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Abstract
Objective: To investigate the e�cacy of muscle-derived stem cells (MDSCs) combined with nerve growth
factor (NGF) in the treatment of stress urinary incontinence (SUI) in rats.

Methods: MDSCs were isolated and extracted from 90 SD rats, and the stem cell characteristics of the
cells were identi�ed using �ow cytometry. NGF overexpression plasmid was coated with adenovirus and
qRT-PCR was applied to verify adenovirus transfection e�ciency. The rat models of SUI were constructed
and randomly divided into �ve groups: control group, PBS group, MDSCs+oe-NGF group, MDSCs+vector
group, and MDSCs group. After 8 weeks of feeding, the effect of MDSCs combined with NGF on repairing
SUI in rats was detected by measuring the leakage point pressure (LPP) rats and Masson staining of rat
urethral sections. The expression of NGF and VEGF was detected by western blot and IHC staining.

Results: Flow cytometry results showed that the isolated MDSCs had stem cell characteristics and good
purity. NGF mRNA was signi�cantly upregulated in MDSCs after transfection with adenovirus coated with
NGF plasmid. Compared with the control group, the LPP and the ratio of muscle �bers/collagen �bers
were signi�cantly increased in the MDSCs treated groups, with the highest increase in the MDSCs + oe-
NGF group. Western blot and IHC results showed that compared with the control group, the expression of
NGF and VEGF in the urethral tissues in the MDSCs treated groups were signi�cantly up-regulated, with
the highest increase in the MDSCs + oe-NGF group.

Conclusion: MDSCs alone can improve SUI in rats, while MDSCs combined with NGF is more effective in
the treatment of SUI rats by up-regulating VEGF.

Introduction
Stress urinary incontinence (SUI) is de�ned by the International Continence Society (ICS) [1] as the
involuntary and uncontrolled urine excretion on a sudden increase in abdominal pressure (such as
exertion, physical activity, sneezing, or coughing, etc.). At the 6th International Urinary Control Forum [2, 3],
a global epidemiological survey of SUI pointed out that 25–45% of women have had urinary
incontinence, 50% of which are SUI. Because many women with SUI are reluctant to admit the disease or
even seek medical attention negatively, the actual incidence of female SUI may reach more than 80%.

Conservative management or surgery is usually applied in the treatment of SUI [4]. The former is often
used for the frail elderly patients or patients with mild or moderate SUI but unwilling to receive surgery.
Conservative management includes weight loss, pelvic �oor muscle training (PFMT), drug therapy
represented by estrogen, electrical stimulation therapy, intravaginal devices. This treatment has been
shown to be bene�cial, but it is required good compliance of patients. Surgery, at present, is still
recommended as �rst-line treatment for severe SUI patients with obvious symptoms or patients fail to
conservative management. Surgery can restore the normal physiological anatomy of urethra or simulates
its mechanical structure as much as possible, at least the anatomy and functional reconstruction of the
middle and upper urethra. In addition, the therapeutic �ller can also be injected into the bladder neck,
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middle and upper urethra or periurethral structural tissues (such as anterior vaginal wall) of patients
through urethra or vagina, so as to reduce the urethral lumen of SUI patients, thereby increasing the
resistance of posterior urethra, prolonging the length of functional urethra and improving urinary
continence. The existing research results have revealed that surgery has higher success rate in the
treatment of SUI compared with the injection therapy, but the corresponding complication rate of surgery
is also higher. The development of urethral �ller and injection therapy for SUI is rapid, and this treatment
has good short-term results but poor long-term effect, with various side effects [5].

