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Cell Therapy for Stress Urinary Incontinence

Melanie L. Hart, PhD,1 Ander Izeta, PhD,2 Bernardo Herrera-Imbroda, MD,3

Bastian Amend, MD,4 and Jan E. Brinchmann, MD, PhD5,6

Urinary incontinence (UI) is the involuntary loss of urine and is a common condition in middle-aged and elderly
women and men. Stress urinary incontinence (SUI) is caused by leakage of urine when coughing, sneezing,
laughing, lifting, and exercise, even standing leads to increased intra-abdominal pressure. Other types of UI also
exist such as urge incontinence (also called overactive bladder), which is a strong and unexpected sudden urge
to urinate, mixed forms of UI that result in symptoms of both urge and stress incontinence, and functional
incontinence caused by reduced mobility, cognitive impairment, or neuromuscular limitations that impair
mobility or dexterity. However, for many SUI patients, there is significant loss of urethral sphincter muscle due
to degeneration of tissue, the strain and trauma of pregnancy and childbirth, or injury acquired during surgery.
Hence, for individuals with SUI, a cell-based therapeutic approach to regenerate the sphincter muscle offers the
advantage of treating the cause rather than the symptoms. We discuss current clinically relevant cell therapy
approaches for regeneration of the external urethral sphincter (striated muscle), internal urethral sphincter
(smooth muscle), the neuromuscular synapse, and blood supply. The use of mesenchymal stromal/stem cells is a
major step in the right direction, but they may not be enough for regeneration of all components of the urethral
sphincter. Inclusion of other cell types or biomaterials may also be necessary to enhance integration and
survival of the transplanted cells.

Introduction

Urinary incontinence (UI), or involuntary loss of ur-
ine, is one of the most prevalent pelvic floor disorders,

affecting 15–30% of elderly individuals in the community
and 50% of those living in nursing homes.1 It seriously
affects the quality of life of an individual by causing psy-
chological distress, anxiety, and sometimes depression2–4

and causes a considerable economic burden on our society.5

UI is approximately twice as prevalent in women as in men,
with female UI prevalence between 23–44% of the general
population.1,6

UI can be classified into urge UI (UUI), stress UI (SUI),
and a mixed form of the two (MUI). UUI describes a con-
dition where the bladder muscle is overactive and contracts
and squeezes out urine even though the bladder is not filled.
It may be caused by injury or disease to the central or peripheral
nervous system or by infectious or neoplastic conditions of the
bladder, although in many cases, a cause is not found. SUI, the
focus of this review, is characterized by the involuntary loss of
urine as a result of an increase in intravesical pressure

with activities which increase abdominal pressure, such as
coughing, sneezing, lifting, and even standing.

SUI is the most common type of UI, affecting 50–86% of
incontinent women either alone or in combination with UUI
(36%).7,8 Risk factors for female SUI include pregnancy,
childbirth, obesity, surgery to the pelvic floor, and aging.9

Male SUI is most commonly due to sphincter damage fol-
lowing prostate surgery or radiation therapy and, on aver-
age, affects approximately 30% of these patients.10–14 In
addition to loss of sphincter muscle, SUI may also be caused
by injury to the supplying nerves.15–17 MUI results in
symptoms of both stress and urge incontinence. Other types
of UI also exist such as functional incontinence, which is
due to the inability to hold urine due to reasons other than
neurourologic or lower urinary tract dysfunction. There are
many possible causes of functional incontinence, including
cognitive impairment (e.g., dementia), reduced mobility, or
neuromuscular limitations that impair mobility or dexterity.

The pathogenic loss of sphincter muscle observed in
many patients with SUI will likely be most amenable to cell
therapy. Thus, to understand how we can treat SUI through a
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cellular approach, we need to understand the tissues that make
up the urethral sphincter (US). The US is made of the external
urethral and internal urethral sphincters (EUS and IUS).

