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Abstract Introduction: Erectile dysfunction (ED) is the most common sexual dis-
order that men report to healthcare providers, and is the male sexual dysfunction
that has been most investigated. Current treatments for ED focus on relieving the
symptoms of ED and therefore tend to provide a temporary solution rather than
a cure or reversing the cause. Recently, therapies based on stem cells (SCs) have
had an increasing attention for their potential to restore erectile function.
Preclinical studies showed that these cells might reverse the pathophysiological
changes leading to ED, rather than treating the symptoms of ED. This review
is intended to provide an overview of contemporary reports on the use of SCs
to treat ED.

Methods: We made an extensive search for reports on SC-based therapy for the
management of ED, published in English between 1966 and 2013, using the search
engines SciVerse-sciencedirect, SciVerse-scopus, Google Scholar and Pubmed, with
the search terms ‘erectile dysfunction’, ‘stem cells’, ‘multipotent stromal cells’, ‘adi-
pose (tissue) derived stem cells’, ‘bone-marrow derived stem cells’, ‘animal model’,
‘diabetes’, ‘ageing’, ‘Peyronie’s Disease’ and ‘cavernous nerve injury’.

Results: Fifty-four papers were identified and contributed, either as an original
research report or review thereof, to this review. Several preclinical studies addressed
SC-based therapies for the recovery of erectile function caused by a variety of both
chronic and acute conditions. Overall, these studies showed beneficial effects of SC
therapy, while evidence on the mechanisms of action of SC therapy varied between
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NO, nitric oxide;
(e)(n)NOS, (endothe-
lial) (neuronal) NO
synthase;
(A)(E)(H)(M) SC,
(adult) (embryonic)
(haematopoietic)
(mesenchymal) stem
cell;
AD, adipose tissue-
derived;
BM, bone marrow-
derived;
MD, muscle-derived;
SVF, stromal vascular
fraction;
MPG, major pelvic
ganglion;
GFP, green fluorescent
protein

studies. One clinical trial investigated the short-term effects of SC therapy in diabetic
patients with ED. Two more clinical trials are currently recruiting patients.

Conclusions: The rapidly expanding and highly promising body of preclinical
work on SC-based medicine providing a potential cure for ED, rather than merely
symptom relief, is indicative of the increasing interest in regenerative options for sex-
ual medicine over the past decade. Clinical trials are currently recruiting patients to
test the preclinical results in men with ED.

ª 2013 Production and hosting by Elsevier B.V. on behalf of Arab Association of
Urology.
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Introduction

Erectile dysfunction (ED) is defined as the consistent
inability to obtain or maintain an erection for satisfac-
tory sexual intercourse [1]. Notwithstanding variations
in definitions and methods, various large-scale studies
(both cross-sectional and longitudinal) confirm the glo-
bal presence of this disease, with an estimated overall
prevalence rate of 10–20% worldwide [2]. There is a
strong correlation between age and ED, with the preva-
lence increasing steadily from 6.5% in men aged 20–
39 years to 77.5% in those aged P75 years. While previ-
ously ED was believed to be primarily due to psycholog-
ical causes, currently the vast majority of cases have
been attributed to the underlying organic disease [3].
In many cases ED is the result of systemic changes in
diseases such as diabetes and atherosclerosis, and in
the (patho)physiological process of ageing, as illustrated
by the convincing epidemiological data cited above [4].
However, also more localised diseases have been linked
to ED, such as Peyronie’s disease (PD), and iatrogenic
causes such as cavernous nerve injury (CNI) during rad-
ical prostatectomy (RP) for clinically localised prostate
cancer [5]. RP results in significant damage to the neuro-
vascular bundles and autonomic innervation of the pe-
nis, resulting in ‘either-or-not’ temporary denervation
of the penis and severe end-organ damage, as evidenced
by smooth muscle apoptosis and fibrosis of the corpus
cavernosum (CC) [6]. The latter type of ED has been
extensively investigated in the light of the possible appli-
cation of stem cell (SC) therapy for the cure of ED [7].

The recognition of nitric oxide (NO) as the main erec-
togenic (gaso)transmitter in the erectile tissue has led to
the development of phosphodiesterase type 5 (PDE5)
inhibitors (PDE5-i) [8]. The efficacy of PDE5-i depends

on the integrity of the NO pathway, so it is clear that pa-
tients in whom this pathway is deranged or defective
might benefit much less than would the general popula-
tion from treatment with PDE5-i [2]. Diseases in which
the availability of NO is reduced include severe diabetes
with neuropathy and endothelial dysfunction, metabolic
syndrome, and down-regulation or deactivation of NO
synthase (NOS) expression, which can occur in denerva-
tion of the erectile tissue after RP, atherosclerosis, ad-
vanced age, and hypogonadism [2]. Furthermore, in
severe ED there is also a downregulation of targets acti-
vated by the NO pathway [9]. Overall efficacy rates of
PDE5-i are currently 60–70%with on-demand treatment
regimens [10]. Men who persistently fail to respond to
PDE5-i might require intracavernous injections of vaso-
active substances, e.g. prostaglandin E1 and papaverine,
to regain erectile function, and when these treatments fail
patients must resort to the surgical implantation of inflat-
able penile prostheses. It is clear that current pharmaco-
therapies for ED are aimed at providing symptom relief
and do not represent a curative approach [11]. Despite
this, patients report that the most important treatment
outcome andmeasure of success is the ability of a therapy
for ED to cure them of their disease [12]. Thus an ideal
future therapy for ED would focus on identifying a dis-
ease-specific therapy with curative intent. Various groups
worldwide are currently involved in investigating how
cell-based therapy, specifically SCs, might be of use in
reversing different pathophysiological processes in the
establishment of ED to halt or reverse the development
of this prevalent sexual dysfunction. While these studies
are mainly conducted in a preclinical setting, clinical tri-
als are starting to emerge based on positive preclinical re-
sults, and the outcome of these studies might change the
approach towards ED.
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While we are aware that SC research is ongoing in
other areas of andrology, based on our field of expertise,
in the present review we focus on the current evidence to
support the use of SCs for treating ED, and discuss SC-
based strategies in several diseases leading to organic ED.

