unquantified COED 1/18 0.75 18 No 2013 [31]
NR ADSC Pilot study Single ICI/1.5 x 1()7 Cells Type Il DM 6/12 2 12 No 2015 [50]
02398370 PM-MSCs Phase I-II/Open Label Single ICI/unquantified COED 8/6 15 6 No 2016 [44]
Single ICI/2 x 10%-
Phase [ Post-RP 12/12 3 2016 [46
01089387 BM-MNSCs ase 2 % 107 Cells 08 / 6 No 016 [40]
Phases II: Single ICI/10 x 108 Cells 18/62.1 3 6 2017 [45]
. Post-RP 17/6 6 6 2016 [51]
e . 6 Cells

02240823 ADSC Phase I/Open Label Single ICI/8.4-37.2 x 10° Cells 21/12 6 12 No 2018 [52]
02945462 BM-MSCs Phase I/Open Label Two ICI/30 x 100 Cells Type Il DM 4/12-24 1 12 No 2018 [48]

- Type Il DM, AHT, -

. § § . 6 yp g g
NR AD-MSCs/PLP Open Label/Pilot study Single ICI/47 x 10° Cells DL, Peyronie D 8/3 1 3 No 2019 [53]
NR Trasnsendocardial - pooo0 Cohort 20-20047 x 106 Cells Cardiomyopathy- 36/12 3 12 No 2019 [54]
hMSC ED

Phase I/Pilot Study. . 6 . Type II DM, AHT, -
NR AD-MSCs/PLP Open Label Single IC1/47 x 10 Cells DL, Peyronie D 5/6 1 6 No 2020 [55]

Metabolic 5
NR MSC-DE/LISWT Prosp. Cohort 61CI/5mL syndrome-ED 38/3 3 No 2020 [56]
03699943 ABMC Phase I/ Dose escalation Two ICI 3-6 mL 108 Cells COED 40/12 3 6 No 2020 [47]
02945449 WJ-MSCs Phase I/Open Label Two IC1/20 x 10 Cells Type Il DM 22/12 1 12 No 2021 [49]

6
023448499 BM-MSCs Phase I/Open Label ICC‘HCeng“‘“‘ ED/30 x 10 DM/ Post-RP 10 1 12 No 2021 [57)
ells

al . . -
NR muC\S:MSCs Rand. Single-blinded Single IC1/50-60 x 100 Cells DM-ED 20/6 3 6 No 2021 [58]
NR SHED-CM Open Label/Pilot study 3-8 ICI/unquantified COED 38/8 ND ND No 2022 [59]
NR ADSC Prosp. case series Single ICI/unquantified COED 10/6 1 3 No 2022 [60]

UC-MSCs: umbilical cord-derived mesenchymal stem cells; BM-MNSCs: bone marrow-derived monuclear
cells; ADSCs: adipose-derived stem cells; PM-MSCs: placental matrix-derived mesenchymal stem cells; W]-
MSCs: jelly-derived mesenchymal stem cells; AD-MSCs: adipose-derived mesenchymal stem cells; W]-MSCs:
Jelly-derived mesenchymal cells; AD-MSCs: adipose tissue-derived mesenchymal stem cells; BM-MSCs: bone
marrow-derived mesenchymal stem cells; ABMC: Autologous Bone Marrow Concentrate; COED: Chronic
Organic Erectile Dysfunction; ICI: Intracavernous Injection. SHED-CM: human exfoliated deciduous dental
pulp stem cells; MSC-DE/LISWT: mesenchymal stem cell-derived exosomes/low-intensity shock wave therapy;
Trasnsendocardial Hmsc: transendocardial human mesenchymal stem cells; NR: No register; ND: No data.

On the other hand, Protogenau et al., in an effort to explore and replicate the potential
benefit of substances present in SVF, have come up with a technique of combined adminis-
tration with ADSC. A combination of cultured ADSC suspended in platelet-rich plasma
lysate (PLP) was administered. Obtained results were promising; treatment improved
erectile function after one-, three- and six-month follow-up without presenting negative
adverse effects [53,55].

Similar results to the recent clinical study with adipose-derived stem cells were pub-
lished by Fode et al. [60] A prospective case series of 10 men was conducted to investigate
the feasibility and safety of a new minimally invasive same-day method of autologous
adipose-derived stem cell (ADSC) transplantation using the myStem® X2 kit.

3.2.4. Other Stem Cell Sources

Most of the published studies have used stem cells derived from bone narrow and
adipose tissue, but other types of stem cells from various strains have been tested.

A retrospective study by Ory et al. analyzed the effect of stem cells with the use
of transendocardial human mesenchymal stem cells (hMSCs) injection as a treatment in
cardiomyopathy patients who experienced erectile dysfunction [54]. The hMSCs were
autologous and allogeneic with varying doses of 20, 100 and 200 million cells. This post hoc
analysis was the first to investigate the effect of SCT on erectile function using randomized,
placebo-controlled data.

