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Abstract

Stress urinary incontinence (SUI), the most common type of incontinence in women, is a frequent and costly ailment responsible for an
alteration in the quality of life. Although medical treatment gives some rather deceiving results, surgical techniques that include colpo-
suspension or tension-free vaginal tape, employed in cases of urethral support defect, give a 5-year cure rate of more than 80%.
However, these techniques could lead to complications or recurrence of symptoms. Recently, the initiation of urethral cell therapy has
been undertaken by doctors and researchers. One principal source of autologous adult stem cells is generally used: muscle precursor
cells (MPCs) which are the progenitors of skeletal muscle cells. Recently, a few research groups have shown interest in the MPCs and
their potential for the treatment of urinary incontinence. However, using MPCs or fibroblasts isolated from a striated muscle biopsy could
be questionable on several points. One of them is the in vitro cultivation of cells, which raises issues over the potential cost of the 
technique. Besides, numerous studies have shown the multipotent or even the pluripotent nature of stromal vascular fraction (SVF) or
adipose-derived stem cells (ASCs) from adipose tissue. These cells are capable of acquiring in vitro many different phenotypes.
Furthermore, recent animal studies have highlighted the potential interest of SVF cells or ASCs in cell therapy, in particular for mesoder-
mal tissue repair and revascularization. Moreover, the potential interest of SVF cells or ASCs for the treatment of urinary incontinence
in women is supported by many other characteristics of these cells that are discussed here. Because access to these cells via lipoaspi-
ration is simple, and because they are found in very large numbers in adipose tissue, their future potential as a stem cell reservoir for
use in urethral or other types of cell therapy is enormous.
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Introduction

Urinary incontinence is a frequent and costly ailment responsi-
ble for an alteration in the quality of life, as well as being a hand-
icap [1]. In Europe 35% of women are affected [2]. After 
65 years of age, its impact on quality of life exceeds that of other
chronic pathologies such as arterial hypertension, angina pec-
toris or diabetes [3]. Its direct cost exceeds even that of breast
cancer in the United States [4]. Stress urinary incontinence
(SUI) is the most common type of incontinence in women (more
than 80%) [5]. Its two principal causes are abnormal urethral

mobility, because of a support defect, and a sphincteric defect
resulting in sphincteric insufficiency.

Results obtained with medical treatment are rather deceiving
[6, 7]. However, perineal re-education, for example, improves
incontinence by reducing the number of leaks and thus improves
quality of life [8]. However, despite an initial cure rate of 60%,
improvements gained from re-education disappear after a number
of years [9]. Injections of inert material (glutaraldehyde cross-
linked collagen, silicone, carbon-coated zirconium beads or
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hyaluronic acid/dextran copolymer) give mediocre results with
less than a 50% success rate at the cost of some minor morbidity
[10–12]. Surgical techniques that include colposuspension or ten-
sion-free vaginal tape, employed in cases of urethral support
defect give a 5-year cure rate of more than 80% [13, 14]. However,
these surgical techniques are not exempt from complications or
recurrence of symptoms [15]. In fact, sphincteric insufficiency in
women is a significant factor in the failure of surgical treatment for
SUI [16–18]. Thus, the treatment of persistent or recurrent SUI, in
spite of good surgical practice, remains problematic and can, in
certain cases, necessitate the insertion of an artificial sphincter.

The object of our work is to review the pathophysiology of SUI
in women, as well as to investigate the perspectives offered by the
use of stem cells in the treatment of this pathology.

The sphincteric complex

The urethral mucosa is surrounded by a sub-mucosa composed
of longitudinal collagen and elastin fibres, and occupied by a vas-
cular plexus. Surrounding this, there are longitudinal smooth
muscle fibres, then circular smooth muscle fibres, all of which are
surrounded by the striated sphincter that is composed of circular
fibres to which are attached the muscles of the urogenital
diaphragm [19–22]. The sphincter is attached to the pubis by the
pubo-urethral ligaments and supported by the anterior vaginal 
fascia, attached to the tendinous arch of the pelvic fascia and 
the levator ani. Resting continence is assured by the circular
smooth muscle component, the slow fibres of the striated urethral
sphincter, and by the sub-mucosal vascular plexus [16–23].
During effort, there is passive transmission of intra-abdominal
pressure linked to urethral support, as well as active reflex con-
traction of the urethral sphincter and the pelvic floor [24–27].
Continence, therefore, requires that there is maintenance of ure-
thral support, mucosal, submucosal and muscular trophicity, as
well as neurological control (Fig. 1).

