
Stem Cells in Male Sexual Dysfunction: Are We Getting Somewhere?
Mohammad Ayodhia Soebadi, MD,1,2 Uros Milenkovic, MD,1 Emmanuel Weyne, MD,1 Fabio Castiglione, MD,1 and
Maarten Albersen, MD, PhD1
ABSTRACT
Received Se
1Laboratory
Regeneratio
2Departmen
Dr Soetom

Copyright ª
Elsevier Inc
http://dx.do

Sex Med R
Introduction: Stem cells for sexual disorders are steadily being introduced into clinical trials. Two conditions of
importance are the main target for this line of treatment, especially when regarding the wide array of translational
and basic science highlighting the potential advantages of regenerative therapy: erectile dysfunction (ED) and
more recently Peyronie disease (PD). Cellular therapy offers a treatment modality that might reverse disease
progression. It would be used in a curative setting, in contrast to other pharmaceutical agents that are currently
available.

Aim: To review basic preclinical studies and recent clinical trials of stem cells on ED and PD.

Methods: A search of the medical literature for the following terms was performed using PubMed: stem cells,
cellular therapy, erectile dysfunction, Peyronie’s disease, and clinical trial.

Main Outcome Measures: A non-systematic narrative review and critical reflection on preclinical and clinical
studies administering stem cells for ED and PD in animal models and human subjects.

Results: Numerous studies have confirmed the beneficial functional effects of stem cell injection in established
animal models on ED and PD. Various stem cell types have been adopted, from embryonic to adult mesen-
chymal cell types. Each cell type offers distinctive advantages and disadvantages. Diverse administrations of stem
cells were investigated, with insignificant variability in the ultimate results. Stem cells appear to have a pro-
nounced paracrine effect, rather than the classic engraftment and differentiation hypothesis. Phase 1 clinical trials
using stem cells have not reported any severe adverse events in animals. However, these results cannot be
extrapolated to draw any conclusions about efficacy in human patients.

Conclusion: Stem cells have an established efficacy in preclinical studies and early clinical trials. Studies are
currently being published demonstrating the safety of intrapenile injection of autologous bone marrow- and
adipose tissue-derived stem cells.

Sex Med Rev 2016;-:1e14. Copyright � 2016, International Society for Sexual Medicine. Published by Elsevier Inc.
All rights reserved.

Key Words: Stem Cells; Progenitor Cells; Cavernous Nerve Injury; Peyronie Disease; Sexual Dysfunction;
Erectile Dysfunction
INTRODUCTION

Erectile dysfunction (ED), defined as the inability to attain
and maintain a penile erection sufficient for satisfactory sexual
intercourse, is the most common male condition studied in
sexual medicine.1 There is an increasing prevalence of ED
worldwide.2,3 This trend is driven by an upsurge of underlying
risk factors such as cardiovascular disease and generalized
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atherosclerosis, metabolic syndrome, diabetes mellitus, and
increasing age. These factors contribute to microvascular and
endothelial dysfunction.4,5 In addition, ED after radical prosta-
tectomy for prostate cancer is the most common iatrogenic cause
of ED.6,7 ED also can be a result of local disease or anatomic
disturbance. Peyronie disease (PD) is a connective tissue disorder
of the tunica albuginea. Unfortunately, the pathophysiology has
not been completely elucidated. It is characterized by an initial
inflammatory component and a secondary fibrotic deposition at
the tunica albuginea. It can cause significant curvature, thus
affecting the corpora cavernosa and leading to impaired sexual
function. PD is often associated with ED because of the com-
bined physical and psychological burden for the patient.
Epidemiologic data have reported a large variety in prevalence,
up to 20% in the diabetic population and up to 40% in the post-
prostatectomy population.8,9
1

http://dx.doi.org/10.1016/j.sxmr.2016.11.002


2 Soebadi et al
Contemporary treatment of ED involves temporary stimula-
tion of engorgement of the corpora cavernosa, rendering the
treatment of ED a symptomatic and temporary one.10 However,
patients rate “curing” as the most important measurement of
treatment success.11 In addition, phosphodiesterase type 5 in-
hibitors rely on the bioavailability of endogenous nitrous oxide
(NO) to exert their effects. However, patients with decreased
NO bioavailability (eg, from nerve damage after radical prosta-
tectomy or neurovascular damage in diabetes) respond poorly to
this therapy. This accounts for current dropout rates of at least
50%.12 These patients have to resort to more invasive treatment
options such as intracavernous prostaglandin injections or im-
plantation of penile prosthetic erection devices. Extracorporeal
low-intensity shockwave therapy is a novel treatment option that
seems to improve erectile function (assessed by the International
Index of Erectile Function) in patients with mild ED. None-
theless, according to a recent systematic review and meta-
analysis, these effects appear rather limited and seem to
decrease over time.13 The introduction and increasing popularity
of this treatment, even without supporting evidence, illustrates
that patients are searching for more permanent ways to improve
their condition and decrease the need for on-demand
pharmacotherapy.