The EUS (rhabdosphincter) consists of striated muscle
fibers. In males, it covers the inferior part of the prostate and
surrounds the membranous urethra.18 In females, it begins at
the inferior end of the bladder, but is most prominent around
the middle third of the urethra.19,20 The EUS is made of a

circular muscle in the middle and strap-like muscles distally
and surrounds the IUS (Fig. 1).19,20 The IUS (Fig. 2) consists
of an outer circular layer and an inner longitudinal layer,
which form a horseshoe-like arrangement that is continuous
with the smooth muscle fibers of the bladder.21 The two layers
of the IUS have opposing functionalities: the longitudinal
smooth muscle contracts during excretion of urine, whereas
the circular smooth muscle contracts to maintain continence.22

Innervation occurs through the parasympathetic pelvic
nerves, the sympathetic hypogastric nerve, and somatic
pudendal nerves (Fig. 3).23 The sympathetic nervous system
maintains persistent tonic contractions of the circular part of
the IUS at rest, while the parasympathetic nervous system
relaxes the circular part and contracts the longitudinal part
of the IUS during micturition.24 The EUS is under voluntary
motor control through the somatic nervous system23,24

through the pudendal nerve (Fig. 1). In males, contraction of
the EUS forms a very efficient closure mechanism because it
not only constricts but also kinks the urethra.25 In females,
the EUS exerts a coordinated action with the levator ani and
puborectalis for urethral closure.26

The role of urethral vascularity is also recognized as a
crucial component for the maintenance of urinary conti-
nence, although mechanistic understanding is currently
lacking.27 On a macroscopic level, it is known that a vas-
cular plexus is situated below the urethral mucosa. These
vessels surround the female urethra throughout its length
and contribute to continence by joining together the mucosal

FIG. 1. Urethral sphincter biopsy showing the external
urethral sphincter (EUS) from a male human donor. (A)
Hematoxylin and eosin (H&E) stain, in which striated
muscle (StrM) fibers are observed circumferential to the
epithelium of the membranous urethra (urethra) (40 · ). (B)
Higher magnification (100 · ) of the striated muscle area.
Images obtained by the Pathological and Urology Unit,
Virgen de la Victoria Hospital, Málaga (Hierro-Martin I;
Lara MF; Herrera-Imbroda A). Scale bars, 200mm. Color
images available online at www.liebertpub.com/teb

FIG. 2. Urethral sphincter biopsy showing the internal urethral sphincter (IUS) from a male human donor. The longi-
tudinal smooth muscle (SmoM) is observed below the bladder detrusor. The smooth muscle is located between the circular
striated muscle fibers (StrM) and the prostate (Pro). Images show H&E staining (A, B), Masson trichromic staining (C, D),
smooth muscle-specific caldesmon staining (E, F), general muscle stain of desmin (G, H), smooth muscle-specific a smooth
muscle actin (aSMA, I, J), and striated muscle-specific myoglobin staining (K, L). Images obtained by the Pathological and
Urology Unit, Virgen de la Victoria Hospital, Málaga (Hierro-Martin I; Lara MF; Herrera-Imbroda B). Images: 40 · and
100 · , respectively. Scale bars, 200 mm. Color images available online at www.liebertpub.com/teb

366 HART ET AL.



surfaces.28 At this time, the vascular plexus is not a target
for cell-based strategies for treatment of SUI and will only
be briefly addressed in this review.

Although only briefly discussed here, it is apparent that
different types of tissues and hence cells make up the US
complex and SUI can result from multiple etiologies and
pathophysiological processes. For this reason, there are
different strategies and opinions for the best cell therapy
approach for treatment of SUI. Because of this complexity,
the authors of this review were chosen from members of the
European Cooperation in Science and Technology (COST)-
funded Action Regenerative Sphincter Therapy (ReST).