Deterioration of the urethral sphincter

The urodynamic measure of urethral closure pressure is used to
assess the quality of the urethral sphincter at rest. Urethral closure
pressure decreases with age and has been directly linked to the rar-
efaction of striated urethral muscle cells that occurs with ageing
[28, 29]. There also exists an inverse correlation between the ure-
thral vascular index, measured by Doppler ultrasound, the urethral
closure pressure and age [30]. Thus it would appear that urethral
vascularization is less extensive during urinary incontinence [31].
Compared to continent women, sphincteric volume measured by
ultrasonography is also weaker in women who suffer with SUI, par-
ticularly when sphincteric insufficiency is also present [32, 33].

Biochemical studies show that there is a modification in the
metabolism of collagen and elastin fibres in the peri-urethral tis-
sue of incontinent women [34–40]. SUI in women is also accom-
panied by signs of denervation of the urethral sphincter [41].

Taking all of this into consideration, the ideal treatment for SUI
in women would consist, at the urethral level, of:
(1) Increasing the number of smooth and striated muscle cells,
(2) Increasing vascularization,
(3) Increasing the secretion of collagen and elastin in peripheral

tissue AND
(4) Increasing neurological innervations.

In recent years, the medical profession has moved in a new
therapeutic direction, which could satisfy all of the above criteria,
through the use of autologous adult stem cells.

Stem cells and their use in the 
treatment of urinary incontinence

Autologous adult stem cells are increasingly used for the treat-
ment of a number of pathologies. This trend began several years
ago with the use of bone marrow stem cells for haematopoietic
regeneration following chemotherapy, and is continuing with a
large number of clinical trials currently underway for the treatment
of various cancers (http://www.clinicaltrials.gov). These cells are
also being used in several clinical trials, which include the regen-
eration of cardiac muscle, lower limb revascularization, as well as
many other examples (http://www.clinicaltrials.gov).

More recently, stem cells from striated muscle have been used
primarily for the regeneration of cardiac muscle, but with miti-
gated results [42, 43] and a few research groups have shown
interest in the muscle precursor cells (MPCs) and their potential
for the treatment of urinary incontinence.
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Fig. 1 Schematic representation of the peri- and intra-urethral structure
in the human female (from [22]).
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One of the first studies was carried out by Yokoyama, et al. in
2001, in which injections of collagen were compared to those of
autologous rat MPCs that had been cultured beforehand in order
to amplify the number of cells. Results showed that collagen
almost completely disappeared at the end of a month, even though
the MPC cells were still present [44]. In 2002, Yiou, et al. con-
firmed these positive MPC results, by their use in mice to repair
the urethral sphincter muscle [45]. The injection of non amplified
cells made this an original procedure. Indeed, the cells were
extracted from striated muscle, harvested from the legs of mice,
labelled and then re-injected directly into the urethral sphincter,
which had undergone prior treatment with a myotoxic substance.
In 2003, Chancellor continued these studies in a rat model, via the
use of an allogenic graft of progenitor muscle cells in which the
urethra had been denervated, thus leading to its atrophy [46]. The
study demonstrated that MPC cells were capable of restoring
muscular contraction 2 weeks after injection into the urethra.
Given that the denervation model does not reflect the real clinical
picture, a year later the same team demonstrated in a rat model of
urethral sphincter insufficiency, this time provoked by cauteriza-
tion, that the same injected cells brought about an improvement in
the sphincter leak pressure. Moreover, two different labelling tech-
niques allowed the identification of cells injected into urethral stri-
ated muscle 2 months after injection [47]. The same year,
Peyromaure, et al. demonstrated in rats, that 90 days after injec-
tion, MPCs can be identified in the striated muscle layer of the
sphincter, but not in the smooth muscle layer [48]. More recently,
a study was carried out, again in rats, to demonstrate the distinct
effects of the injection of MPCs, fibroblasts, or both types of cells
together [49]. This work clearly demonstrated that the injection of
MPCs improves the leak pressure as well as the amplitude of
sphincter contraction. Conversely, a single injection of fibroblasts
only improved the leak point pressure. Furthermore, the injection
of a large quantity of fibroblasts alone (1 � 107 cells) caused
obstruction of the sphincter, leading to urinary retention.

The first clinical study in this field was carried out by Strasser,
et al. in 2004 [50], followed by publication of the results recently
in a famous international review [51]. Of 63 women with urinary
incontinence, 42 of them received an ultrasound guided injection
of a mixture of fibroblasts and autologous myoblasts, whereas 21
of them received a collagen injection. After being followed for a
year, no side effects were reported in either of the two groups. The
thickness of the rhabdo-sphincter was greatly increased in women
who had received the injection of cells, compared to the group that
received the collagen injection (a difference of more than 1 mm).
The same thing applied when measuring the contractility of the
sphincter. Moreover, at the end of a year, 38 of the 42 woman that
received the injection of cells were considered to be continent.