The study by Zasieda et al. reported the use of mesenchymal stem cell-derived
exosomes (MSC-DE) injected intravenously once per week for six weeks, a combined
MSC-DE injection with low-intensity shock wave therapy (LISWT) twice per week, 3000
strikes and 3 Hz frequency. The IIEF score significantly increased compared to baseline
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and improved peak systolic velocity and reduced end diastolic penile velocity significantly
posttherapy [56].

In 2021, Mirzaei et al. used an intracavernous injection of stem cells isolated from the
oral mucosa in a dose of 50-60 million cells [58]. The results of this randomized clinical trial
with a control group concluded that intracavernous stem cell injection improved sexual
function and the PSV and RI indices of penile arteries in diabetic patients, with no side
effects observed.

Finally, Koga et al. [59], aiming to investigate the recovery of sexual function through
cellular regeneration of damaged vascular tissue in the corpus cavernosum, tested direct
injection of stem cells derived from the exfoliated deciduous dental pulp (SHED-CM).
The results after the treatment of 38 ED patients without prior treatment with PDE5I or
testosterone replacement therapy showed a statistically significant improvement in IIEF-5
scores after three courses of SHED-CM treatment. However, no pathological assessment
was performed to accurately judge the effects of SHED-CM on vascular endothelial cells
and its effect over follow-up. The safety of SHED-CM treatment, as well as its potential to
repair vascular damage to the corpora cavernosa, represents a potential future treatment
for patients with erectile dysfunction.

3.3. Ethical Concerns and Limitations

ED is a urological disorder with an important psychological burden for those suffering
from this condition. Well-being, self-esteem and social relationships are profoundly affected,
as sexual function is an intricate part of good individual health. Despite basic principles in
the treatment of ED that can be applied to all men, the restoration of sexual function in an
individual and their sexual partners must be considered in an individual manner. Therefore,
we must provide these patients with measured evidence and realistic expectations derived
from treatment. It is also important to take into consideration, in the specific field of issues
in sexuality, the strength of the placebo effect. It is clear that patients in the placebo arm
of studies on ED treatment usually present statistically significant improvement in their
self-perceived erectile function [61]. In single-arm published studies, this effect should be
heavily considered as a possible source of bias.

Lastly, the negative impact of these kind of therapies in the so-called predatory health-
related tourism needs to be highlighted. Stem cell therapy for ED should only be consid-
ered in an experimental setting. Despite multiple warnings from the European Medicines
Agency (EMA) and the Food and Drug Administration (FDA), this type of tourism grows
exponentially over time [62]. As we previously mentioned, treatment results in the field of
ED are rather subjective; thus, these practices are easier to perform on a tremendously influ-
ential and desperate patient population leading to unevidenced, lucrative and potentially
dangerous interventions [63].

4. Discussion

In a general manner, interventional studies on the treatment of ED with stem cell
therapy have shown promising results with observed improvements in erectile function.
These improvements may be measured as hemodynamic parameters (mean penile arterial
flow) or via sexual function questionnaires (IIEF-15 or EHS). Even though most of the
studies support the safety profile and treatment efficacy of ICI of MSC, the available studies
are difficult to standardize. Evidence to this day mainly consists of small, open-label, single-
arm trials in which the MSC of different sources has been employed, with significantly
distinct study protocols. Therefore, it is difficult to establish conclusive remarks without
the existence of more conclusive and homogenized data on the matter. In response, most
of the studies conclude with the idea that further research on stem cell therapy for ED
is required in order to establish as a contrasted treatment modality for these patients in
everyday practice.

Stem cell therapy is an experimental treatment modality. Due to its experimental
nature, there is a lack of use and manufacturing standardization, leading to possible differ-
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ences between stem cell processing laboratories. Diversity may lead to inconsistent and
variable responses, as well as poor replicability in the experimental setting. Efforts should
be made to optimize of MSC manufacturing and processing, establish quality standards
and promote legislative measures for a better outcome and homogeneity. In an effort
to provide a guide for better and homogeneous manufacturing of therapeutical cellular
products focusing on MSCs, a recent review has been published [64]. Authors propose
four critical steps in MSC manufacturing for their application as therapeutical products.
These four steps include: adequate donor selection, harvesting—isolation—expansion of
MSCs, storage—distribution related issues and cell handling. Regarding donor selection,
both the tissue of origin and the donor person should be considered. The use of possible
of autologous MSCs should be considered; however, if donor cells are used, they should
undergo certain quality check controls prior to their use. Active or latent infection in the
donor cells should be ruled out [65]. Additionally, a particular cell product could possess
optimal characteristics for one indication but insufficient for another. Different approaches
have been made in order to match different cellular lines with potential indications ac-
cording to some of their properties, such as proliferative and differentiation capacity or
secretory function in relation to specific conditions and donor-receptor characteristics.
MSCs’ isolation and expansion standards include adequate source selection, the choice for
the best and less morbid collection technique and optimal culture conditions for expansion
following well-defined standard operating procedures (SOPs) that need consecutively
approved validations. On the other hand, the use of cell banks guarantees available tissue
without the need for new biopsies, and cryopreservation improves the quality of storage
and distribution. Adequate cell handling involves selecting the optimal administration
route according to the specific type of cellular line used and establishing certain regulations
with the aid of Hospital Pharmacy Department or Cell Therapy Area if available.