The objective of ReST is to bring together international
experts with different perspectives and areas of expertise
with the aim of harmonizing and ultimately determining the
best cell-based approach to regeneration of the US. The
sections of this review were written according to the indi-
vidual members’ expertise, while the topics were chosen
based on their relevance toward basic science practicability
and clinical applicability. This review is unique because it
discusses the pros and cons of up-to-date, clinically relevant
cell therapy approaches for regeneration of the external
urethral sphincter (striated muscle), internal urethral sphinc-
ter (smooth muscle), the neuromuscular synapse, and blood
supply. We also propose challenges that the cells face within
the microenvironment of the sphincter complex and current
literature on how to overcome these challenges.

Cell Therapy Approaches for Regeneration
of the Smooth and Striated Muscles
of the Urethral Sphincter

The majority of current SUI treatments focus on urethral
support using, for example, a sling placed beneath the ure-

thra as a supporting hammock. The sling can correct poor
anatomic support of the urethra and may provide a degree of
compression to the urethra, but does not help with loss of
tissue. One of five women still have symptoms of SUI fol-
lowing urethral support surgery.27,28

The Research On Stress Incontinence Etiology (ROSE)
project revealed that the predominant factor associated with
SUI was loss of maximal urethral closure pressure more
often than loss of urethral support.29 Thus, regeneration of
the US may be a better therapeutic strategy since urethral
closure pressure is determined by the actions of the striated
muscle, smooth muscle, and the turgidity of the mucosal
vascular core.30,31 Furthermore, loss of US muscle tissue
due to damage, age, or apoptosis is known to be involved in
the etiology of most cases of SUI,32–36 indicating a need for
replacement of US tissues.

Striated Muscle

Cell-based regeneration of striated muscle has been ap-
proached a number of times, both at the preclinical and
clinical levels.37,38 Target conditions include not only de-
generative disorders such as skeletal muscular dystrophies38

but also cardiac malfunction.39 Most clinical attempts have
shown robust safety and feasibility so far, but with poor or
inconsistent efficacy.39–41 Among many possible factors, it
has been postulated that (i) donor and cell expansion issues
may have led to variability in stem cell potency,42,43 (ii) local
host tissue impairment may impede regeneration,42 and (iii)
there was a relatively poor rate of engraftment and survival
of myogenic cells compared with the vast amount of de-
generated tissue that had to be repaired.43 Thus, clinical trials
have generally failed to achieve measurable and reproduc-
ible efficacy outcomes.44–46

FIG. 3. Nerve supply
scheme of the EUS and IUS.
Color images available
online at www.liebertpub
.com/teb
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In contrast, the degenerated US might represent a unique
opportunity for skeletal muscle cell therapy to succeed since
the tissue volume to be regenerated is relatively small.47,48

However, the task is not without challenges. Cell therapy
approaches performed to date for SUI also have shown
moderate results,49,50 and we would like to propose here a
number of reasons why this would have been so as well as
discuss viable alternatives.

The choice of myogenic cells is crucial.51 In this review, we
will focus on the cells that are closest to clinical application,
that is, adult stem or precursor cells.52 We are aware that plu-
ripotent, stem cell-derived muscle progenitors might herald a
future medical revolution.53 Similarly, reprogramming strate-
gies through direct conversion of one cell type into another or
enhancement of endogenous tissue regenerative capacities
seem alternatives worth exploring experimentally.54 However,
there is a consensus in the field that these approaches are a
further few steps away from the clinic compared with adult
stem cells, mainly due to ethical and regulatory issues.55,56

In contrast, the safety profile of adult stem cells is very
good after thousands of applications of these cells into the
vasculature or tissues have been performed in diverse sets of
patients, with only circumstantial reports of serious adverse
events.57,58 Note, however, that longer patient follow-up is
needed to fully ascertain the possible tumorigenic potential
of these cells.59

Within adult tissues there are a number of cells with a
skeletal myogenic potential, as demonstrated in vitro, in an-
imal models and in humans; each with their own advan-
tages and disadvantages.57,60 The obvious first choice is stem/
precursor cells derived from the skeletal muscle itself. Satellite
cells, the resident stem cells within skeletal muscle, are
known to be responsible for physiological muscle regener-
ation throughout life.58,61 However, they are in short supply,
are not easily expanded ex vivo, and protocols for isolation
of pure cell populations are still under development.62