Stem cells

SCs are by definition capable of self-renewal (which
means they can make exact copies of themselves, indef-
initely) and differentiation into various phenotypes [13].
They can functionally and structurally regenerate dam-
aged tissues, depending on the stimuli or signals they re-
ceive [13]. When a SC divides, both daughter cells have
the potential either to remain as SCs or to become a
more specialised type of cell, e.g., muscle, red blood or
brain. Tissue regeneration is the result of two principles
of cell division, which are also the backbone of the
maintenance of the SC population, i.e., asymmetrical
replication, in which one daughter cell becomes a SC
and the other a more differentiated cell, and stochastic
differentiation, in which one SC gives rise to two daugh-
ter SCs and a neighbouring SC gives rise to two more
differentiated daughter cells.

The hierarchy of multi-lineage differentiation classi-
fies SCs as being totipotent, pluripotent, multipotent,
progenitor and precursor cells. In the earliest stages of
development, the totipotent zygote and morula (or early
blastocyst cells) give rise to a fully differentiated adult
organism. After just a few divisions into development
the totipotency is lost. At this stage there are pluripotent
cells that give rise to cells of all three germ layers (ecto-
derm, mesoderm and endoderm), but are no longer
capable of giving rise to extra-embryonic tissues [14].
Embryonic SCs (ESCs), isolated from the inner cell mass
of the blastocyst, are the commonest example of plurip-
otent cells [13]. Multipotent SCs, such as haematopoietic
SCs (HSCs) and mesenchymal (stromal) SCs (MSCs),
are isolated from the developing germ layer and their
descended adult organs, can renew themselves and dif-
ferentiate into any cell type within their germ layer [7].
Unipotent cells are progenitor cells or precursor cells
with a limited capacity for self-renewal and they differ-
entiate into only one defined cell type, such as epithelial
cells [13]. The harvesting of ESCs requires the destruc-
tion of human embryos and this has raised significant
ethical and political restrictions. These barriers have
prompted the search for alternative SC sources includ-
ing adult SCs (ASCs).

SC types

In ED research, three types of ASC are commonly used,
including adipose tissue-derived SCs (ADSCs), bone
marrow-derived SCs (BMSCs), and muscle-derived
SCs (MDSC). All of these SCs have been defined as

MSCs, indicating that they can differentiate into various
cell types within the mesodermal germ line, such as mus-
cle, fat and bone cells [15]. They are further character-
ised by their surface marker expression, which is
highly similar between ADSCs and BMSCs, and might
differ slightly in MDSCs, and thus raise the question
whether these three populations are derived from the
same lineage [14]. MDSCs are isolated from a striated
muscle biopsy and require cultural expansion to gain
sufficient cell numbers for therapy. BMSCs are isolated
from the mononuclear fraction of the bone marrow by
aspiration, and either cultured BMSCs or the whole
mononuclear fraction (containing many cell types,
among which are BMSCs) can be used for cell therapy,
as illustrated by a multitude of clinical trials using both
cultured and uncultured cellular products. ADSCs are a
distinct population of MSCs residing in the perivascular
niche of adipose tissue [16,17]. The possibility of har-
vesting large amounts of tissue (>100 g) allows for di-
rect re-injection of cells (the stromal vascular fraction,
SVF) in the same surgical procedure during which they
were harvested [18].

Besides multipotent or even pluripotent differentia-
tion, SCs (in particular MSCs) have strong paracrine
capacities, and these cells have been recognised as
producers of growth factors and cytokines [19,20]. In
this sense it is possible and increasingly believed that
MSCs have their beneficial effects on damaged or dis-
eased tissues by releasing various molecular mediators,
which in turn stimulate the host tissue to initiate a
regenerative or healing response to disease or injury.
This hypothesis is supported in many different preclin-
ical studies using MSCs, in various disciplines, in which
there is functional and structural tissue regeneration in
the absence of cell incorporation, or even cell differen-
tiation [21]. In ED, various studies from different
groups have made similar observations, as detailed be-
low. In addition, functional results on the recovery of
erectile function have been either replicated by injection
with SC-derived soluble molecules in the form of lysate
or conditioned culture medium, or blunted by blocking
certain trophic factor-initiated signalling pathways
[21–23]. Therefore, it is increasingly believed that MSCs
do not need to engraft in the host tissue to generate a
beneficial (structural or functional) response to cellular
therapy.