Another important aspect regarding the treatment of ED is the increasing economic
cost it represents for Public Health Services, which exponentially grows as more treatment
modalities are used due to previous treatment failure [66]. Thus, it is important to search
for new treatment strategies that not only symptomatically treat but also “cure” a patho-
logical condition. In this sense, further research is required to consider MSC a standard
treatment for ED, as preliminary data reflect this curative nature associated with their use.
If feasible, integration into Public Health Services as an option of treatment will reflect an
enormous economic impact, as well as assuring well-being and added safety for the general
population, avoiding predatory and potentially dangerous practices once it is regularized
and practiced in licensed centers.

Large-scale human multicenter studies evaluating the efficacy of stem cell therapy in
ED, ensuring adequate statistical power, are required to establish definitive conclusions.
There is a large number of basic research published on the matter, in vitro and in vivo
animal models; however, human research is lacking. Due to the potential bias derived from
the placebo effect in research involving self-perceived improvements in sexual function,
larger and comparative studies are needed. Intervention groups should be compared not
only against placebo but should also include treatment modalities already established in
clinical guidelines to elucidate the real therapeutical effect. Further comparisons between
different stem cell therapy modalities, such as cellular and cell-free (SVF) are also required.

5. Conclusions

Stem cell therapy for the treatment of ED represents a promising potential therapy.
However, conclusive high-level evidence is lacking, and these types of interventions should
only be considered in an experimental setting. Results from basic research and animal
models are impressive, but more human research is required in order for it to be included
as an option for the treatment of ED.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.



Life 2023, 13, 502 10 of 12

Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. NIH Consensus Conference. Impotence. NIH Consensus Development Panel on Impotence. JAMA 1993, 270, 83-90. [CrossRef]

2. Lewis, RW,; Fugl-Meyer, K.S.; Corona, G.; Hayes, R.D.; Laumann, E.O.; Moreira, E.D.; Rellini, A.H.; Segraves, T. Defini-
tions/Epidemiology /Risk Factors for Sexual Dysfunction. J. Sex. Med. 2010, 7, 1598-1607. [CrossRef] [PubMed]

3. Jackson, G. The Importance of Risk Factor Reduction in Erectile Dysfunction. Curr. Urol. Rep. 2007, 8, 463-466. [CrossRef]

4. Sattayaprasert, P.; Nassal, D.M.; Wan, X.; Deschenes, I.; Laurita, K.R. Mesenchymal Stem Cells Suppress Cardiac Alternans by
Activation of PI3K Mediated Nitroso-Redox Pathway. J. Mol. Cell. Cardiol. 2016, 98, 138-145. [CrossRef] [PubMed]

5. Song, J.; Sun, T.; Tang, Z.; Ruan, Y,; Liu, K,; Rao, K.; Lan, R.; Wang, S.; Wang, T.; Liu, ]. Exosomes Derived from Smooth Muscle
Cells Ameliorate Diabetes-induced Erectile Dysfunction by Inhibiting Fibrosis and Modulating the NO/CGMP Pathway. J. Cell.
Mol. Med. 2020, 24, 13289-13302. [CrossRef] [PubMed]

6. Liu, Y; Zhao, S.; Luo, L.; Wang, ].; Zhu, Z.; Xiang, Q.; Deng, Y.; Zhao, Z. Mesenchymal Stem Cell-derived Exosomes Ameliorate
Erection by Reducing Oxidative Stress Damage of Corpus Cavernosum in a Rat Model of Artery Injury. J. Cell. Mol. Med. 2019, 23,
7462-7473. [CrossRef]

7. Ryu,];Kim, D.; Song, KM.; Yi, T.; Suh, ].; Song, S.U. Intracavernous Delivery of Clonal Mesenchymal Stem Cells Restores Erectile
Function in a Mouse Model of Cavernous Nerve Injury. J. Sex. Med. 2014, 11, 411-423. [CrossRef] [PubMed]

8.  Martin-Morales, A.; Sanchez-Cruz, ].J.; Saenz de Tejada, I.; Rodriguez-Vela, L.; Jimenez-Cruz, ].F.; Burgos-Rodriguez, R. Prevalence
and Independent Risk Factors for Erectile Dysfunction in Spain: Results of the Epidemiologia de La Disfuncion Erectil Masculina
Study. J. Urol. 2001, 166, 569-574; discussion 574-575. [CrossRef]

9.  Palit, V,; Eardley, I. An Update on New Oral PDES5 Inhibitors for the Treatment of Erectile Dysfunction. Nat. Rev. Urol. 2010, 7,
603-609. [CrossRef]

10. Goldstein, I.; Goren, A.; Li, VW,; Tang, W.Y.; Hassan, T.A. Epidemiology Update of Erectile Dysfunction in Eight Countries with
High Burden. Sex. Med. Rev. 2020, 8, 48-58. [CrossRef]

11. Magheli, A.; Burnett, A.L. Erectile Dysfunction Following Prostatectomy: Prevention and Treatment. Nat. Rev. Urol. 2009, 6,
415-427. [CrossRef] [PubMed]