However, following serious breach of ethical rules, as well as ille-
gal conduction of the clinical trials, the Strasser’s publication has been
retracted by the Lancet editor [52]. It is now difficult not to question
the entire results of the group concerning this particular protocol.

Nevertheless, a recently published clinical trial from Chancellor,
et al. seems to confirm Strasser’s results, proving that MPCs are
efficient for the treatment of SUI [53].

Anyway, independent of the results coming from Strasser or
Chancellor, the opportunity of using MPCs or fibroblasts isolated
from a striated muscle biopsy is probably suboptimal for a num-
ber of other reasons.

On the one hand, the collection of cells generally requires a
large biopsy of skeletal muscle (between 5 and 30 g), an additional
operation, and leaving the patient with a fairly significant scar. On
the other hand, the use of these cells only partly satisfies the 
criteria stated earlier for the use of autologous adult stem cells. 
In fact, if these cells are indeed capable of increasing the quantity
of striated muscle as well as the secretion of collagen (from
fibroblasts) at the urethral level, it would appear that they might
have difficulty in also restoring the activity of longitudinal and cir-
cular smooth muscle fibres, in creating a satisfactory level of
revascularization or in improving neurological innervation.

Finally, and this is without doubt the crucial point of the prob-
lem, the small quantity of stem cells harvested does not allow
immediate re-injection of these cells. They require cultivation 
in vitro, which, apart from the practical aspects and the absolute
necessity for sterility, raises issues over the potential cost of the
technique. Moreover, even if, in his studies, Strasser used these
stem cells with autologous serum for cultivation, the passage
number of the cells has not been clearly stated, although this is
certainly significantly high because the cells are sometimes cul-
tured for up to 8 weeks! In the same way, Chancellor’s team rec-
ommend about 10 days of culture, with five to six serial platings,
to reach a sufficient amount of muscle cells for re-injection [53].
This then raises the question as to the potential changes that could
appear within these cellular populations, as well as the safety
implications of their injection, particularly, for example, in relation
to the teratogenic risks [54].

It would therefore seem no more risky given our actual level of
understanding of stem cells to carry out extemporaneous autolo-
gous injections, with cells being harvested and re-injected during
the same operation.

Stem cells from human adipose tissue

White fat is the most important energy reserve in the body. This
energy is stored as triglycerides by white adipocytes.

White fat adipocytes (the most predominant type of fat in 
adult human beings) are spherical cells, with a diameter of around 
100 �m, but which can be sometimes more than 200 �m. Their
cytoplasm encloses a bulky, single lipid vacuole (triglycerides),
surrounded by a thin cytoplasmic ring containing a Golgi appara-
tus, rough endoplasmic reticulum, smooth endoplasmic reticu-
lum, mitochondria and a flattened nucleus at the periphery of the
cell. White adipocytes exist as isolated cells within loose conjunc-
tive tissue and bone marrow or as a collection of cells grouped
together to form white adipose tissue.

White adipose tissue represents around 15% to 20% of the
weight of non-obese adults and up to 50% in obese individuals. 
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In this tissue the adipocytes packed one against the other take on
a polyhedral form. They are separated by reticulin fibres and an
extensive capillary network as well as by amyelinic, sympathetic
noradrenergic nerve fibres. Adipocytes are grouped in small 
lobules, visible to the naked eye, separated by fine conjunctive
partitions containing fibroblasts, macrophages, mastocytes and
collagen fibrils.

Adipose tissue contains only 40% to 60% mature adipocytes,
but is also composed of the stromal vascular fraction (SVF). This
consists of fibroblasts, macrophages, mastocytes, endothelial
cells, haematopoietic cells and preadipocytes. This last cell type is
considered to be the precursor of mature adipocytes. Once cul-
tured, these cells are called adipose-derived stem cells (ASCs).

Numerous studies have shown the multipotent nature (capable
of differentiating into cells of the same germ layer), or even 
the pluripotent nature (capable of differentiating into cells of
another germ layer) of SVF or ASCs cells, capable of acquiring 
in vitro, muscular, osseous, chondrocyte, neuronal, epithelial,

macrophagic, smooth muscle and even hepatic phenotypes
[55–62]. Moreover, a recent study showed that the SVF is not
made up of unipotent progenitors, but instead is composed of
multipotent cells, containing adipogenic, osteogenic, chondro-
genic and neurogenic phenotypes [63]. Furthermore, recent ani-
mal studies have highlighted the potential interest of SVF or ASCs
cells in cell therapy, in particular for mesodermal tissue repair and
revascularization [64–67].