Among the various treatments viewed as regenerative medi-
cine, stem cells (SCs) could be one of the up-and-coming
curative treatment options for ED. Bochinski et al14 first re-
ported on the injection of embryonal SCs into rats with
cavernous nerve injury (CNI) in 2004. Various groups since then
have reported on the use of cells from non-embryonal tissue in
acute and chronic animal models of ED.15,16 This review is
written in parallel with the second phase of SC research in sexual
medicine with the advent of clinical trials.17,18 Although the
currently published data are limited to phase 1 clinical trials, thus
allowing conclusions to be made only for safety in humans,
cellular therapy is already being commercially offered for appli-
cations in sexual medicine.19 Although the clinical application of
cellular therapy is an exciting opportunity to find a cure for ED,
researchers and clinicians should proceed with the necessary care
and adhere to guidelines for testing, approval, and implementa-
tion before mainstream application and distribution. In this re-
view, the available literature on preclinical and clinical
application of SCs is thoroughly assessed. An attempt is made to
provide guidance for further translation of this new line of
therapy to daily practice.
STEM CELLS

SCs are defined by their self-renewal capability and differen-
tiation potential. When an SC divides, the resulting daughter
cells are an exact copy of the parent cell to maintain the SC
population or differentiate into a more specialized cell type. A
daughter cell that retains its means of self-renewal remains un-
differentiated after repeated divisions. Various patterns of cell
division can be recognized. When dividing “asymmetrically,” a
parent cell produces an exact copy of itself and another differ-
entiated daughter cell. “Stochastic differentiation” means one
parent cell divides into two differentiated cells and a second
parent cell divides into two exact copies to maintain the SC
population.

These alternative outcomes of cell division are the key prin-
ciples in the maintenance of the SC population and the potential
for tissue regeneration.20

A hierarchy exists in SC classification; they are known as
totipotent, pluripotent, multipotent, progenitor, or precursor
cells.20 Cells in the zygote and morula stages have totipotent
characteristics, meaning they can develop into a completely
differentiated organism and extraembryonic tissue.

Embryonal SCs are a typical example of pluripotent SCs; they
have the capability to produce cells from all germinal layers
(ectoderm, mesoderm, and/or endoderm). Multipotent SCs can
be readily isolated from fully grown organs, renew themselves,
and differentiate into any cell type within their own germinal
layer. Consensus definitions of SCs have been proposed with the
growing interest in therapeutic applications.21 In general, stromal
cells are connective tissue cells descending from any organ sys-
tem. An SC is defined by its ability for self-renewal and multi-
potent characteristics. In contrast, a progenitor cell has limited
proliferation potential and can differentiate into at least one
specific cell type.

Initial interest in SCs was driven by the potential therapeutic
effect of these newly introduced cells replacing damaged or
defective host cells. Nonetheless, evidence for engraftment and
differentiation of cells has not been found. Improvement in
erectile function has been observed with injection of SCs and cell
lysate from harvested SCs, supporting a paracrine mechanism of
action.22 Mesenchymal SCs (MSCs) in particular secrete large
amounts of angiogenetic, trophic, inflammation-modulating,
antifibrotic, and chemotactic factors.23 Immunoactivity of
MSCs is mediated by secreted molecules and by direct cellular
contact, which can influence the action of various cells, such as
dendritic cells, B cells, and various T cells including T-regulatory
cells, killer cells, and various T-helper cells.24 Multiple molecular
agents secreted by MSCs mediate immunomodulatory and tro-
phic effects.25 CXCL5, a cytokine produced by adipose-derived
SCs (ADSCs), has been shown to exert neurotrophic effects on
major pelvic ganglion (MPG) neurite outgrowth, potentially
playing a role in CN regeneration.26 Another hypothesis suggests
there is active secretion of vesicles containing various forms of
RNA. This could explain the paracrine influence of cellular
processes in the direct environment of the SC.27

Cell types used in early SC research originated from embryos,
which faced limited availability and ethical concerns. MSCs were
subsequently isolated from various tissues, most commonly from
bone marrow and adipose tissue.28 These cells can differentiate
into all cell types of mesodermal origin, including muscle, fat,
and bone. Researchers also have explored SCs from other
sources, including testicles and urine.29,30 Stromal vascular
Sex Med Rev 2016;-:1e14
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fraction (SVF) is a preparation containing approximately 560
MSCs per 106 cells and has shown encouraging results in animal
models.31 SVF is derived from adipose tissue commonly
retrieved by liposuction. Afterward, it is enzymatically digested
and differential centrifugation separates the mature adipocytes. A
heterogeneous mesenchymal cell population is isolated, con-
taining adipose stromal, hematopoietic stem, and progenitor
cells with more differentiated cells. Culture of the SVF results in
expansion of a plastic adherent cell population (adipose tissue-
derived stromal cells).21 Interest in the clinical use of SVF has
resulted in several commercial processes optimizing its
preparation.32 Moreover, one protocol has been used for
reporting ED trial results.33
PRECLINICAL STUDIES

In the past decade, a multitude of studies have established the
beneficial effects of SC therapy on erectile recovery in a myriad of
disease models. Although the cell source, cell type, and route of
administration have varied among these studies, the common
denominator has always been that any kind of cellular therapy
using SCs results in improved erectile function. Table 1 presents
an overview of the available literature and a summary of key
differences in methodology and outcomes.14,15,22,29e31,34e91