Results and mechanisms of action

Because of limited space, not all the available studies are
discussed in full. We selected studies representing impor-
tant advances in SC therapy for ED, both in efficacy and
in understanding the mechanism of action of cellular
therapy. However, all SC studies that were identified
using the search criteria noted above are summarised
in Table 1 [22–45].
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CNI

Bochinski et al. [24] reported the first attempt to use SCs
to restore erectile function after CNI. They injected neu-
ral ESCs labelled with green fluorescent protein either
into the CC or next to the major pelvic ganglion
(MPG, in which the cell bodies of the cavernous neurons
are located, in the rat). These authors reported a signif-
icant improvement in erectile function. In the treated
groups, staining for neurofilament and neuronal NOS
(nNOS) showed greater neuro-regeneration or nerve
preservation than in injured controls. Of interest, in
both treated groups there was no direct evidence of en-
grafted SCs after harvesting the tissue. The authors sug-
gested that transplanted SCs might not require
prolonged residence in the tissue to exert their function.
Instead, the mechanism of action might have been by
growth factor expression, inhibition of demyelination,
or as an initial lattice of cellular substrate. Kendirci
et al. [32] replicated these results by injecting the CC
of rats after CNI with BMSCs expressing selected neu-
rotrophin receptors. There was an improvement in erec-
tile function and increased erectile responses to
electrostimulation of the cavernous nerve at 4 weeks
after a CNI (crush) and injection with SCs. These
authors thus concluded that the nerves had regenerated.
These cells were also genetically labelled with GFP, and
engraftment in the erectile tissue was rare. The few en-
grafted cells had a fibroblast-like appearance, and did
not express any markers to confirm that transdifferenti-
ation had replaced dead or diseased host cells. Kendirci
et al. further found that these SCs were capable of
secreting large amounts of neurotrophic factors, a dis-
covery that was later confirmed in ADSCs in vitro by
Zhang et al. [46]. Albersen et al. [21] tested the applica-
tion of ADSCs in the CNI rat model. Besides ADSCs,
they injected the CC of another group of rats with
ADSC-derived lysate. Lysate treatment exposes injured
tissues to soluble factors contained in ADSCs, without
allowing live cells to directly act on the host tissue
[47]. In that study, both ADSCs and ADSC-lysate im-
proved the erectile responses to cavernous nerve stimu-
lation at 4 weeks after injection, and both therapies
partly restored the smooth muscle content of the penis,
decreased CC fibrosis, and importantly, restored nNOS
expression in the dorsal penile nerves. In agreement with
previous studies, few engrafted ADSCs (which were
marked with the fluorescent thymidine analogue EdU)
were detected in the CC after 4 weeks. The combination
of a lack of engraftment and the beneficial effects of ly-
sate injection provided evidence for paracrine interac-
tions between ADSCs and host tissue. These results
mark a change in the understanding of the mechanisms
of action of SC therapy, as it was previously thought
that SCs have the potential to engraft in, and repopu-
late, diseased target organs [48].

The absence of injected SCs in the penis of these rats
raised the question of what the fate of these cells might
be after they had disappeared from the CC [11,34,36].
Because the CC is a highly perfused structure (and is
essentially a modified blood vessel [49]), it is probable
that injected SCs are flushed out and reach the systemic
circulation soon after the injection. This hypothesis was
tested by Fandel et al. [34] and Lin et al. [36], who la-
belled ADSCs with EdU and examined the behaviour
and migration of these cells after injection into the
CC. The ADSCs disappeared quickly from the CC
and reached either a niche resembling their usual site
(the perivascular space in the bone marrow) or the
MPG. Interestingly, in those rats in which there was
migration towards the MPG there was a time-dependent
increase in penile nNOS levels, suggesting that the
migration of ADSCs towards the injured MPG was
essential for neuro-regeneration. Qiu et al. [38] reported
similar beneficial functional effects, and the migration of
SCs towards the MPG after pelvic irradiation in rats as
a model of ED induced by radiation. Another recent
study of Qiu et al. [18] showed the potential for clinical
translation of these findings, in that autologous adipose
SVF could improve erectile function and preserve neu-
ro-anatomical integrity in a long-term study (3 months).

Diabetes, ageing and metabolic syndrome

In ED induced by chronic disease processes there have
been different results. First, the migratory behaviour
of SCs has not been investigated. However, it is likely
that in the absence of an acute event such as an injury
(and thus in the absence of local chemoattractant re-
lease), SCs are less likely to migrate to certain tissues
to aid in the regenerative process [11]. It can be hypoth-
esised that these cells are distributed throughout the
body and ameliorate the systemic disease state, and in
that way also improve symptoms such as ED. Support-
ing this hypothesis is a human trial using umbilical cord
SCs for diabetes-related ED in seven patients. After an
intracavernous transplant with these cells, blood glucose
levels decreased, anti-diabetic medication dosages were
reduced, and glycosylated haemoglobin levels improved
for up to 4 months [50].

Second, there was engraftment and differentiation of
injected SCs in the CC in some studies, although the
methods for detecting cells vary between studies in terms
of reliability and sensitivity to erroneous interpretation
[49]. Furthermore, the extent to which this incorpora-
tion of cells contributes to the cure of ED remains
controversial.

Ageing

A study by Bivalacqua et al. [26], involving intracavern-
ous injections with BMSCs alone or with BMSCs



Table 1 An overview of preclinical SC studies targeting ED (adapted from [11]). The erectile function was improved in all studies.

Ref. Pathophysiology Type of SC Time of evaluation Tissue/molecular effects

[24] CNI (rat) Neuronal ESC 3 months Improved neurofilament staining in dorsal and cavernous nerves.