For these reasons, most clinical researchers have used
human myoblast cultures instead. These is a heterogeneous
mixture of cells arising from mature skeletal muscle biop-
sies, largely unpurified and often enriched by expression of
the cell surface marker, CD56.63 After an initial surge of
interest, myoblast cultures are now discarded as a clinical
alternative due to their poor outcomes in multiple trials of
skeletal and cardiac muscle-related disorders.40,57,64,65 For-
tunately, the reason for this lack of effectiveness seems to be
identified: in the cell expansion step that precedes clinical
use of satellite cell-derived myoblasts, the stem cell sub-
population responsible for in vivo regeneration becomes
lost.66–70 For this reason, major research efforts are now
focused on achieving expansion of bona fide human satellite
stem cells to modulate muscle atrophy in vivo or otherwise
achieve meaningful stem cell numbers for use in the clin-
ic.71,72 In mice, muscle tissue has been derived in vitro from
cells recovered from the dermal component of the skin73,74

and robust in vitro myogenic cell expansion and differen-
tiation has been achieved.75 However, the myogenic cells
were shown to originate from the underlying muscle (Izeta
A, unpublished data). Thus, although this particular cell
source may not be appropriate for clinical translation, a
technique for satellite stem cell expansion and skeletal
muscle engineering was established that may prove to be
useful also in the human system.

Early reports suggesting that bone marrow-derived cells
may regenerate damaged muscle after bone marrow trans-
plantation76,77 prompted investigators to explore myogenic
precursor cell sources other than the satellite cell.78–80 Al-
though subsets of these cell types, such as mesenchymal
stromal cells (MSCs), pericytes, and mesoangioblasts, re-
side in skeletal muscle and might present characteristics that
make them suitable for regenerative purposes,81–83 available
data must be interpreted with caution.

Physiologically unintended transdifferentiation of a small
number of cells into nascent or immature skeletal myotubes,
or even cell fusion events provoked by the surrounding
myogenic niche environment, have been reported as true and
meaningful in vivo muscular regeneration. Further complex-
ity is given by the fact that the MSC populations are het-
erogeneous,84,85 that MSCs from different sites have different
myogenic properties, and that they are context dependent
with regard to promoting muscle regeneration or fibrosis.86 At
this stage, we believe that more information about the myo-
genic differentiation capability of the various MSC popula-
tions is required and, in the meantime, striated muscle repair
is unlikely to be achieved using MSCs from any source.

Smooth Muscle

Various approaches have been used for cell-based regen-
eration of smooth muscle. Bladder smooth muscle cells
(SMCs) have been isolated from bladder biopsies and ex-
panded in culture to seed cell scaffolds to design engineered
bladder tissue.85 Although clinical trials using autologous
bladder SMCs show that such cell-based approaches appear
favorable for bladder tissue regeneration,87–89 bladder biop-
sies are impractical and may give rise to complications. Al-
ternatively, MSCs could be used to regenerate SMCs required
for repair of the IUS. Since 2010, a few human clinical trials
have investigated the use of human cord blood MSCs84 or
autologous adipose tissue-derived MSCs (AT-MSCs)85,90–92

in the treatment of SUI. Patient cohorts were very small. Still,
half of the patients, or more, showed an improvement in
continence and no significant adverse effects. Phase II clinical
trials using AT-MSCs are ongoing for the treatment of male
and female UI (www.clinicaltrials.gov).

Preparations of MSCs, including AT-MSCs,93–95 bone
marrow-derived stem cells (BMSCs),96–100 and human am-
niotic stem cells,100 have all been used in animal studies with
variable results to bolster smooth muscle regeneration and to
improve leak point pressures (LPPs) and urethral closure in
the context of US or bladder reconstruction. Some studies
have shown that BMSCs are capable of regenerating not only
smooth muscle layers99–105,107 but also striated muscle108,109

or nerve fibers97 in the US or bladder. However, some of
these data are disputable and, in some studies, further proof
of terminal differentiation is desirable. Accordingly, other
studies have shown that only a small portion of the injected
MSCs differentiate into SMCs.93,100 Differences may be due
to differences in the type of MSC used, in the model em-
ployed, or strategies for injection or implantation.