Some studies are highlighted below to illustrate the develop-
ment of new insights in this promising field, specifically the
mechanisms of action of SC therapy.
CNI and Nerve-Sparing Radical Prostatectomy
Studies in animal models can be largely classified as acute

injury or long-term disease models. The latter model pertains to
human diseases such as metabolic syndrome, hyperlipidemia,
diabetes, and aging. Trauma in various forms (crush, resection,
freezing, radiation, etc) inflicted on the CN attempts to mimic
iatrogenic trauma of the neurovascular bundle in radical pros-
tatectomy as a cause of ED. This injury can result in neurapraxia
from coagulation trauma, compression, temporary ischemia, or
axonotmesis. Neurapraxia is followed by the recovery of nerve
function within weeks to months. Conversely, axonotmesis is
more severe because axons are progressively broken down and
disintegrated.92

In the first report on cellular therapy, embryonic SCs were
injected into rats after CNI.14 Administration into the corpus
cavernosum or adjacent to the MPG resulted in significant
improvement of erectile function. Nerve regeneration or pres-
ervation was suggested based on increased neurofilament and
neuronal NO synthase (NOS) staining in the group of treated
rats. No significant incorporation of cells in the erectile tissue or
the MPG was evident. These results were replicated by Kendirci
et al36 and Albersen et al15 using adult MSCs derived from bone
marrow and adipose tissue, respectively. Although presenting
evidence for nerve regeneration (and decrease of secondary
corporeal fibrosis), the investigators could not trace large
Sex Med Rev 2016;-:1e14
amounts of SCs in the corpora cavernosa several weeks after
nerve injury and intracavernosal cell injection. Furthermore, no
markers were expressed confirming trans-differentiation or evi-
dence for replacement of host cells. These consecutive and
consistent findings led to a paradigm shift acknowledging that
injected SCs might exert paracrine effects, rather than acting as
building blocks, as was assumed until then. Indeed, Zhang et al26

confirmed the production of large amounts of neurotrophic
factors by ADSCs in vitro, and administration of ADSC-derived
lysate in the CNI rat model showed improved central nervous
system responses compared with rats injected with ADSCs.22

ADSC lysate provides soluble factors without live cells directly
acting on the host. These data are strong indicators for paracrine
mechanisms of action: (i) no or scarce cell engraftment, (ii) no
signs of differentiation of injected cells, and (iii) similar func-
tional effects in studies injecting cell lysate or conditioned me-
dium. The question remains of whether the paracrine effects are
protective or regenerative in nature and which factors are
responsible for these observed effects.

In the absence of cell engraftment, researchers became inter-
ested in the fate of the injected cells. Labeling of cells with
5-ethynyl-2-deoxyuridine showed rapid clearance of cells from
the injection site.37,39 The corpus cavernosum is a vascular
structure, and therefore it is difficult to keep injected cells lodged
within this highly perfused tissue. Strikingly, in one study, only 1
day after intracavernous injection, cells started to appear in the
MPGs, where the cell bodies of the injured CNs are located.37,60

However, a couple of days later, the cells disappeared from this
injury site. The homing phenomenon observed in these studies is
mediated by chemokines released during the neuro-inflammatory
response.48 Other than appearing at the site of injured nerves,
injected cells also emerged in the spleen and bone marrow after
several days.39 These sites are rich in chemokines and it is likely
that “homing” of these cells toward these tissues represents a
phenomenon specific for MSCs. Even if they are administered
exogenously and derived from a different tissue, they seem to
flock to a niche where they reside until needed in subsequent
injury or disease.
Diabetes, Aging, and Metabolic Syndrome
Chronic disease models for ED include rat and mouse models

for aging, hyperlipidemia, and diabetes mellitus. Most
commonly, these models lack an exact time point marking the
onset of disease and are characterized by slow processes and less
pronounced inflammation, resulting in less release of chemo-
attractants at sites of tissue damage. ED occurs in these models
from system-based pathophysiologic changes, rather than local
processes, contrary to the CNI and PD models. Moreover, the
mechanism of action of SC therapy is much harder to investigate
in chronic disease models. In contrast to studies on CNI, SC
incorporation has been observed in models of chronic disease.
There has been controversy as to whether this represents an
amelioration of pathophysiologic changes or a paracrine effect.



Table 1. Animal studies on stem cell therapy for erectile dysfunction related to cavernous nerve injury

Study (year) Stem cell type and origin Functional outcome Structural outcome

Cavernous nerve injury
Bochinski et al14 (2004) Allogeneic ESCs Improved erectile response

(ICP/MAP ratio)
Nerve regeneration

Kim et al34 (2006) Allogeneic MDSCs Improved erectile response
(ICP/MAP ratio)

Nerve regeneration

Fall et al35 (2009) Allogeneic BMSCs Improved erectile response
(ICP/MAP ratio)

Decreased apoptosis of
cavernosal cells, nerve
regeneration (eNOS and
nNOS)

Kendirci et al36 (2010) Allogeneic BMSCs Improved erectile response in
P75 group (ICP/MAP
ratio)

Rare long-term engraftment
in penile tissue of GFPþ

cells displaying
mesenchymal
morphology (no
differentiation)