Regenerative medicine [2] usually refers to the use of biological and engineering methods to re-create and
repair tissues and organs with functional injury or loss, which makes modern medicine treatment
gradually developing towards repairing, reconstructing, replacing damaged organ tissues. Stem cells can
differentiate into a range of cell types and have the ability to continuously self-renew and self-
sustenance. They can differentiate into progenitor cells to replace apoptotic senescent cells [6]. Due to the
poor long-term effect of urethral �ller injection, another therapeutic approach have attracted interest of
academia, which refer to the reconstruction of urethral sphincter function in SUI patients using the
regenerative characteristics of stem cells regenerative, thus promoting many related animal
experiments[7–10]. In these studies, mesenchymal stem cells (MSCs), a source of cells, are usually derived
from muscle, adipose tissue, or bone marrow tissue [11]. Regardless of where they derived from, MSCs
share some common characteristics, such as stable replication potential and self-renew ability, as well as
multipotential differentiation. Studies have shown that MSCs is important in SUI repair. For example,
Jacques Corcos [12] showed that intrasphincteric injection of MSCs improves repair the damaged external
urethral sphincter and had therapeutic effects on animal models of SUI. Stem cells derived from different
tissues have their own advantages and disadvantages. For example, muscle-derived stem cells (MDSCs)
have a wide range of sources, are easy to obtain, with mature in vitro ampli�cation techniques.
Meanwhile, transplant immune rejection of MDSCs has been solved. Muscle �bers obtained after
differentiation of MDSCs automatically integrate into the patient's muscle cell group, avoiding the allergic
reaction after MDSCs transplantation; and because the low expression of MHC-1, the incidence of
immune rejection is further reduced [13–15].

Nerve growth factor (NGF) [16] is a protein with a molecular weight of about 140,000, which plays an
important role in regulating the growth, differentiation and regeneration of nerve cells. With the deepening
of research, NGF has found to have biological effects on non-neural cells [17, 18], such as promoting the
formation of new blood vessels [19], guiding the cell differentiation of damaged muscle spindles [20], and
promoting the repair of �broblasts in the skin, lung and other parts. In addition, it has been found that
NGF is also able to promote the differentiation of stem cells [21], which provides a theoretical basis for
NGF combined with stem cell transplantation in the treatment of related diseases. Based on these
�ndings, rat models of SUI was constructed in this study to investigate the e�cacy of MDSCs combined
with NGF in the treatment of SUI, as well as the repair of leak point pressure (LPP) and urethral smooth
muscle in rats, so as to explore the application prospect of MDSCs in the treatment of SUI.
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1 Materials And Methods

1.1 Collection and passage of MDSCs
The method proposed by Burhan Gharaibeh [22] was adjusted for the primary isolation of rat MDSCs.
Sprague Dawley (SD) rats were euthanized by cervical dislocation. Under aseptic conditions, about 5 g of
limb muscle was taken. Subsequently, the muscle tissues were digested with 0.2% collagenase type XI of
equal volume to the tissues for 1 hour, 0.2% dispase for 30 min, and 0.25% trypsin-0.01% EDTA for
30 min. After digestion, they were incubated at 37 ℃ with 5% CO2. The culture medium was DMEM-LG
with 10% FBS, 10% HS and 1% penicillin/streptomycin. After 24 hours, the culture medium containing
non-adherent cells was transferred to a centrifuge tube for centrifugation (1000 rpm, 5 min). The cell
precipitation was resuspended with fresh culture solution and inoculated into a new culture �ask, which
was recorded as the �rst preplate cells (PP1). By that analogy, the cells were transferred to new �asks
with new culture solutions at an interval of 24 hours, which were labeled as PP2 to PP6, respectively. PP6
cells are primary MDSCs. After about 7 days of culture, the cells with 80% con�uency were digested using
trypsin, and passaged at a ratio of 1:2, and the culture medium was changed every 2 days.

1.2 Flow cytometry
PP6 cells were collected and digested using trypsin. After digestion, the cells were centrifuged to take the
cell precipitation. The cell precipitation was mashed and resuspended with PBS to adjust the cell
concentration to 107/ml, and then incubated with CD34 and CD45 antibodies. The positive rates of CD34
and CD45 were detected by �ow cytometry. The experiment was repeated three times.