No evidence of incorporation of SCs

[25] CNI (crush, rat) MDSC 2 + 4 weeks Increased cavernous level of axonal marker. Persistent LacZ

expression (used as cell marker)

[26] Ageing (rat) BMSC or BMSC modified

with eNOS

7 + 21 days Cells expressing LacZ found in erectile tissue up to 21 days.

Increased eNOS expression and activity, increased cGMP levels

[27] Ageing (rat) MDSC 2 + 4 weeks Co-location of DAPI, a-smooth muscle actin and smoothelin

Increased a-smooth muscle actin

[28] CN resection (rat) Bone marrow mononuclear fraction 3 + 5 weeks Improved nNOS and eNOS levels, decreased apoptosis

[29] Ageing (rat) BMSC 3, 4 weeks,

3 + 4 months

Increased cGMP in CC, markedly dilated sinusoidal spaces in the CC

[30] DM type II (rat) ADSC 3 weeks Increased nNOS levels in dorsal penile nerve endothelial cells in CC. No significant SC incorporation

[31] Hyperlipidaemia (rat) ADSC 4 weeks Increased nNOS levels in dorsal penile nerve and endothelial cells in CC. No significant SC incorporation

[32] CNI (crush, rat) BMSC selected for p75 neurotrophin 4 weeks Rare long-term engraftment of GFP-positive cells, showing mesenchymal morphology (no receptor

expression or differentiation)

[21] CNI (crush, rat) ADSC or ADSC-derived lysate 4 weeks Preservation of nNOS and smooth muscle content in the penis

Prevention of cavernous fibrosis. No significant cell incorporation

[33] Diabetes type I (rat) BMSC 4 weeks Increased smooth muscle and endothelial markers. Few CM-DiI (cell marker)-positive cells at 4 weeks

co-located with smooth muscle and endothelial markers

[34] CNI (crush, rat) ADSC 1,3,7,28 days Increased smooth muscle: collagen ratio in the erectile tissue + time-dependent increase in nNOS

expression in dorsal nerve after intracavernous injection. Injected cells recruited to the MPG in injured

rats, not in sham, soon after injury, but not permanently engrafted

[35] CNI (crush, rat) MDSC 4 weeks Increased cGMP levels in penile tissue

[36] CNI (crush, rat) ADSC 2 or 7 days Both autologous and allogeneic ADSCs exit the CC within days of injection and CNI; migrates

preferentially towards bone marrow

[37] Diabetes type I (rat) BMSC 4 weeks Increased smooth muscle and endothelial markers. Enhanced penile VEGF expression

[18] CNI (crush, rat) SVF 3 months Improved nNOS and neurofilament staining in the dorsal penile nerve. Improved smooth muscle/collagen

ratio in erectile tissue

[38] Pelvic irradiation ADSC 6 weeks Improved nNOS expression in dorsal penile nerve and MPG, improved smooth muscle content, EdU

(cell marker)-positive cells migrated into the MPG

[39] CNI (crush, rat) BMSC 4 weeks Improved nNOS and eNOS levels

[22] Diabetes type I (rat) BMSC or BMSC-conditioned

culture medium

4 weeks In-vitro: secretion of neurotrophic molecules by BMSC. Invivo: improved nNOS and neurofilament

staining in the dorsal penile nerve. Time-dependent decrease in number of BMSCs in CC after injection

[40] CNI (crush, rat) ADSC embedded in a BDNF

membrane

4 weeks Increased smooth muscle/collagen ratio, nNOS content, phospho-eNOS protein expression, and cGMP level

[41] Diabetes type I (rat) ADSC 4 weeks This result absent after genetic knock-down of andromedullin Increased VE-cadherin and eNOS.

[23] Diabetes type [1] SVF 2 weeks This result

absent after

adding a VEGF

blocker.

Increased eNOS

(mouse) phosphorylation, and cGMP expression. Increased cavernous

VEGF-A expression

[42] CNI (crush, rat) ADSC 3 months Increased nNOS levels

[43] CNI (crush, rat) ADSC in NGF-hydrogel 4 weeks Increased smooth muscle content, increased eNOS levels

[44] CNI (crush, rat) BMSC 4 weeks Improved smooth muscle content, improved nNOS expression

[45] CNI (crush, rat) ADSC 4 weeks Improved smooth muscle content

BDNF, bone-derived neurotrophic factor; VEGF, vascular endothelial growth factor.
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modified by endothelial NOS (eNOS) in rats with age-
ing-associated ED, showed an improvement in erectile
function. Based on the immunohistochemistry results
showing smooth-muscle markers and endothelial mark-
ers co-locating with the SC label, the authors concluded
that the mechanism of action involved the incorporation
and differentiation of the injected SCs into host tissue
cells. These findings were confirmed by Abdel-Aziz
et al. [29], who traced GFP-labelled BMSCs back to
the CC at 3–4 months after injection. However, this
group did not investigate the differentiation of BMSCs
into host cell types such as endothelium. Nolazco et al.
[27] injected MDSCs into the penis of aged rats, after
which there was activation of a-smooth muscle actin
promoter, suggesting the conversion of these cells into
smooth muscle-like cells, or at least an activation of
the motility and contractility properties of these injected
cells. These authors confirmed this hypothesis with
immunofluorescence imaging, reporting the complete
co-location of smooth muscle actin and the nuclear stain
with which the injected cells were labelled (DAPI), lead-
ing them to conclude that SCs could replace cavernous
smooth muscle cells that are lost or functionally dam-
aged in the penis during the ageing process, and by
doing so, restore the normal compliance of the tissue.
However, it is very unlikely that injected SCs would be
able to completely replace the smooth muscle compart-
ment (there was a total overlap in DAPI and smooth
muscle staining). This observation might be a result of
using DAPI as a tracking label, as it does not penetrate
the intact membrane of living cells well [49]. Further-
more, DAPI binds DNA non-covalently and thus can
leak from the labelled cells after transplantation and
be adsorbed by host cells, resulting in a false-positive
detection. Nonetheless, there was a functional improve-
ment, which might be explained by other processes, such
as a paracrine induction of regeneration, rather than
incorporation and differentiation [20].