Albersen et al22 (2010) Autologous ADSCs or ADSC
lysate

Improved erectile response
(ICP/MAP ratio)

Nerve regeneration, smooth
muscle preservation,
decrease of fibrosis

Fandel et al37 (2011) Autologous ADSCs Improved erectile response
(ICP/MAP ratio) in
intracavernous group only

Nerve regeneration, smooth
muscle preservation,
decrease of fibrosis

Woo et al38 (2011) Allogeneic MDSCs Improved erectile response
(ICP/MAP ratio)

Nerve or muscle
preservation (cGMP)

Lin et al39 (2011) Autologous or allogeneic
ADSCs

N/A Tracking of ADSCs exiting
corpus cavernosum and
migrating to bone
marrow

Qiu et al40 (2012) Autologous adipose tissue-
derived SVF immediately
and 4 wk after injury

Improved erectile response
(ICP/MAP ratio)

Nerve regeneration,
preservation of smooth
muscle, decrease of
fibrosis

Qiu et al41 (2012) Autologous ADSCs Improved erectile response
(ICP/MAP ratio)

Nerve regeneration in dorsal
penile nerve and MPG,
preservation of smooth
muscle, decrease of
fibrosis

Kim et al42 (2012) Allogeneic BMSCs Improved erectile response
(ICP/MAP ratio)

Nerve regeneration

You et al43 (2013) Xenogeneic BMSCs Improved erectile response
(ICP/MAP ratio)

Nerve regeneration and
smooth muscle
preservation

You et al44 (2013) Xenogeneic ADSCs Improved erectile response
(ICP/MAP ratio)

Improved smooth muscle
content

Ying et al45 (2013) Allogeneic ADSCs Improved erectile response
(ICP/MAP ratio)

Nerve regeneration

Kovanecz et al46 (2012) Allogeneic MDSCs Improved erectile response
(ICP/MAP ratio)

Nerve regeneration,
preservation of smooth
muscle, decrease of
fibrosis

Choi et al30 (2013) Xenogeneic CD34þ/CD73þ

testicular stromal cells
Improved erectile response

(ICP/MAP ratio)
Jeong et al47 (2013) Xenogeneic ADSCs ± BDNF Improved erectile response

(ICP/MAP ratio)
Nerve regeneration, smooth

muscle preservation,
vascular endothelial
regeneration

(continued)
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Table 1. Continued

Study (year) Stem cell type and origin Functional outcome Structural outcome

Albersen et al48 (2013) Xenogeneic ADSCs N/A
Choi et al30 (2013) Testis-derived SCs and

BMSCs
Improved erectile response

(ICP/MAP ratio) for 2 cell
types

Ryu et al49 (2014) Allogeneic clonal BMSCs Improved erectile response
(ICP/MAP ratio)

Increased cavernous
smooth muscle and
endothelial content,
decreased collagen and
fibrosis

Ying et al50 (2014) Allogeneic ADSC-filled vein
graft

Improved erectile response
(ICP/MAP ratio)

Nerve and endothelial
regeneration

Miyamoto et al51 (2014) Xenogeneic CD133þ bone
marrow cells on alginate
gel sponge

Improved erectile response
(ICP/MAP ratio)

Nerve and endothelial
regeneration

Lee et al52 (2014) Xenogeneic ADSCs þ BDNF
or ADSCs þ BDNF þ
bFGF

Improved erectile response
(ICP/MAP ratio)

Smooth muscle
preservation, decreased
fibrosis, nerve
regeneration

Song et al53 (2014) Allogeneic SVF Improved erectile response
(ICP/MAP ratio)

Endothelial and nerve
regeneration

Xu et al54 (2014) Autologous ADSC
microtissue

ADSC-generated microtissue
improved erectile
response better than
classic single-cell ADSC
(ICP/MAP ratio)

Mangir et al55 (2014) Autologous ADSCs,
allogeneic ADSCs, ADSC
lysate

Improved erectile response
(ICP/MAP ratio)

Bae et al56 (2014) Xenogeneic ADSCs Improved erectile response
(ICP/MAP ratio)

Smooth muscle
preservation and nerve
regeneration

You et al57 (2015) Autologous SVF or ADSCs Improved erectile response
(ICP/MAP ratio)

Nerve and endothelial
regeneration, smooth
muscle preservation,
decrease of fibrosis

Zhu et al58 (2015) Xenogeneic human umbilical
cord MSCs

Improved erectile response
(ICP/MAP ratio)

Nerve regeneration, smooth
muscle preservation,
decrease of fibrosis

Kim et al59 (2015) Xenogeneic (human) BMSCs Improved erectile response
(ICP/MAP ratio)

Nanoparticles detected at
MRI in corpus
cavernosum with
decreasing intensity up to
12 wk after injection

Takayanagi et al60 (2015) IV preload of allogenic
BMSCs

Improved erectile response
(ICP/MAP ratio) at two
time points

Nerve regeneration

Yang et al61 (2015) Xenogeneic ADSCs Improved erectile
response(ICP/MAP ratio)

Nerve regeneration

Chen et al62 (2016) Allogeneic ADSCs Improved erectile response
(ICP/MAP ratio)

Nerve regeneration

Fang et al63 (2016) Allogeneic BMSCs Improved erectile function
(ICP/MAP ratio)