Another consideration is that in many in vitro studies or
preclinical animal models, smooth muscle formation has
been demonstrated by detection of alpha smooth muscle
actin (aSMA). Although aSMA is an early marker of de-
veloping smooth muscle, its expression alone does not
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provide evidence for a smooth muscle lineage. Many con-
tractile SMC mRNAs and proteins are found in undiffer-
entiated MSCs, including very high levels of mRNAs of the
aSMA gene, ACTA2.101–104 To establish formation of ma-
ture SMCs, not only an array of contractile markers needs to
be present, including aSMA, but also SM22, calponin,
caldesmon, and the more specific SMC markers, smoothelin
and smooth muscle MHC (SM-MHC, MYH11) (Fig. 2). SM-
MHC is one of the latest markers to appear in the contractile
phenotype and is considered specific in distinguishing the
SMC phenotype from other cells.105–107 Low levels of
MYH11mRNA are found in MSCs.101–104 Although this
suggests that MSCs have the potential to readily differentiate
into SMCs, requiring perhaps only signals from a smooth
muscle microenvironment, this also suggests that one needs to
be careful when interpreting the results.

In terms of future cell therapy for regeneration of smooth
muscle involving the US or bladder, it will be interesting to
see more in vitro and in vivo models that investigate smooth
muscle formation using a variety of contractile phenotypic
markers and additionally demonstrate a contractile function of
those SMCs or improvement of LPPs and urethral closure.

Another consideration is that SMCs possess a range of
phenotypes from a synthetic to a contractile type or a con-
tinuum between these forms.108–110 It is well known that
vascular SMCs have the ability to undergo phenotypic
modulation.108–110 The contractile SMCs have a complete
functional contractile apparatus and respond to signals such
as acetylcholine and norepinephrine, while the synthetic
form is more involved in protein synthesis and prolifera-
tion.108,109 Bladder SMCs have also been divided into
phasic and tonic subtypes based on membrane properties
and contractile behavior.111 To the best of our knowledge, it
is unclear if phenotypic subtypes and modulation between
those subtypes exist in US smooth muscle.

Although stem cells can be implanted directly into the
tissue where repair is needed, after injection, this method
relies on the surrounding cell- and tissue-based signals to
induce the stem cells to differentiate into the specific cells
required for regeneration. Some studies have shown that
only a small fraction of the injected undifferentiated MSCs
are differentiated into SMCs in situ.93,100,112

MSCs could alternatively be predifferentiated in vitro
before implantation. This step allows control over the sig-
nals required for SMC differentiation. Coculture of MSCs
with bladder SMCs or conditioned medium from those cells
has been used to differentiate MSCs into SMCs.95,99,113,114

It may be necessary to use a combination of factors to fully
optimize cell differentiation in vitro, including the use of
soluble factors such as transforming growth factor-b1 (TGF-
b1), extracellular matrices (ECM), and/or biomechanical
forces.113,115–124 Yet another approach may be to provide
bioactive substances in vivo that support longer survival and
differentiation of the stem cells. One way to do this would
be through the use of tissue-engineered biomaterials that
deliver and release MSCs or soluble growth factors.