Diabetes and metabolic syndrome

Both BMSCs and ADSCs have been extensively investi-
gated in diabetic animals. Sun et al. [22] and Qiu et al.
[33] showed that injection with uncommitted BMSCs
into the CC results in increased erectile function on stim-
ulating the cavernous nerve, compared with untreated
diabetic controls. The authors claimed that this effect
was the result of an increased content of endothelium
and smooth muscle in the CC. They also reported
elevated levels of the neuronal markers for nNOS and
neurofilament in dorsal penile nerves. Similar to how
Albersen et al. [21] had approached paracrine mecha-
nisms in the CNI rat model, this group was able to
partly replicate the beneficial effects of SC injection by
an injection with BMSC-conditioned medium, indicat-
ing that paracrine interactions of cells with the host
tissue might also have a role in the diabetic model

[22]. These authors attributed the effects to a cocktail
of neurotrophins, which were present at high levels in
the conditioned medium. The same authors also evalu-
ated the number of SCs that remained in the CC, and
concluded that SCs disappeared from the penis soon
after (within days) injection. At 4 weeks after injection,
there were almost no labelled cells in the CC of these
rats, supporting their statement on possible paracrine
mechanisms of action. Also Garcia et al. [30] and Huang
et al. [31] reported improved erectile function in the ab-
sence of significant cell incorporation in animal models
of type 2 diabetes and hyperlipidaemia, respectively,
after an intracorporeal injection with ADSCs. Thus,
whereas in CNI the mechanisms of action of SC therapy
for ED are becoming clear, there is still debate on the
role that SCs might have in the cure of ED in diseases
with no acute cause of onset. In ageing, some authors
reported cell incorporation, while in diabetes and meta-
bolic syndrome, convincing evidence for cell engraft-
ment remains scarce.

PD

Castiglione et al. [51] were the first to report the poten-
tial benefit of ADSCs in PD. They injected xenogeneic
(human) ADSCs into the tunica albuginea of rats with
experimentally induced PD, during the acute phase of
the disease. Local injection into the site of inflammation
resulted in the prevention of elastosis and fibrosis of the
tunica, and interestingly, rescued the erectile function in
these rats, as shown by a complete restoration of the
intracavernous pressure increase during electrostimula-
tion of the cavernous nerve at 5 weeks after injection.
After 5 weeks, only a few labelled ADSCs were found
in the penises of the treated rats. While this study pro-
vided a ‘proof of principle’ for the efficacy of SCs in
treating PD, most patients present to their healthcare
provider with later stages of PD, and thus these results
cannot be directly translated into a clinical application
[52]. However, Ferretti et al. [53] targeted the disease
in the chronic phase and injected autologous ADSCs
into rats with established Peyronie’s plaques and penile
curvature, in a novel model for PD established by their
laboratory. These authors showed that injection with
SCs into the plaque after mechanical penile remodelling
resulted in decreased penile curvature at 2 months after
the injection. It was proposed that neo-angiogenesis is a
potential mechanism that could explain this phenome-
non. These two studies hint at a novel application of
SC therapy within the field of ED, and although only
providing a ‘proof of concept’ to date, might provide fu-
ture hope for men dealing with this difficult-to-treat dis-
ease. However, more work is needed both in the
translational plane and in elucidating how these effects
are established. Most preclinical studies in other diseases
linked to inflammation and fibrosis suggest that there is
immunomodulation, thereby limiting the host response
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to injury and preventing the onset of fibrosis. Another
proposed mechanism is the induction of phenotypical
changes in resident fibroblasts, shown by reduced colla-
gen and increased hyaluronic acid production in fibro-
blasts co-cultured with MSCs [51]. Furthermore, the
direct interaction of MSCs with the extracellular matrix
has been proposed, based on their ability to secrete ma-
trix-modulating enzymes [54].

Conclusions and future perspectives

The rapidly expanding and highly promising body of
preclinical work in SC medicine providing a potential
cure for ED, rather than merely symptom relief, is indic-
ative of the interest that has arisen for regenerative
options in sexual medicine over the past decade. Com-
pany interest and the emergence of two large clinical
trials aimed at testing SC therapy in men with ED
further substantiate the promise of these novel treat-
ment strategies. The results of these two trials, one test-
ing ADSCs and one testing BMSCs, are eagerly awaited
and expected to appear within the next 2–3 years, but
the convincing results acquired in the animal studies
worldwide provide great hope that we can cure patients
with ED, or at least render PDE5i-nonresponders
responsive to oral medication, within the next decade.

Conflict of interest

None.

Source of Funding

None.

References

[1] NIH Consensus Conference. Impotence. NIH consensus devel-

opment panel on impotence. JAMA 1993;270:83–90.