Endothelial, nerve, and
smooth muscle
regeneration

(continued)
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Table 1. Continued

Study (year) Stem cell type and origin Functional outcome Structural outcome

Jeon et al64 (2016) ADSCs ± low energy
shockwaves

Improved erectile response
(ICP/MAP ratio)

Nerve regeneration, smooth
muscle preservation

Lin et al65 (2016) Allogeneic ADSCs ±
magnetic nanoparticles

No significant difference in
erectile response (ICP/
MAP ratio) with
nanoparticles

Endothelial and smooth
muscle regeneration

Martínez-Salamanca et al66 (2016) Allogeneic BMSCs ± PDE5
inhibitor

Improved erectile response
(ICP/MAP ratio) with
BMSCs þ PDE5 inhibition

Nerve regeneration in BMSC
group

Song et al67 (2016) Xenogeneic human umbilical
cord MSCs ± BDNF

Improved erectile response
(ICP/MAP ratio)

Nerve regeneration, smooth
muscle preservation,
decrease of fibrosis

Yang et al68 (2016) Urine MSCs ± pigment
epithelium-derived factor

Improved erectile
response(ICP/MAP ratio)

Endothelial, smooth muscle,
nerve regeneration

Yiou et al69 (2016) Xenogeneic ADSCs Improved erectile function
(Doppler arterial flow and
urometry)

Endothelial, smooth muscle,
nerve regeneration

You et al70 (2016) Xenogeneic BMSCs Improved erectile response
(ICP/MAP ratio)

Endothelial, smooth muscle,
nerve regeneration

Aging
Bivalacqua et al15 (2007) Allogeneic BMSCs ± eNOS Improved erectile response

(ICP/MAP ratio)
Nolazco et al71 (2008) Xenogeneic MDSCs Improved erectile response

(ICP/MAP ratio)
Smooth muscle

preservation
Hyperlipidemia

Huang et al72 (2010) Autologous ADSCs Improved erectile response
(ICP/MAP ratio)

Smooth muscle
preservation and
endothelial regeneration

Tobacco
Huang et al73 (2016) Autologous ADSCs Improved erectile response

(ICP/MAP ratio)
Nerve regeneration, smooth

muscle, endothelial
preservation

Diabetes
Garcia et al74 (2010) Autologous ADSCs Improved erectile response

(ICP/MAP ratio)
Endothelial regeneration

Qiu et al75 (2012) Allogeneic BMSCs Improved erectile response
(ICP/MAP ratio)

Smooth muscle
preservation and
endothelial regeneration

Sun et al76 (2012) Allogeneic BMSCs Improved erectile response
(ICP/MAP ratio)

Nishimatsu et al77 (2012) ADSCs Improved erectile response
(ICP/MAP ratio), effect
absent after genetic
knockdown of
andromedullin

Smooth muscle
preservation and
endothelial regeneration

Ryu et al31 (2012) Allogeneic adipose tissue-
derived stromal vascular
fraction from GFPþ mice,
intracavernous injection

Improved erectile response
(ICP/MAP ratio), effect
absent after addition of a
VEGF blocker

He et al78 (2014) Allogeneic BMSCs Improved erectile response
(ICP/MAP ratio)

Liu et al79 (2013) Allogeneic ADSCs Improved erectile response
(ICP/MAP ratio)

Smooth muscle
preservation and
endothelial regeneration

(continued)
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Table 1. Continued

Study (year) Stem cell type and origin Functional outcome Structural outcome

Das et al80 (2014) Xenogeneic SVF Improved erectile response
(ICP/MAP ratio)

Smooth muscle
preservation and
endothelial regeneration

Ouyang et al29 (2014) Xenogeneic urine-derived
stem cells þ FGF2

Improved erectile response
(ICP/MAP ratio)

Wang et al81 (2015) Allogeneic ADSCs ± hypoxia Improved erectile response
(ICP/MAP ratio)

Decreased fibrosis and
endothelial regeneration

Liu et al82 (2015) ADSCs and ADSCs
transfected with hHGF

Improved erectile response
(ICP/MAP ratio)

Decreased fibrosis and
smooth muscle
regeneration

Kovanecz et al83 (2016) Allogeneic MDSCs from rats
with early- and late-stage
diabetes

Improved erectile response
(ICP/MAP ratio) in early-
stage group only

Smooth muscle
regeneration and
decreased fibrosis

Shan et al84 (2016) Allogeneic BMSCs ± low-
energy shockwave

Improved erectile response
(ICP/MAP ratio) with
combined treatment

Decreased fibrosis, smooth
muscle, endothelial
regeneration

Zhang et al85 (2016) Allogeneic bone marrow
mononuclear cells (EPC) ±
hTRT

Improved erectile response
(ICP/MAP ratio) in group
with hTRT

Decreased fibrosis, smooth
muscle and nerve
regeneration

Zhou et al86 (2016) Allogeneic ADSCs and
ADSC-based microtissue

Improved erectile response
(ICP/MAP ratio) to
microtissue vs single
ADSC injection

Improved smooth muscle,
endothelial and nerve
regeneration in
microtissue vs single
ADSC injection