12.  Hellstrom, W.; Wang, G. Powers Current and Emerging Treatment Options for Peyronie’s Disease. RRU 2013, 5, 17. [CrossRef]
[PubMed]

13. Decaluwé, K.; Pauwels, B.; Boydens, C.; Van de Voorde, J. Treatment of Erectile Dysfunction: New Targets and Strategies from
Recent Research. Pharmacol. Biochem. Behav. 2014, 121, 146-157. [CrossRef] [PubMed]

14. Peak, T.C.; Anaissie, J.; Hellstrom, W.].G. Current Perspectives on Stem Cell Therapy for Erectile Dysfunction. Sex. Med. Rev.
2016, 4, 247-256. [CrossRef] [PubMed]

15. Patel, D.P; Pastuszak, A.W.; Hotaling, ]. M. Emerging Treatments for Erectile Dysfunction: A Review of Novel, Non-Surgical
Options. Curr. Urol. Rep. 2019, 20, 44. [CrossRef]

16. Soebadi, M.A.; Milenkovic, U.; Weyne, E.; Castiglione, F.; Albersen, M. Stem Cells in Male Sexual Dysfunction: Are We Getting
Somewhere? Sex. Med. Rev. 2017, 5, 222-235. [CrossRef]

17.  Chung, E. A Review of Current and Emerging Therapeutic Options for Erectile Dysfunction. Med. Sci. 2019, 7, 91. [CrossRef]

18. Strong, T.D.; Gebska, M.A.; Champion, H.C.; Burnett, A.L.; Bivalacqua, T.J. Stem and Endothelial Progenitor Cells in Erection
Biology. Int. J. Impot. Res. 2008, 20, 243-254. [CrossRef]

19. Valencia Mora, M.; Antufia Antufia, S.; Garcia Arranz, M.; Carrascal, M.T.; Barco, R. Application of Adipose Tissue-Derived Stem
Cells in a Rat Rotator Cuff Repair Model. Injury 2014, 45 (Suppl. S4), S22-527. [CrossRef]

20. Albersen, M.; Lin, C.-S.; Lue, T. Stem-Cell Therapy for Erectile Dysfunction. Arab. J. Urol. 2013, 11, 237-244. [CrossRef]

21. Zhang, H.; Albersen, M,; Jin, X.; Lin, G. Stem Cells: Novel Players in the Treatment of Erectile Dysfunction. Asian. |. Androl. 2012,
14, 145-155. [CrossRef]

22. Lin, G; Banie, L.; Ning, H.; Bella, A J; Lin, C.-S.; Lue, T.F. Potential of Adipose-Derived Stem Cells for Treatment of Erectile
Dysfunction. J. Sex. Med. 2009, 6 (Suppl. S3), 320-327. [CrossRef]

23. Wagers, A.].; Weissman, L.L. Plasticity of Adult Stem Cells. Cell 2004, 116, 639-648. [CrossRef]

24. Bochinski, D.; Lin, G.T.; Nunes, L.; Carrion, R.; Rahman, N.; Lin, C.S.; Lue, T.F. The Effect of Neural Embryonic Stem Cell Therapy
in a Rat Model of Cavernosal Nerve Injury. BJU Int. 2004, 94, 904-909. [CrossRef]

25. Wani, M.M.; Rai, B.P.; Webb, W.R.; Madaan, S. Is There a Role for Stem Cell Therapy in Erectile Dysfunction Secondary
to Cavernous Nerve Injury? Network Meta-Analysis from Animal Studies and Human Trials. Ther. Adv. Urol. 2022, 14,
175628722210869. [CrossRef]

26. Shan, H.; Chen, F; Zhang, T.; He, S.; Xu, L.; Wei, A. Stem Cell Therapy for Erectile Dysfunction of Cavernous Nerve Injury Rats:

A Systematic Review and Meta-Analysis. PLoS ONE 2015, 10, e0121428. [CrossRef]


http://doi.org/10.1001/jama.1993.03510010089036
http://doi.org/10.1111/j.1743-6109.2010.01778.x
http://www.ncbi.nlm.nih.gov/pubmed/20388160
http://doi.org/10.1007/s11934-007-0049-x
http://doi.org/10.1016/j.yjmcc.2016.05.014
http://www.ncbi.nlm.nih.gov/pubmed/27238412
http://doi.org/10.1111/jcmm.15946
http://www.ncbi.nlm.nih.gov/pubmed/33009701
http://doi.org/10.1111/jcmm.14615
http://doi.org/10.1111/jsm.12380
http://www.ncbi.nlm.nih.gov/pubmed/24251583
http://doi.org/10.1016/S0022-5347(05)65986-1
http://doi.org/10.1038/nrurol.2010.165
http://doi.org/10.1016/j.sxmr.2019.06.008
http://doi.org/10.1038/nrurol.2009.126
http://www.ncbi.nlm.nih.gov/pubmed/19657376
http://doi.org/10.2147/RRU.S24609
http://www.ncbi.nlm.nih.gov/pubmed/24400231
http://doi.org/10.1016/j.pbb.2013.11.024
http://www.ncbi.nlm.nih.gov/pubmed/24291648
http://doi.org/10.1016/j.sxmr.2016.02.003
http://www.ncbi.nlm.nih.gov/pubmed/27871958
http://doi.org/10.1007/s11934-019-0908-2
http://doi.org/10.1016/j.sxmr.2016.11.002
http://doi.org/10.3390/medsci7090091
http://doi.org/10.1038/sj.ijir.3901635
http://doi.org/10.1016/S0020-1383(14)70006-3
http://doi.org/10.1016/j.aju.2013.05.005
http://doi.org/10.1038/aja.2011.79
http://doi.org/10.1111/j.1743-6109.2008.01190.x
http://doi.org/10.1016/S0092-8674(04)00208-9
http://doi.org/10.1111/j.1464-410X.2003.05057.x
http://doi.org/10.1177/17562872221086999
http://doi.org/10.1371/journal.pone.0121428