[2] Albersen M, Shindel AW, Mwamukonda KB, Lue TF. The future

is today. Emerging drugs for the treatment of erectile dysfunction.

Expert Opin. Emerg. Drugs 2010;15:467–80.

[3] Gratzke C, Angulo J, Chitaley K, Dai Y-T, Kim NN, Paick J-S,

et al. Anatomy, physiology, and pathophysiology of erectile

dysfunction. J. Sex. Med. 2010;7:445–75.

[4] Shin D, Pregenzer G, Gardin JM. Erectile dysfunction: a disease

marker for cardiovascular disease. Cardiology 2011;19:5–11.

[5] Mulhall JP, Bivalacqua TJ, Becher EF. Standard operating

procedure for the preservation of erectile function outcomes after

radical prostatectomy. J. Sex. Med. 2012;10:195–203.

[6] Albersen M, Joniau S, Claes H, Van Poppel H. Preclinical

evidence for the benefits of penile rehabilitation therapy following

nerve-sparing radical prostatectomy. Adv. Urol. 2008;594868.

[7] Albersen M, Kendirci M, Van der Aa F, Hellstrom WJG, Lue

JL, Spees JL. Multipotent stromal cell therapy for cavernous

nerve injury-induced erectile dysfunction. J. Sex. Med.

2012;9:385–403.

[8] Boolell M, Allen MJ, Ballard SA, Gepi-Attee S, Muirhead GJ,

Naylor AM, et al. Sildenafil. An orally active type 5 cyclic GMP-

specific phosphodiesterase inhibitor for the treatment of penile

erectile dysfunction. Int. J. Impotence Res. 1996;8:47–52.

[9] Albersen M, Linsen L, Tinel H, Sandner P, Van Renterghem K.

Synergistic effects of BAY 60–4552 and vardenafil on relaxation

of corpus cavernosum tissue of patients with erectile dysfunction

and clinical phosphodiesterase type 5 inhibitor failure. J. Sex.

Med. 2013;10:1268–77.

[10] Hatzimouratidis K, Hatzichristou D. Phosphodiesterase type 5

inhibitors: the day after. Eur. Urol. 2007;51:75–88.

[11] Hakim L, Van der Aa F, Bivalacqua TJ, Hedlund P, Albersen M.

Emerging tools for erectile dysfunction: a role for regenerative

medicine. Nat. Rev. Urol. 2012;9:520–36.

[12] Hanson-Divers C, Jackson SE, Lue TF, Crawford SY, Rosen RC.

Health outcomes variables important to patients in the treatment

of erectile dysfunction. J. Urol. 1998;159:1541–7.

[13] Zhang H, Albersen M, Jin X, Lin G. Stem cells. Novel players in

the treatment of erectile dysfunction. Asian J. Androl.

2011;14:145–55.

[14] Jankowski RJ, Deasy BM, Huard J. Muscle-derived stem cells.

Gene Ther. 2002;9:642–7.

[15] Dominici M, Le Blanc K, Mueller I, Slaper-Cortenbach I, Marini

D, Krause D, et al. Minimal criteria for defining multipotent

mesenchymal stromal cells. The international society for cellular

therapy position statement. Cytotherapy 2006;8:315–7.

[16] Casteilla L, Planat-Benard V, Laharrague P, Cousin B. Adipose-

derived stromal cells. Their identity and uses in clinical trials, an

update. World J. Stem Cell 2011;3:25–33.

[17] Gimble JM, Bunnell BA, Chiu ES, Guilak F. Concise review of

adipose-derived stromal vascular fraction cells and stem cells: let’s

not get lost in translation. Stem cell 2011;29:749–54.

[18] Qiu X, Fandel TM, Ferretti L, Albersen M, Orabi H, Zhang H,

et al. Both immediate and delayed intracavernous injection of

autologous adipose-derived stromal vascular fraction enhances

recovery of erectile function in a rat model of cavernous nerve

injury. Eur. Urol. 2012;62:720–7.

[19] Crisostomo PR, Markel TA, Wang Y, Meldrum DR. Surgically

relevantaspectsofstemcellparacrineeffects.Surgery2008;143:577–81.

[20] Baraniak PR, McDevitt TC. Stem cell paracrine actions and

tissue regeneration. Regener. Med. 2010;5:121–43.

[21] Albersen M, Fandel TM, Lin G, Wang G, Banie L, Lin C-S,

et al. Injections of adipose tissue-derived stem cells and stem cell

lysate improve recovery of erectile function in a rat model of

cavernous nerve injury. J. Sex. Med. 2010;7:3331–40.

[22] Sun C, Lin H, Yu W, Li X, Chen Y, Qiu X, et al. Neurotrophic

effect of bone marrow mesenchymal stem cells for erectile

dysfunction in diabetic rats. Int. J. Androl. 2012;35:601–7.

[23] Ryu J-K, Tumurbaatar M, Jin H-R, Kim WJ, Kwon M-H, Piao

S, et al. Intracavernous delivery of freshly isolated stromal

vascular fraction rescues erectile function by enhancing endothe-

lial regeneration in the streptozotocin-induced diabetic mouse. J.

Sex. Med. 2012;9:3051–65.

[24] Bochinski D, Lin GT, Nunes L, Carrion R, Rahman N, Lin CS,

et al. The effect of neural embryonic stem cell therapy in a rat

model of cavernosal nerve injury. BJU Int. 2004;94:904–9.