Zhou et al87 (2016) Allogeneic ADSCs ± insulin Improved erectile response
(ICP/MAP ratio) with
ADSCs þ insulin

Improved smooth muscle,
nerve and endothelial
regeneration with
ADSCs þ insulin

Zhu et al88 (2016) Allogeneic ADSCs ± iron
oxide nanoparticles

Improved erectile response
(ICP/MAP ratio) in group
with ADSCs and
nanoparticles

Improved smooth muscle
and endothelial
regeneration

Peyronie disease
Castiglione et al89 (2013) Xenogeneic MDSCs Improved erectile response

(ICP/MAP ratio)
Prevention of fibrotic plaque

formation; preservation
of elastin, collagen III, and
cavernosal structure

Gokce et al90 (2014) Allogeneic MDSCs Improved erectile response
(ICP/MAP ratio)

Decrease of fibrotic changes
in tunica albuginea

Gokce et al91 (2015) Autologous ADSCs Improved erectile response
(ICP/MAP ratio)

Milder form of fibrosis as
shown by collagen and
elastic fibers in groups
receiving ADSC injection

ADSC ¼ adipose-derived stem cell; BDNF ¼ brain-derived neurotrophic factor; bFGF ¼ basic fibroblast growth factor; BMSC ¼ bone marrow stem cell;
cGMP ¼ cyclic guanosine monophosphate; eNOS ¼ endothelial nitric oxide synthase; EPC ¼ endothelial progenitor cells; ESC ¼ embryonal stem cell;
FGF2 ¼ fibroblast growth factor-2; GFP ¼ green fluorescent protein; hHGF ¼ human hepatocyte growth factor; hTRT ¼ human telomerase reverse
transcriptase; ICP ¼ intracavernosal pressure; IV ¼ intravenous; MAP ¼ mean arterial pressure; MDSC ¼ muscle-derived stem cell; MPG ¼ major pelvic
ganglia; MRI ¼ magnetic resonance imaging; MSC ¼ mesenchymal stem cell; N/A ¼ not available; nNOS ¼ neuronal nitric oxide synthase;
PDE5 ¼ phosphodiesterase type 5; SC ¼ stem cell; SVF ¼ stromal vascular fraction; VEGF ¼ vascular endothelial growth factor.
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In summary, the current data remain inconclusive on the exact
mechanism of action of SCs in chronic ED. Although the means
by which SCs exert their effects remain to be elucidated, it has
become clear that application of various kinds of SC has resulted
in improvement of erectile function, even in these models of
chronic conditions.
Sex Med Rev 2016;-:1e14
For age-induced ED, Bivalacqua et al15 hypothesized that
endothelial dysfunction with decreased levels of the vaso-relaxing
NO would be a major contributor. Therefore, they used bone
marrow SCs specially modified to express endothelial NOS. This
resulted in enhanced NO bioavailability, eventually increasing
blood flow into the corpus cavernosum. These modified cells
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were injected into rats with aging-associated ED in which more
rapid improvement in erectile function was observed compared
with wild-type MScs. Increased endothelial NOS protein levels
and NOS activity supported the improvement of endothelial
integrity in this study. Engraftment and differentiation were
suggested as mechanisms of action by colocation of smooth
muscle markers and endothelial markers within the SC label.
This finding was supported by Abdel Aziz et al93 who reported
that improved erectile function persisted up to 4 months and
persistence of labeled cells in the corpus cavernosum. Because
colocalization of SC labels with endothelial markers was not
investigated, no definite proof for trans-differentiation and
incorporation could be established.

SC therapy has been extensively investigated in diabetic an-
imals. Diabetes mellitus is believed to affect erectile function
through damage to four key components in the erectile appa-
ratus: a dysfunctional or apoptotic vascular endothelium,
decreased nitrergic innervation, smooth muscle dysfunction and
apoptosis, and impaired corpus cavernosum compliance (the
latter two as a result of fibrosis). Garcia et al74 reported an
improved erectile response after intracavernous injection of
ADSCs in ED associated with type 2 diabetes, but only a small
number of labeled cells were observed in the corporal tissue at 3
weeks. Injection of bone marrow SCs in animals with
streptozocin-induced diabetes also improved erectile function,
with increased endothelial and smooth muscle in the corpus
cavernosum.94 In that study, immunofluorescence analysis
demonstrated that CM-DiIelabeled bone marrow MSCs could
remain in the corpora cavernosa for at least 4 weeks. Some
expressed von Willebrand factor, CD31, calponin, or a-smooth
muscle actin, cells markers for endothelial cells or smooth
muscle cells, respectively. That study also reported that injec-
tion of medium conditioned with bone marrow SCs improved
erectile function. This evidence for paracrine action was sup-
ported by high levels of various neurotrophins (brain-derived
neurotrophic factor, nerve growth factor, and vascular endo-
thelial growth factor) in the conditioned medium.76 Increased
recovery of erectile function was seen with cells genetically
modified to express certain cytokines, such as brain-derived
neurotrophic factor,67 vascular endothelial growth factor,75