Life 2023, 13, 502 11 0f12

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Hou, Q.-L.; Ge, M.-Y.; Zhang, C.; Tian, D.-D.; Wang, L.-K; Tian, H.-Z.; Wang, W.-H.; Zhang, W.-D. Adipose Tissue-Derived Stem
Cell Therapy for Erectile Dysfunction in Rats: A Systematic Review and Meta-Analysis. Int. Urol. Nephrol. 2017, 49, 1127-1137.
[CrossRef] [PubMed]

Park, HJ.; Jeong, H.; Park, YH.; Yim, HW.; Ha, U.-S.; Hong, S.-H.; Kim, SW.; Kim, N.J.; Lee, J.Y. Adipose Tissue-Derived
Stem Cell Therapy for Cavernous Nerve Injury-Induced Erectile Dysfunction in the Rat Model: A Systematic Review and
Meta-Analysis Using Methodological Quality Assessment. Int. ]. Stem. Cells 2019, 12, 206-217. [CrossRef] [PubMed]

Zhang, H.-Y;; Jin, X.-B.; Lue, T.F. Three Important Components in the Regeneration of the Cavernous Nerve: Brain-Derived
Neurotrophic Factor, Vascular Endothelial Growth Factor and the JAK/STAT Signaling Pathway. Asian J. Androl. 2011, 13, 231-235.
[CrossRef] [PubMed]

Albersen, M.; Kendirci, M.; Van der Aa, F.; Hellstrom, W.J.G.; Lue, T.E; Spees, ].L. Multipotent Stromal Cell Therapy for Cavernous
Nerve Injury-Induced Erectile Dysfunction. J. Sex. Med. 2012, 9, 385—403. [CrossRef]

Ichim, T.E.; Warbington, T.; Cristea, O.; Chin, J.L.; Patel, A.N. Intracavernous Administration of Bone Marrow Mononuclear Cells:
A New Method of Treating Erectile Dysfunction? J. Transl. Med. 2013, 11, 139. [CrossRef] [PubMed]

Kim, S5.-O.; Lee, H.-S.; Ahn, K,; Park, K. COMP-Angiopoietin-1 Promotes Cavernous Angiogenesis in a Type 2 Diabetic Rat Model.
J. Korean Med. Sci. 2013, 28, 725-730. [CrossRef] [PubMed]

Nishimatsu, H.; Suzuki, E.; Kumano, S.; Nomiya, A.; Liu, M.; Kume, H.; Homma, Y. Adrenomedullin Mediates Adipose
Tissue-Derived Stem Cell-Induced Restoration of Erectile Function in Diabetic Rats. J. Sex. Med. 2012, 9, 482-493. [CrossRef]
Zhou, F; Hui, Y.; Xu, Y;; Lei, H.; Yang, B.; Guan, R.; Gao, Z.; Xin, Z.; Hou, J. Effects of Adipose-Derived Stem Cells plus Insulin on
Erectile Function in Streptozotocin-Induced Diabetic Rats. Int. Urol. Nephrol. 2016, 48, 657-669. [CrossRef]

Yan, H.; Rong, L.; Xiao, D.; Zhang, M.; Sheikh, S.P.; Sui, X.; Lu, M. Injectable and Self-Healing Hydrogel as a Stem Cells Carrier
for Treatment of Diabetic Erectile Dysfunction. Mater. Sci. Eng. C Mater. Biol. Appl. 2020, 116, 111214. [CrossRef]

Lu, J; Xin, Z; Zhang, Q.; Cui, D.; Xiao, Y.; Zhuo, J.; Sun, F; Xia, S.; Shao, Y. Beneficial Effect of PEDF-Transfected ADSCs on
Erectile Dysfunction in a Streptozotocin-Diabetic Rat Model. Cell. Tissue Res. 2016, 366, 623-637. [CrossRef] [PubMed]