[25] Kim Y, de Miguel F, Usiene I, Kwon D, Yoshimura N, Huard J,

et al. Injection of skeletal muscle-derived cells into the penis

improves erectile function. Int. J. Impotence Res. 2006;18:329–34.

[26] Bivalacqua TJ, Deng W, Kendirci M, Usta MF, Robinson C,

Taylor BK, et al. Mesenchymal stem cells alone or ex vivo gene

modified with endothelial nitric oxide synthase reverse age-

associated erectile dysfunction. Am. J. Physiol. Heart Circ.

Physiol. 2007;292:H1278–90.

[27] Nolazco G, Kovanecz I, Vernet D, Gelfand R, Tsao J, Ferrini

MG, et al. Effect of muscle-derived stem cells on the restoration

of corpora cavernosa smooth muscle and erectile function in the

aged rat. BJU Int. 2008;101:1156–64.

[28] Fall PA, Izikki M, Tu L, Swieb S, Giuliano F, Bernabe J, et al.

Apoptosis and effects of intracavernous bone marrow cell

injection in a rat model of postprostatectomy erectile dysfunction.

Eur. Urol. 2009;56:716–25.

http://refhub.elsevier.com/S2090-598X(13)00088-0/h0265
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0265
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0010
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0010
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0010
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0015
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0015
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0015
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0020
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0020
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0025
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0025
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0025
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0030
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0030
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0030
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0035
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0035
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0035
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0035
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0040
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0040
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0040
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0040
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0045
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0045
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0045
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0045
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0045
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0050
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0050
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0055
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0055
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0055
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0060
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0060
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0060
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0065
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0065
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0065
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0070
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0070
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0075
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0075
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0075
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0075
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0080
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0080
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0080
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0270
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0270
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0270
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0085
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0085
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0085
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0085
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0085
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0090
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0090
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0095
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0095
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0100
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0100
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0100
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0100
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0105
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0105
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0105
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0110
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0110
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0110
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0110
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0110
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0115
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0115
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0115
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0120
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0120
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0120
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0125
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0125
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0125
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0125
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0125
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0130
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0130
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0130
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0130
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0135
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0135
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0135
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0135


[29] Abdel Aziz MT, El-Haggar S, Mostafa T, Atta H, Fouad H,

Mahfouz S, et al. Effect of mesenchymal stem cell penile

transplantation on erectile signaling of aged rats. Andrologia

2010;42:187–92.

[30] Garcia MM, Fandel TM, Lin G, Shindel AW, Banie L, Lin C-S,

et al. 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.

[31] Huang Y-C, Ning H, Shindel AW, Fandel TM, Lin G, Harraz

AM, et al. The effect of intracavernous injection of adipose

tissue-derived stem cells on hyperlipidemia-associated erectile

dysfunction in a rat model. J. Sex. Med. 2010;7:1391–400.

[32] Kendirci M, Trost L, Bakondi B, Whitney MJ, Hellstrom WJG,

Spees JL. Transplantation of nonhematopoietic adult bone

marrow stem/progenitor cells isolated by p75 nerve growth factor

receptor into the penis rescues erectile function in a rat model of

cavernous nerve injury. J. Urol. 2010;184:1560–6.

[33] Qiu X, Lin H, Wang Y, Yu W, Chen Y, Wang R, et al.

Intracavernous transplantation of bone marrow-derived mesen-

chymal stem cells restores erectile function of streptozocin-

induced diabetic rats. J. Sex. Med. 2011;8:427–36.

[34] Fandel TM, Albersen M, Lin G, Qiu X, Ning H, Banie L, et al.

Recruitment of intracavernously injected adipose-derived stem

cells to the major pelvic ganglion improves erectile function in a

rat model of cavernous nerve injury. Eur. Urol. 2011;61:201–10.

[35] Woo JC, Bae WJ, Kim SJ, Kim SD, Sohn DW, Hong SH, et al.

Transplantation of muscle-derived stem cells into the corpus

cavernosum restores erectile function in a rat model of cavernous

nerve injury. Korean J. Urol. 2011;52:359–63.

[36] Lin G, Qiu X, Fandel T, Banie L, Wang G, Lue TF, et al.

Tracking intracavernously injected adipose-derived stem cells to

bone marrow. Int. J. Impotence Res. 2011;23:268–75.

[37] Qiu X, Sun C, Yu W, Lin H, Sun Z, Chen Y, et al. Combined

strategy of mesenchymal stem cell injection with vascular endo-

thelial growth factor gene therapy for the treatment of diabetes-

associated erectile dysfunction. J. Androl. 2012;33:37–44.

[38] Qiu X, Villalta J, Ferretti L, Fandel TM, Albersen M, Lin G,

et al. Effects of intravenous injection of adipose-derived stem

cells in a rat model of radiation therapy-induced erectile

dysfunction. J. Sex. Med. 2012;9:1834–41.

[39] Kim SJ, Park SH, Sung YC, Kim SW. Effect of mesenchymal

stem cells associated to matrixen on the erectile function in the rat

model with bilateral cavernous nerve crushing injury. Int. Braz. J.

Urol. 2012;38:833–41.

[40] Piao S, Kim IG, Lee JY, Hong SH, Kim SW, Hwang TK, et al.

Therapeutic effect of adipose-derived stem cells and BDNF-

immobilized PLGA membrane in a rat model of cavernous nerve

injury. J. Sex. Med. 2012;9:1968–79.