and fibroblast growth factor-2.29 Therefore, it remains to be
elucidated whether paracrine signaling or engraftment and dif-
ferentiation are the key mechanisms behind the observed
functional improvement. Although the quality of the most
abundantly used cell labels might be suboptimal to draw
definitive conclusions,95 these two mechanisms of cellular
regeneration might be working in parallel.
Peyronie Disease
SC effects on erectile function have been recently studied in

animal models of PD. Although the pathophysiology of PD is not
completely understood, localized fibrotic plaque formation in the
tunica albuginea enclosing the penile corpora cavernosa is the
hallmark symptomof PD. These fibrotic plaques can be induced in
rodents by intracavernosal injection of transforming growth factor-
b1.96 This cytokine is believed to trigger the onset of fibrosis by
activation of the extracellular matrix to produce myofibroblasts.
MSCs have shown antifibrotic effects in various disease models,
with most studies suggesting immunomodulation of the host
response to injury as a mode of action.97,98 Castiglione et al89 re-
ported on the first application of local ADSC injection in a rat
model of PD with experimentally induced fibrosis. Injection of
ADSCs 1 day after transforming growth factor-b1 administration
prevented the development of fibrosis, preserving the structure and
collagen contents of the corporal tissue. More importantly, ADSC
injection prevented the development of ED as demonstrated by
electrical stimulation of the CN.89 In this study, xenogeneic
ADSCs were used, well characterized, and highly standardized
according to published standards.99 Transplantation of xenogeneic
cells without immunosuppression has shown improvement in
animal models of various disease states.100

Researchers at Tulane University in New Orleans, Louisiana
tested ADSCs expressing human interferon-alpha-2b in the same
PD animal model. The injection was administered on day 0 for
preventive purposes or on day 30 as a form of treatment. In the
two groups, injection of ADSCs showed ameliorated tunica
albuginea fibrosis and better erectile responses to electro-
stimulation of the CN. SC treatment decreased expression of
tissue inhibitors of metalloproteinases and increased activity of
matrix metalloproteinases, indicating SCs could exert their effect
through direct interference with tissue remodeling.90,91
CLINICAL TRIALS

SC therapy research for ED is an exciting prospect in sexual
medicine. The relative therapeutic success of these pioneering
studies suggests this approach might offer an effective, long-
lasting treatment option, even possibly curative, for severe ED.
The observation that distinct SC populations have exhibited
functional recovery in models of ED implies that different cell-
based approaches might prove efficacious for vasculogenic- and
neurogenic-mediated ED. Currently, a major concern regarding
the use of SCs for ED is the inappropriate claim of the efficacy of
SCs for patients with ED made by commercial manufacturers. As
mentioned earlier, most research conducted with SCs for this
indication is in the preclinical investigational phase. Based on
promising preclinical results, the use of various cellular products,
such as allogeneic MSCs, adipose SVFs, and mononucleate bone
marrow cells are being investigated (NCT02087397; NCT02
240823; NCT02414308; NCT02344849; NCT01089387;
NCT02398370; NCT01953523; NCT02472431; NCT0198
3709; NCT01601353). To date, only a few trials have been
published, and the quality of these studies leaves a lot to be
desired (Table 2).

Bahk et al101 reported that human umbilical cord blood SCs can
have beneficial effects on erectile function when administered into
Sex Med Rev 2016;-:1e14



Table 2. Phase 1 and 2 clinical trials of stem and progenitor cell therapy in male sexual dysfunction

Study (year) Disease state Route of administration Stem cell type and origin Outcome

Bahk et al101 (2010) 7 patients with type
2 diabetes

Intracavernosal injection,
1.5 � 107 cells

Allogeneic human umbilical
cord blood stem cells

Follow-up to 11 mo; no side
effects reported;
subjective outcomes of
erectile function (IIEF, SEP,
GAQ) reported

Levy102 (2015) 8 adults with
chronic, organic
erectile
dysfunction

Intracavernosal injection PM-MSCs 3 of 8 patients reported
injection site irritation;
erectile function
evaluation by IIEF and
Doppler ultrasound
measurements

Levy et al103 (2016) 5 adults with penile
curvature and
penile plaque

Injection in and around
Peyronie plaques,
intracavernosal

PM-MSCs No complications at 6 wk, 3
mo, and 6 mo; erectile
function evaluation by IIEF
and Doppler ultrasound
measurements

Khera et al104 (2015) 12 patients after
radical
prostatectomy

Intracavernosal injection Autologous bone marrow
mononucleate cells

Escalating dosage; mild pain
and hemoglobin decrease
after aspiration; erectile
function evaluation by IIEF,
EHS, and Doppler
ultrasound measurements

Haahr et al33 (2016) 17 men after radical
prostatectomy

Intracavernosal injection Stromal vascular fraction
and adipose-derived
reproductive cells

Clavien-Dindo grade I
complications related to
liposuction in 5 patients;
erectile function
evaluation by IIEF and EHS