Yang, J.; Zhang, Y.; Zang, G.; Wang, T.; Yu, Z.; Wang, S.; Tang, Z.; Liu, J]. Adipose-Derived Stem Cells Improve Erectile Function
Partially through the Secretion of IGF-1, BFGF, and VEGF in Aged Rats. Andrology 2018, 6, 498-509. [CrossRef] [PubMed]
Garcia, M.M.; Fandel, T.M.; Lin, G.; Shindel, A.W,; Banie, L.; Lin, C.-S.; Lue, T.F. Treatment of Erectile Dysfunction in the Obese
Type 2 Diabetic ZDF Rat with Adipose Tissue-Derived Stem Cells. J. Sex. Med. 2010, 7, 89-98. [CrossRef]

Feng, H.; Liu, Q.; Deng, Z.; Li, H.; Zhang, H.; Song, J.; Liu, X; Liu, J.; Wen, B.; Wang, T. Human Umbilical Cord Mesenchymal
Stem Cells Ameliorate Erectile Dysfunction in Rats with Diabetes Mellitus through the Attenuation of Ferroptosis. Stem. Cell. Res.
Ther. 2022, 13, 450. [CrossRef]

Luo, C,; Peng, Y.; Zhou, X,; Fan, ].; Chen, W.; Zhang, H.; Wei, A. NLRP3 Downregulation Enhances Engraftment and Functionality
of Adipose-Derived Stem Cells to Alleviate Erectile Dysfunction in Diabetic Rats. Front. Endocrinol. 2022, 13, 913296. [CrossRef]
Mukti, A ; Ilyas, S.; Warli, S.; Putra, A.; Rasyid, N.; Munir, D.; Siregar, K.; Ichwan, M. Umbilical Cord-Derived Mesenchymal Stem
Cells Improve TGF-f3, x-SMA and Collagen on Erectile Dysfunction in Streptozotocin-Induced Diabetic Rats. Med. Arch. 2022,
76, 4. [CrossRef]

He, L; Yu, T,; Xiao, Y,; Huang, Y.; Guan, Y.; Zhao, F.; Ma, L. Co-Overexpression of VEGF and Smad? Improved the Therapeutic
Effects of Adipose-Derived Stem Cells on Neurogenic Erectile Dysfunction in the Rat Model. Andrologia 2022, 54, e1453. [CrossRef]
Bahk, ].Y;; Jung, ].H.; Han, H.; Min, SK,; Lee, Y.S. Treatment of Diabetic Impotence with Umbilical Cord Blood Stem Cell
Intracavernosal Transplant: Preliminary Report of 7 Cases. Exp. Clin. Transpl. 2010, 8, 150-160.

Levy, J.A.; Marchand, M.; Iorio, L.; Cassini, W.; Zahalsky, M.P. Determining the Feasibility of Managing Erectile Dysfunction in
Humans With Placental-Derived Stem Cells. ]. Am. Osteopath. Assoc. 2016, 116, el-e5. [CrossRef] [PubMed]

Yiou, R.; Hamidou, L.; Birebent, B.; Bitari, D.; Le Corvoisier, P.; Contremoulins, I.; Rodriguez, A.-M.; Augustin, D.; Roudot-
Thoraval, F,; de la Taille, A.; et al. Intracavernous Injections of Bone Marrow Mononucleated Cells for Postradical Prostatectomy
Erectile Dysfunction: Final Results of the INSTIN Clinical Trial. Eur. Urol. Focus 2017, 3, 643-645. [CrossRef]

Yiou, R.; Hamidou, L.; Birebent, B.; Bitari, D.; Lecorvoisier, P.; Contremoulins, I.; Khodari, M.; Rodriguez, A.-M.; Augustin, D;
Roudot-Thoraval, F; et al. Safety of Intracavernous Bone Marrow-Mononuclear Cells for Postradical Prostatectomy Erectile
Dysfunction: An Open Dose-Escalation Pilot Study. Eur. Urol. 2016, 69, 988-991. [CrossRef]

Bieri, M.; Said, E.; Antonini, G.; Dickerson, D.; Tuma, J.; Bartlett, C.E.; Patel, A.N.; Gershman, A. Phase I and Registry Study of
Autologous Bone Marrow Concentrate Evaluated in PDES5 Inhibitor Refractory Erectile Dysfunction. J. Transl. Med. 2020, 18, 24.
[CrossRef] [PubMed]

Al Demour, S.; Jafar, H.; Adwan, S.; AlSharif, A.; Alhawari, H.; Alrabadi, A.; Zayed, A.; Jaradat, A.; Awidi, A. Safety and Potential
Therapeutic Effect of Two Intracavernous Autologous Bone Marrow Derived Mesenchymal Stem Cells Injections in Diabetic
Patients with Erectile Dysfunction: An Open Label Phase I Clinical Trial. Urol. Int. 2018, 101, 358-365. [CrossRef] [PubMed]

Al Demour, S.; Adwan, S.; Jafar, H.; Rahmeh, R.; Alhawari, H.; Awidi, A. Safety and Efficacy of 2 Intracavernous Injections of
Allogeneic Wharton's Jelly-Derived Mesenchymal Stem Cells in Diabetic Patients with Erectile Dysfunction: Phase 1/2 Clinical
Trial. Urol. Int. 2021, 105, 935-943. [CrossRef]