The potential interest of SVF cells for the treatment of urinary
incontinence in women is further supported by many other char-
acteristics of these cells that are discussed below.

Firstly, cells from the SVF contain a large number of fibroblasts
capable of secreting collagen [68]. Moreover, the capacity of ASCs
cells to secrete and to organize an endogenous extracellular
matrix with some quite basic stimulation has already been high-
lighted [69]. Lastly, in the absence of adipogenic factors, these
cells do not differentiate into adipocytes and possess quite a
strong potential for making conjunctive tissue [69].

On the other hand, several studies have clearly shown that
mesenchymatous cells from adipose tissue have the potential to
differentiate into smooth or striated muscle cells.

As far as smooth muscle is concerned, a very convincing study
by Rodriguez, et al. showed that in addition to the expression of
classic markers of smooth muscle cells (smooth muscle cell-
specific � actin, smoothelin, calponin, caldesmon, MHC and
SM22), ASCs are able to produce functional cells, capable of con-
tracting under stimulation with carbachol, followed by relaxation
of the cells after around 10 min. [59]. A study in mice had already
demonstrated the existence of this potential [70].

As far as striated muscle is concerned, several studies have
reiterated the potential of ASCs. They can express specific striated
muscle markers (desmin, myod1, myogenin, myogenic regulatory
factor 6 and myosin heavy chain) and form multinucleated cells
characteristic of myotubules [58, 62]. Moreover, in rabbit, the
injection of cells from adipose tissue into damaged muscle
enables the restoration of volume as well as the force of muscular
contraction, in a way that is as efficient as when muscle satellite
cells are injected [55].

This last point could be considered as being highly significant
as far as the use of these cells in the treatment of urinary inconti-
nence is concerned. Furthermore, it should be noted that, in our
experimental procedure of isolation, at least 70% to 90% of SVF
cells are positive for the myoblastic marker, CD56 (Fig. 2), and
60% to 80% of these cells are CD34� (Fig. 2). These percentages
represent probably an important argument that could accentuate
the potentiality of these cells for the urethral repair.

In addition, certain adipose tissue cells possess angiogenic
potential. This is supported primarily by the existence of an impor-
tant CD34� population (between 40% and 70%) within the SVF
[64, 71]; this marker being present on stem cells, but also on
endothelial cells and their precursors. This is largely confirmed by
more recent studies that highlight certain endothelial phenotypic
characteristics of cells from the SVF. Results from our laboratory,
presented here, demonstrated that a significant proportion of
CD34� cells express the endothelial marker, CD31 (from our
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Fig. 2 Flow cytometric analysis of SVF from subcutaneous human adipose
tissue. Cells from a representative individual donor were stained with
monoclonal antibodies directed against CD56 coupled to FITC or against
CD34 (Beckman Coulter, QBEnd10) coupled to phycoerythrin.
Experiments have been conducted on four different samples from four dif-
ferent patients which have produced the following ranges of percentages:
70–90% (CD56�), 40–70% (CD56�/CD34�). SVF cells were obtained by
digestion of liposucted tissue samples, for 30 min. at 37�C in Ringer-
Lactate buffer containing 1.5 mg/ml collagenase (NB5, SERVA,
Heidelberg, Germany, PZ activity 0.175 U/mg). Digested tissue was cen-
trifuged at 3000 rpm for 3 min. The cell pellet harvested after centrifuga-
tion was resuspended and incubated twice for 10 min. in blood lysis buffer
to eliminate red blood cells. Cells were then centrifuged at 3000 rpm for 
3 min. and the pellet was resuspended in ringer lactate and filtered through
Steriflip 100 > m (Millipore, Molsheim, France). After centrifugation at
3000 rpm for 3 min., cells were resuspended in Ringer lactate buffer.
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experiments, 65% to 90%, Fig. 3). It should be noted that these
proportions are not found by all groups working on the subject,
without doubt a result of the cellular extraction protocol and of the
enzyme used. Moreover, the intravenous injection of mice with
CD34�, CD31� cells, 24 hrs after ligature of the femoral artery
(induced ischemia), led to an increase in blood flux and capillary
density in these mice compared to the controls [64]. Identical
results were obtained by other groups in different animal models
[65–67, 72]. As we could find 10% to 30% of CD31� cells in the
CD34� population (Fig. 3), it is highly probable that the injection
of these cells will lead to a increase of the vascularization in the
injected area.