Endothelial Cells

The goal for cell-based treatment strategies is to rebuild
sphincter muscle lost through degenerative mechanisms, ag-
ing, childbirth, trauma, or surgery. Still, there may be a place

for the use of endothelial cells (ECs) as part of a cell therapy
approach. First, for the newly generated muscle to survive, it
needs blood supply. It is possible that the injected cells, as
they integrate into the surrounding muscle tissue and then
further differentiate to form sphincter muscle, create an ische-
mic gradient, which leads to development of new vessels
from the walls of established vessels.125

By injecting in vitro-expanded ECs, preferably in com-
bination with MSCs acting as pericytes, this may form mi-
crovessels within the new muscle tissue that could be an
important contributing factor for cell survival and func-
tionality.126–128 Second, the presence of ECs together with
MSCs may promote survival and smooth muscle differen-
tiating capability of MSCs in vivo through cell–cell contact
and secretion of paracrine factors.129,130 Finally, enhanced
vascularization and innervation have repeatedly been shown
to promote satellite cell renewal and skeletal muscle re-
generation.131,132 Autologous ECs in numbers relevant for
clinical application may be obtained from adipose tissue or
peripheral blood.127,133

Regeneration of Nerves
and Neuromuscular Synapses

Another point to consider is the innervation component of
continence. A major postoperative complication of radical
prostatectomy is damage to the muscle–nerve–blood vessel
units around the urethra.134,135 Vaginal delivery also causes
varying degrees of neuromuscular damage.16 Although in
many women this issue is resolved postpartum, among
women who have full remission of SUI after childbirth,
almost half redevelop SUI 5 years later136 and many more
develop SUI decades later in menopause.137

Several studies have examined aspects of US innervation
following cell therapy of SUI. Muscle precursor cells in
combination with collagen as a carrier showed skeletal
muscle fiber formation, nerve development, and improved
urodynamics for up to 6 months in a sphincterotomy SUI
model.138 In an SUI model representing postoperative dam-
age after radical prostatectomy, transplantation of skeletal
muscle-derived multipotent cells into the damaged site re-
constituted muscle–nerve–blood vessel units and led to a
functional recovery in 78% of the rats at 12 weeks.139 In a
urethrolysis SUI model, BMSCs differentiated into striated
muscle cells and peripheral nerve cells in vivo, but had no
effect on urodynamics as measured by LPP.111 However,
once more, we urge caution in the interpretation of terminal
differentiation results until more stringent experimental
setups have been put to test.

Integration and Survival of Transplanted Cells

Regardless of the cell type used for cell therapy, the im-
planted cells will be affected by environmental clues within
the host tissue. In vitro, distinct stimuli can be used in a
controlled approach to direct cell fate. In vivo, cell fate and
function are largely dependent on the microenvironment
where the cell is localized. The ECM brings the cells to-
gether in a tissue, controls tissue structure, and regulates the
cell phenotype and shape.140–142 Cells bind to the ECM
through specific receptors and this binding can directly affect
cell function. Growth factors pass through the ECM and can
even be sequestered and released by the matrix. Mechanical
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signals, such as tension, compressive forces, or shear forces,
are also transmitted by the ECM to the cells through re-
ceptors that link the external environment to the cytoplasm
and cytoskeleton.

It has long been known that cell expansion on plastic
surfaces leads to upregulation of adhesion molecules and
changes in gene expression.143 These changes are the result
of adaptation to a state of high proliferative activity in two-
dimensional cell culture. One challenge of cell therapy is that
the cells need to quickly readapt to a state of lower or no
proliferative activity in a three-dimensional (3D) environ-
ment. In the absence of cell survival signals, the cells will die
by a process called anoikis.144

Thus, when MSCs are kept in nonattached cell cultures in
suspension, approximately 70% of the cells are dead within
a week.145 Likewise, when MSCs are encapsulated in al-
ginate, which does not interact with the cells, viability is
greatly reduced from the first week in culture onward
(Karlsen TA, unpublished observations). However, if the
same MSCs, encapsulated in the same alginate, are given a
cocktail of factors to induce cell differentiation, most of the
cells survive for 10 weeks or more.103 These in vitro ex-
amples show that MSCs detached from plastic adherence
will die by anoikis unless rescued by differentiation signals
or by binding to surrounding cells or ECM.