Garber, M.G.; Carlos, N.D. Intracavernous Administration of Adipose Stem Cells: A New Technique of Treating Erectile
Dysfunction in Diabetic Patient, Preliminary Report of 6 Cases. MOJ Cell. Sci. Rep. 2015, 2, 00018.


http://doi.org/10.1007/s11255-017-1590-2
http://www.ncbi.nlm.nih.gov/pubmed/28417342
http://doi.org/10.15283/ijsc18122
http://www.ncbi.nlm.nih.gov/pubmed/31022999
http://doi.org/10.1038/aja.2010.162
http://www.ncbi.nlm.nih.gov/pubmed/21170078
http://doi.org/10.1111/j.1743-6109.2011.02556.x
http://doi.org/10.1186/1479-5876-11-139
http://www.ncbi.nlm.nih.gov/pubmed/23758954
http://doi.org/10.3346/jkms.2013.28.5.725
http://www.ncbi.nlm.nih.gov/pubmed/23678264
http://doi.org/10.1111/j.1743-6109.2011.02469.x
http://doi.org/10.1007/s11255-016-1221-3
http://doi.org/10.1016/j.msec.2020.111214
http://doi.org/10.1007/s00441-016-2494-7
http://www.ncbi.nlm.nih.gov/pubmed/27655233
http://doi.org/10.1111/andr.12483
http://www.ncbi.nlm.nih.gov/pubmed/29603682
http://doi.org/10.1111/j.1743-6109.2009.01541.x
http://doi.org/10.1186/s13287-022-03147-w
http://doi.org/10.3389/fendo.2022.913296
http://doi.org/10.5455/medarh.2022.76.4-11
http://doi.org/10.1111/and.14538
http://doi.org/10.7556/jaoa.2016.007
http://www.ncbi.nlm.nih.gov/pubmed/26745574
http://doi.org/10.1016/j.euf.2017.06.009
http://doi.org/10.1016/j.eururo.2015.09.026
http://doi.org/10.1186/s12967-019-02195-w
http://www.ncbi.nlm.nih.gov/pubmed/31937310
http://doi.org/10.1159/000492120
http://www.ncbi.nlm.nih.gov/pubmed/30173210
http://doi.org/10.1159/000517364

Life 2023, 13, 502 12 0of 12

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Haahr, M.K,; Jensen, C.H.; Toyserkani, N.M.; Andersen, D.C.; Damkier, P.; Serensen, J.A.; Lund, L.; Sheikh, S.P. Safety and
Potential Effect of a Single Intracavernous Injection of Autologous Adipose-Derived Regenerative Cells in Patients with Erectile
Dysfunction Following Radical Prostatectomy: An Open-Label Phase I Clinical Trial. EBioMedicine 2016, 5, 204-210. [CrossRef]
Haahr, M.K.; Harken Jensen, C.; Toyserkani, N.M.; Andersen, D.C.; Damkier, P.; Serensen, J.A.; Sheikh, S.P,; Lund, L. A 12-Month
Follow-up after a Single Intracavernous Injection of Autologous Adipose-Derived Regenerative Cells in Patients with Erectile
Dysfunction Following Radical Prostatectomy: An Open-Label Phase I Clinical Trial. Urology 2018, 121, 203.e6-203.e13. [CrossRef]
Protogerou, V.; Michalopoulos, E.; Mallis, P.; Gontika, I.; Dimou, Z.; Liakouras, C.; Stavropoulos-Giokas, C.; Kostakopoulos,
N.; Chrisofos, M.; Deliveliotis, C. Administration of Adipose Derived Mesenchymal Stem Cells and Platelet Lysate in Erectile
Dysfunction: A Single Center Pilot Study. Bioengineering 2019, 6, 21. [CrossRef]

Ory, J.; Saltzman, R.G.; Blachman-Braun, R.; Dadoun, S.; DiFede, D.L.; Premer, C.; Hurwitz, B.; Hare, ].M.; Ramasamy, R. The
Effect of Transendocardial Stem Cell Injection on Erectile Function in Men With Cardiomyopathy: Results From the TRIDENT,
POSEIDON, and TAC-HFT Trials. J. Sex. Med. 2020, 17, 695-701. [CrossRef] [PubMed]

Protogerou, V.; Beshari, S.E.; Michalopoulos, E.; Mallis, P.; Chrysikos, D.; Samolis, A.A.; Stavropoulos-Giokas, C.; Troupis, T.
The Combined Use of Stem Cells and Platelet Lysate Plasma for the Treatment of Erectile Dysfunction: A Pilot Study-6 Months
Results. Medicines 2020, 7, 14. [CrossRef] [PubMed]

Zasieda, Y. Erectile dysfunction treatment with combination of mesenchymal stem cell derived exosomes and focused low-
intensive shock wave therapy. Men’s Health Gend. Psychosom. Med. 2020, 70-78. [CrossRef]