EHS ¼ Erectile Hardness Score; GAQ ¼ Global Assessment Question; IIEF ¼ International Index of Erectile Function; PM-MSC ¼ placental matrixederived
mesenchymal stem cell; SEP ¼ Sexual Encounter Profile.
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the penis of men with severe type 2 diabetes. However, this effect
was short-lived and not durable. A key message from this trial is
that no safety concerns or adverse events were reported during
follow-up. Two small reports on penile injection of MSCs derived
from placental matrix in a private practice setting have been pub-
lished. In the first study, eight patients with ED of various causes
reported no statistically significant increase in International Index
of Erectile Function score, but increased peak systolic velocities
were noted.103 In the second study, the researchers reported on five
patients with PD and ED who received intralesional, perilesional,
and intracavernosal injections of MSCs derived from placental
matrix.102 Subjective and ultrasonographic decreases of plaque and
a decrease of penile curvature at 6 weeks and 3months after a single
injection of SCs was reported.
Only two well-conducted clinical trials have investigated the use

of SCs in the post-prostatectomy setting. Yiou et al18 reported on a
phase 1 trial of intracavernous injection of autologous bone
marrow mononuclear cells. Twelve patients with ED refractory to
maximal medical treatment were divided into four equal groups
treated with escalating doses of bone marrow mononuclear cells
(2� 107, 2� 108, 1� 109, and 2� 109). The patients underwent
radical prostatectomy 6 months to 3 years before the injections.
Eight of 12 men had nonenerve-sparing surgery. Despite the
Sex Med Rev 2016;-:1e14
surgery, subjects reported subjective improvement in Erectile
Hardness Score. An objective measurement was performed by
Doppler ultrasound and showed an improvement when combined
with pharmacotherapy. Importantly, no significant adverse re-
actions were reported with a follow-up of 6 months. Haahr et al33

published results of a second phase 1 trial of patients with ED after
prostatectomy. In this trial, freshly isolated SVFs (which the in-
vestigators termed autologous adipose-derived regenerative cells)
were administered after a liposuction procedure. The 17 subjects
were enrolled at 5 to 18 months after radical prostatectomy and
after failure of oral or intracavernous treatment. Adipose tissue was
collected by liposuction under general anesthesia and immediately
processed (Celution 800/CRS system, Cytori Therapeutics, San
Diego, CA, USA). Five patients reported minor events that could
be classified as Clavien-Dindo grade I and were related mostly to
the liposuction procedure rather than the injection. Local penile
complaints were limited to one patient reporting penile and scrotal
hematoma. These events were observed at 1 month and resolved
spontaneously at the 3- and 6-month evaluations. During the
follow-up of this study, 8 of 17 patients engaged in successful
sexual intercourse. However, 8 of 17 patients had nerve-sparing
surgery. The investigators did not report on whether the subjects
with improved erectile function were those who had nerve-sparing
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surgery.Nonetheless, patients seem to show improvementwhether
they undergo nerve-sparing or nonenerve-sparing surgery.18

As a common feature, these clinical trials reported improved
erectile function, but these results should be interpreted with
caution. It should be noted that this caution concerns phase 1
trials, and by extension the five trials conducted thus far were
performed in a single arm and without a placebo group. Hence,
no definitive answers can be given on the efficacy of the cellular
products injected. Researchers should be very cautious in
reporting clinical efficacy involving trials not designed to answer
this question. Phase 1 trials, by definition, should establish safety,
with escalating doses (as performed by Yiou et al18), and provide
information about concentrations for minimal effectiveness and
maximal tolerable dosage. Therefore, phase 2 trials are eagerly
awaited and well underway.

Future research needs to address the following essential issues.
First, the safety of cellular therapies must be established. The
early data seem to be encouraging, although safety concerns
should not be discarded in lieu of enthusiasm. Second, migration
and survival of cells in host tissue are harder to track in human
subjects. Third, it is necessary to settle which type of cellular
preparation is the most appropriate. Potential treatments have
grown in complexity, with various commercial and regulatory
factors in contention.105 Professional societies have proposed
guidelines for clinical translation of SC-based therapies, which
have recently been updated, and should be respected when
designing and conducting clinical trials in this field.106 The trials
examined in this review have followed these recommendations,
for example, of enrolling patients with developed ED despite
animal model data that the critical time point in CN neurapraxia
is the first days after injury.48 As safety and efficacy data emerge,
subsequent trials should test SC-based approaches against the
current best available treatment or placebo as appropriate.107 The
best suitable candidates for SC treatment are difficult to deter-
mine, but in our view, patients with localized and/or acute dis-
ease are the most likely to benefit, because pathophysiologic
changes are acute and thus amenable to change in the short term,
or localized and thus amenable to specific targeting. In chronic
diseases with system-based changes, SC therapy to influence one
issue in a complex clinical scenario seems less likely to be suc-
cessful. Until there are data from phase 2 to 3 randomized
controlled trials demonstrating efficacy and safety, leading sci-
entists and clinicians in sexual medicine must not allow SC
therapy to be propelled by profit-driven companies or physicians
taking advantage of desperate patients.104 No SC treatment
should be offered to patients with ED outside an ethics
committee-approved protocol.
CONCLUSION

After more than a decade of preclinical research in animal
models, SCs have sparked excitement as a potentially curative
treatment for ED. The mechanism appears to be mainly through
paracrine effects, with perhaps cellular engraftment as an auxil-
iary mechanism. Although clinical phase 1 trials are emerging,
caution should be taken with prematurely announcing any
beneficial effects. Phase 2 and 3 trials are needed before offering
these promising novel therapies to our patients.
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