Data quantifying the degree of survival of MSCs in vivo,
following i.v injection for treatment of graft–versus–host
disease, have recently been published.146 Some of these
patients died from the underlying malignant disease and
were examined postmortem for the presence of DNA from
the allogeneic MSCs in multiple organs. The authors found
MSC DNA in only a minority of the patients, at extremely
low concentrations, and only in those patients who died
shortly after MSC administration, suggesting low-level and
short-lived survival of MSCs.

Even following injection directly into the target tissue
in vitro, expanded MSCs usually do not survive. A very
large number of preclinical studies have been performed
where MSCs have been injected into a number of different
organs following organ injury to determine if the MSC in-
jection would lead to organ repair. In many cases, improved
functionality was observed, but solid proof that this occurred
as a result of the MSCs surviving in the tissues is rare. En-
couragingly, the survival of human MSCs transplanted into
nude mice was recently shown to be greatly improved by the
addition of human ECs. This prosurvival effect was shown
to be predominantly mediated by the secretion of platelet-
derived growth factor-BB from the ECs.132

Another example of MSC survival was described for hu-
man CD146 + BMSCs that were transplanted subcutaneously
into immunocompromised mice. These cells formed bone
after some weeks, and the ossicles derived blood supply from
the endogenous circulation and became the niche for en-
dogenous hematopoietic cells by 8 weeks post-transplant.147

Likewise, MSC injection in a skin wound model suggested
long-term survival.148 However, in most cases, functional
improvement has been thought to be paracrine mediated and
long-term cell survival could not be shown.149

Against this poor track record stand some preclinical
studies of cell therapy for UI. In 2005, the Rodriguez group
showed that by DiI staining of human processed lipoaspirate
(PLA) cells, these cells could survive at reasonable numbers

for more than 12 weeks following injection into the anterior
urethral wall of immunodeficient rats.94 Later, the same
group formally showed that PLA cells could differentiate
into functional SMCs150 and that this differentiation was
nuclear fusion independent.151 Another group showed
considerable survival 8 weeks post-transplantation of rat
AT-MSCs into the rat US.152 A similar time frame of sur-
vival could be deduced from a study where skeletal muscle-
derived stem cells from GFP transgenic mice and rats were
transplanted into the USs of rats following prostatectomy.139

Biomaterials have been proposed to facilitate the de-
livery of cells and/or bioactive factors to desired sites in
the body. Delivery of cells in biomaterials may prevent
leakage of the cells away from the site of injection, pro-
mote integration of cells within the ECM, provide a cell
adhesion substrate for improved survival after implantation,
and guide the development of appropriately functioning new
tissue.153,154 The ideal biomaterial should be biodegradable
and bioresorbable, should interact with the transplanted cells
and host tissue without an inflammatory response, be per-
meable to nutrients, waste products, and cytokines that may
provide differentiation or integration cues, and act as a tem-
porary mechanical support to allow 3D tissue growth while
the cells undergo spatial tissue reorganization.153,154 A num-
ber of biomaterials have been used for muscle engineering,
including alginate,155–157 fibrin,158 and collagen,92,159 some of
them with promising results.

Conclusion

Human SUI can result from multiple etiologies and
pathophysiological processes. In our opinion, patients with
structurally damaged sphincter muscle tissue may be candi-
dates for cell-based therapy for the treatment of SUI. Hence,
female and male patients with uncomplicated SUI due to
aging or following iatrogenic sphincter injury may benefit
from a cell therapy approach.

A cell-based therapeutic approach for treatment of SUI
offers the advantage of treating the cause rather than the
symptoms of SUI. It is still unclear which cell type, or
combination of cells, is the best therapeutic approach for
treatment of SUI, and further studies in vitro and in animal
models of SUI are required.160 Such studies should help to
determine if sufficient repair may be obtained by using a
single source of therapeutic cells or if perhaps different cells
and in vitro-conditioning regimes may be required. They
should also determine the possible role played by injectable
biomaterials. Still, although several issues remain unre-
solved, we believe that a cell injection approach to US repair
will be proven to be feasible in the not too distant future. If
so, this will come as a huge benefit for a large, and largely
silent, group of patients.
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