You, D.; Jang, M.].; Song, G.; Shin, H.C.; Suh, N.; Kim, YM.; Ahn, T.Y,; Kim, C.-S. Safety of Autologous Bone Marrow-Derived
Mesenchymal Stem Cells in Erectile Dysfunction: An Open-Label Phase 1 Clinical Trial. Cytotherapy 2021, 23, 931-938. [CrossRef]
Mirzaei, M.; Bagherinasabsarab, M.; Pakmanesh, H.; Mohammadi, R.; Teimourian, M.; Jahani, Y.; Farsinejad, A. The Effect of
Intracavernosal Injection of Stem Cell in the Treatment of Erectile Dysfunction in Diabetic Patients: A Randomized Single-Blinded
Clinical Trial. Urol. J. 2021, 18, 675-681. [CrossRef]

Koga, S.; Horiguchi, Y. Efficacy of a Cultured Conditioned Medium of Exfoliated Deciduous Dental Pulp Stem Cells in Erectile
Dysfunction Patients. J. Cell. Mol. Med. 2022, 26, 195-201. [CrossRef] [PubMed]

Fode, M.; Nadler, N.; Lund, L.; Azawi, N. Feasibility of Minimally Invasive, Same-Day Injection of Autologous Adipose-Derived
Stem Cells in the Treatment of Erectile Dysfunction. Scand. J. Urol. 2022, 1-5. [CrossRef] [PubMed]

Matz, E.L.; Terlecki, R.P. Stem Cell and Gene-Based Therapy for Erectile Dysfunction: Current Status and Future Needs. Urol.
Clin. N. Am. 2021, 48, 611-619. [CrossRef] [PubMed]

Ahmed, M.; Sudi, A ; Bello, A.; Lawal, A.T.; Awaisu, M.; Maitama, H.Y. Managing the Sequelae of Urology Medical Tourism: A
Single Center Experience. Niger. Postgrad. Med. |. 2018, 25, 117-120. [CrossRef] [PubMed]

Marketing Used by Men’s Health Clinics Is Cause for Concern. Available online: https://www.urologytimes.com/view/
marketing-used-mens-health-clinics-cause-concern (accessed on 11 November 2022).

Fernandez-Santos, M.E.; Garcia-Arranz, M.; Andreu, E.J.; Garcia-Hernandez, A.M.; Lépez-Parra, M.; Villarén, E.; Sepulveda,
P,; Fernandez-Avilés, F.; Garcia-Olmo, D.; Prosper, E; et al. Optimization of Mesenchymal Stromal Cell (MSC) Manufacturing
Processes for a Better Therapeutic Outcome. Front. Immunol. 2022, 13, 918565. [CrossRef] [PubMed]

Georgiev-Hristov, T.; Garcia-Arranz, M.; Trébol-Lopez, ].; Barba-Recreo, P.; Garcia-Olmo, D. Searching for the Optimal Donor for
Allogenic Adipose-Derived Stem Cells: A Comprehensive Review. Pharmaceutics 2022, 14, 2338. [CrossRef]

Rezaee, M.E.; Ward, C.E.; Brandes, E.R.; Munarriz, RM.; Gross, M.S. A Review of Economic Evaluations of Erectile Dysfunction
Therapies. Sex. Med. Rev. 2020, 8, 497-503. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/j.ebiom.2016.01.024
http://doi.org/10.1016/j.urology.2018.06.018
http://doi.org/10.3390/bioengineering6010021
http://doi.org/10.1016/j.jsxm.2020.01.003
http://www.ncbi.nlm.nih.gov/pubmed/32059936
http://doi.org/10.3390/medicines7030014
http://www.ncbi.nlm.nih.gov/pubmed/32197323
http://doi.org/10.37321/UJMH.2020.1-2-08
http://doi.org/10.1016/j.jcyt.2021.06.001
http://doi.org/10.22037/uj.v18i.6503
http://doi.org/10.1111/jcmm.17072
http://www.ncbi.nlm.nih.gov/pubmed/34845823
http://doi.org/10.1080/21681805.2022.2162117
http://www.ncbi.nlm.nih.gov/pubmed/36586416
http://doi.org/10.1016/j.ucl.2021.06.014
http://www.ncbi.nlm.nih.gov/pubmed/34602180
http://doi.org/10.4103/npmj.npmj_54_18
http://www.ncbi.nlm.nih.gov/pubmed/30027924
https://www.urologytimes.com/view/marketing-used-mens-health-clinics-cause-concern
https://www.urologytimes.com/view/marketing-used-mens-health-clinics-cause-concern
http://doi.org/10.3389/fimmu.2022.918565
http://www.ncbi.nlm.nih.gov/pubmed/35812460
http://doi.org/10.3390/pharmaceutics14112338
http://doi.org/10.1016/j.sxmr.2019.06.001

	Introduction 
	Materials and Methods 
	Results 
	Stem Cell Therapy for ED in the Preclinical Setting 
	Stem Cell Therapy in the Clinical Setting 
	Umbilical Cord-(UCSC) and Placenta-Derived (PSC) Stem Cells 
	Bone Marrow-Derived Stem Cells (BMSC) 
	Adipose-Derived Stem Cells (ADSC) 
	Other Stem Cell Sources 

	Ethical Concerns and Limitations 

	Discussion 
	Conclusions 
	References