[41] Nishimatsu H, Suzuki E, Kumano S, Nomiya A, Liu M, Kume

H, et al. Adrenomedullin mediates adipose tissue-derived stem

cell-induced restoration of erectile function in diabetic rats. J.

Sex. Med. 2012;9:482–93.

[42] Ying C, Yang M, Zheng X, Hu W, Wang X. Effects of

intracavernous injection of adipose-derived stem cells on cavern-

ous nerve regeneration in a rat model. Cell. Mol. Neurobiol.

2013;33:233–40.

[43] Kim IG, Piao S, Lee JY, Hong SH, Hwang T-K, Kim SW, et al.

Effect of an adipose-derived stem cell and nerve growth factor-

incorporated hydrogel on recovery of erectile function in a rat

model of cavernous nerve injury. Tissue Eng. 2013;19:14–23.

[44] You D, Jang MJ, Lee J, Jeong IG, Kim HS, Moon KH, et al.

Periprostatic implantation of human bone marrow-derived mes-

enchymal stem cells potentiates recovery of erectile function by

intracavernosal injection in a rat model of cavernous nerve injury.

Urology 2013;81:104–10.

[45] You D, Jang MJ, Lee J, Suh N, Jeong IG, Sohn DW, et al.

Comparative analysis of periprostatic implantation and intracav-

ernosal injection of human adipose tissue-derived stem cells for

erectile function recovery in a rat model of cavernous nerve

injury. Prostate 2013;73:278–86.

[46] Zhang H, Yang R, Wang Z, Lin G, Lue TF, Lin C-S. Adipose

tissue-derived stem cells secrete CXCL5 cytokine with neurotro-

phic effects on cavernous nerve regeneration. J. Sex. Med.

2011;8:437–46.

[47] Yeghiazarians Y, Zhang Y, Prasad M, Shih H, Saini SA,

Takagawa J, et al. Injection of bone marrow cell extract into

infarcted hearts results in functional improvement comparable to

intact cell therapy. Mol. Ther 2009;17:1250–6.

[48] Albersen M, Lue TF. Re. Transplantation of nonhematopoietic

adult bone marrow stem/progenitor cells isolated by p75 nerve

growth factor receptor into the penis rescues erectile function in a

rat model of cavernous nerve injury. M. Kendirci, L. Trost, B.

Bakondi, M. J. Whitne. J. Urol. 2011; 185: 1158–9; author reply

1159–61.

[49] Cellek S, Bivalacqua TJ, Burnett AL, Chitaley K, Lin C-S.

Common pitfalls in some of the experimental studies in erectile

function and dysfunction: a consensus article. J. Sex. Med.

2012;9:2770–84.

[50] Bahk JY, Jung JH, Han H, Min SK, Lee YS. Treatment of

diabetic impotence with umbilical cord blood stem cell intracav-

ernosal transplant: preliminary report of 7 cases. Exp. Clin.

Transplant. 2010;8:150–60.

[51] Castiglione F, Hedlund P, Van der Aa F, Bivalacqua TJ, Rigatti

H, Van Poppel H, et al. Intratunical injection of human adipose

tissue-derived stem cells prevents fibrosis and is associated with

improved erectile function in a rat model of Peyronie’s disease.

Eur. Urol. 2013;63:551–60.

[52] Lin C-S, Lue TF. Adipose-derived stem cells for the treatment of

Peyronie’s disease? Eur. Urol. 2013;63:561–2.

[53] Ferretti L, Qiu X, Fandel TM, Orabi H, Banie L, Lin G, et al.

Stem cell therapy for peyronie’s disease. morphological and

functional outcomes of intraplaque injection of adipose-derived

stem cells on a rat model of peyronie’s disease. J. Sex. Med.

2012;9(Suppl. 5):311–2.

[54] Salgado AJ, Reis RL, Sousa NJ, Gimble JM. Adipose tissue

derived stem cells secretome. Soluble factors and their roles in

regenerative medicine. Curr. Stem Cell Res. Ther. 2010;

5:103–10.

244 Albersen et al.

http://refhub.elsevier.com/S2090-598X(13)00088-0/h0140
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0140
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0140
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0140
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0145
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0145
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0145
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0145
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0150
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0150
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0150
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0150
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0155
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0155
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0155
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0155
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0155
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0160
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0160
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0160
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0160
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0165
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0165
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0165
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0165
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0170
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0170
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0170
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0170
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0175
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0175
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0175
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0180
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0180
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0180
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0180
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0185
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0185
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0185
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0185
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0190
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0190
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0190
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0190
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0195
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0195
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0195
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0195
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0200
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0200
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0200
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0200
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0205
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0205
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0205
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0205
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0210
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0210
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0210
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0210
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0215
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0215
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0215
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0215
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0215
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0220
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0220
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0220
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0220
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0220
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0225
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0225
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0225
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0225
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0230
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0230
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0230
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0230
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0235
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0235
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0235
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0235
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0240
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0240
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0240
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0240
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0245
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0245
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0245
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0245
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0245
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0250
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0250
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0255
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0255
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0255
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0255
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0255
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0260
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0260
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0260
http://refhub.elsevier.com/S2090-598X(13)00088-0/h0260

	Stem-cell therapy for erectile dysfunction
	Introduction
	Stem cells
	SC types
	Results and mechanisms of action
	CNI
	Diabetes, ageing and metabolic syndrome
	Ageing
	Diabetes and metabolic syndrome

	PD
	Conclusions and future perspectives
	Conflict of interest
	Source of Funding
	References