Finally, some studies also show that ASCs could differentiate
into neurons. Since 2002, Safford, et al. has shown that cells from
mice could express markers such as the glial fibrillary acidic pro-
tein (GFAP), nestin and NeuronalNuclei (NeuN) [60]. The existence
of these types of markers in human beings was confirmed by Zuk,
who demonstrated the expression of neuron-specific enolase,
NeuN, and microtubule-associated protein-2 [62]. On the other
hand, Zuk’s group did not detect GFAP, which may be because this
marker is specific to murine cells. Indeed, the results of a recent
study by Lin, et al. would seem to confirm this thinking as their
results seem to point to the same conclusions as the results pre-
sented by Safford [70].

To date, few studies have been carried out on the use of adi-
pose tissue stem cells for urinary incontinence [73–75]. The orig-
inality of the first study by Rodriguez, et al. rests upon the fact that
they used human cells (from lipoaspiration), for re-injection in
mice and rats. Moreover, the cells injected into the bladder and the
urethra were a mixed population of different cell types that were
cultivated for few days but not selected beforehand. The authors
showed that the human cells (labelled with a fluorescent marker)
were still present 12 weeks after injection. The cells possessed a
morphology and phenotype (actin-�) characteristic of smooth
muscle. Moreover, recent results from the same team [74] show
that ASCs, cultivated in a smooth muscle inductive media and
seeded in a poly-lactic-glycolic acid scaffold can increase smooth
muscle mass and are able to contract. Lastly, another team have
demonstrated that injection of human ASCs increased the leak
point pressure of urethrolysis-rats [75]. In fact, these results are
very encouraging for the development of the use of these cells,
because in theory they would be capable of reconstituting the
smooth muscle of the sphincter, leading to the acquisition of a
contraction function, something that has never been demon-
strated with the MPCs.

Conclusion

In summary, it would seem that the SVF cells or ASCs of human
adipose tissue are completely adapted to the treatment of SUI in
women, because they seem to satisfy all of the decisive criteria for
this type of treatment. Indeed, their injection, in principle, could

bring about an increase in vascularization and in the number of
smooth and striated muscle cells of the urethra, an increase in the
secretion of collagen and elastin in peripheral tissue, and perhaps
an improvement in neurological innervation, because certain cells
could differentiate into neurons. Moreover, as with other progeni-
tor cells, SVF cells and ASCs are a source of many growth factors
that could significantly improve urethral function. At present it is
unlikely that all of these characteristics could be shown by cells
derived from skeletal muscle.

Furthermore, several other elements could act in favour of the
use of SVF cells or ASCs in the treatment of urinary incontinence.
Firstly, there is the fact that they are very easily accessible via lipo-
suction, without this posing any particular risk to the patient, as
liposuction is probably one of the safest surgical procedures avail-
able [76].

Then, concerning SVF cells, there is the fact that they can 
be injected directly after being sorted. Indeed, this avoids cell
culture, and successive passages, which reduces considerably the
risk from contamination and mutations, as well as the cost of 
the technique. The use of SVF cells is all the more acceptable as
the number of cells that can be extracted from adipose tissue is
relatively great. It is also true that few people in today’s society
are lacking in this tissue! In relation to this, it is important to
underline that the technique for the isolation of SVF cells from
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Fig. 3 Flow cytometric analysis of SVF from subcutaneous human 
adipose tissue. Cells from a representative individual donor were stained
with monoclonal antibodies directed against CD31 coupled to FITC or
against CD34 (Beckman Coulter, QBEnd10) coupled to phycoerythrin.
Experiments have been conducted on four different samples from four
different patients which have produced the following ranges of percentages:
60–80% (CD34�), 40–60% (CD31�/ CD34�), 10–30% (CD34�/CD31–).
SVF cells were obtained by digestion of liposucted tissue samples, as
described in Fig. 2.
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adipose tissue can have important repercussions on the compo-
nent cells of the SVF after purification. Thus, our technique,
derived from classical techniques for SVF cell isolation, in
 theory, makes it possible to isolate most of the cells required for
the treatment of incontinence, such as fibroblasts [68],
myoblasts (CD56), endothelial cells (CD31 and CD133) and

probably precursors of smooth muscle cells (CD141). Other
groups, for example do not isolate all of these cellular types [66].
The fact that tools exist that allow, in a reproducible manner, the
isolation of the same cellular types from standardized samples,
will enable without any doubt the exponential development of the
use of these cells in the years to come.
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