1.3 Adenovirus transfection and grouping
In our previous experiment, adenovirus packaging as well as the construction, ampli�cation, identi�cation
and preservation of adenoviral vector carrying NGF were successfully completed. The third passage of
MDSCs was inoculated in 6-well plates at a density of 5 × 105 cells/well; then they were divided into three
groups: control group, vector group, and oe-NGF group. In the control group, 2 mL complete culture
medium was added; in the vector group, unloaded adenoviral vector supernatant was added; in the oe-
NGF group, recombinant adenoviral vector solution with high expression of NGF was added. The
transfection was conducted according to the instructions, and there are two parallel wells in each group.

1.4 qRT-PCR
Total RNA was extracted using Trizol and the RNA purity was determined. The RNA was reverse
transcribed into cDNA using M-MLV (Takara, Japan). qRT-PCR reaction was performed on an Applied
Biosystems 7500 real-time PCR system (Foster, USA) using a qPCR kit (Takara, Japan). The reaction
conditions were as follows: 95 ℃, 30 s; 95℃, 5 s; 60℃, 34 s; 40 cycles. The internal reference gene was
GAPDH, and the relative expression of NGF was calculated using the 2−△△Ct method. The primers used
were synthesized by Guangzhou Nuoguang Biotechnology Co., Ltd.. The primer sequences are shown in
Table 1.
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Table 1
Primer sequences

Primer name Primer sequence (5’-3’)

NGF F CCAGAGATGGTACGCATGGTG

R TTTAGCAGGGATGTGACCTCC

GAPDH F TGTGGGCATCAATGGATTTGG

R ACACCATGTATTCCGGGTCAAT

1.5 Establishment and grouping of rat models of SUI
The SUI rat model was established by transecting the pudendal nerve and the nerve innervating the
iliococcygeus muscle [23]. Ninety SD female rats of the same batch and same age were selected. They
were anesthetized with intraperitoneal injection of 1% pentobarbital sodium (0.3 mL/100 g) followed by
skin preparation in sacrococcygeal region. The limbs of the rats were �xed, and then a 1 to 1.5 cm
incision was made longitudinally in the middle of the sacrococcygeal region. The left subcutaneous
tissue of the rats was separated to expose the pudendal nerve, and the pudendal nerve was freed, cut,
and removed; subsequently the left sacrococcygeal muscle group was sutured with No.0 silk suture. The
right side was treated in the same way. Finally, abdominal skin of the rats was sutured with No.4 silk
suture. After modeling, the rats were raised in a routine way for 2 weeks; then their LPP was measured.
The LPP of the rats before and after modeling was compared, with decreased LPP as positive. The
positive rats were used for subsequent experiments.

The positive rats were divided into �ve treatment groups (15 rats/group): control group, PBS group,
MDSCs + oe-NGF group, MDSCs + vector group, MDSCs group. The peritoneum was opened after
anesthesia to expose the bladder, then the bladder was gently pulled and lifted, and the entire urethra was
separated downward. Subsequently, the injection process at the juncture of bladder neck and urethral
was simulated in the control group, but no solution was injected; in the other groups, the rats were
injected with 100 µl PBS solution, 100 µl NGF gene-modi�ed MDSCs solution, 100 µl unloaded
adenovirus-transfected MDSCs solution, and 100 µl prepared MDSCs solution at the juncture of bladder
neck and urethral (about 0.5 cm from the bladder neck) at four points (3, 6, 9, and 12), respectively. After
8 weeks of treatment, urethral tissues were collected from rats in each group; one part of the tissues was
�xed for pathological examination, and the other part was rapidly placed in a freezer at − 80 ℃.

1.6 LPP detection
The rats were anesthetized with intraperitoneal injection of 1% amobarbital (0.3 ml/100 g). With the
simulation of urodynamic test, a ureteral catheter was inserted retrogradely through the external urethral
meatus. After the bladder was emptied, a manometric tube was �xed into the bladder, which was
connected to the functional experiment pressure sensor through a three-way tube. In addition, the other
end of the three-way tube was connected to an extension tube and a syringe and connected to a
microinfusion pump. The parameters were set, with 37℃ normal saline as perfusion solution and a



Page 7/17

perfusion rate of 1 ml/min. When urine appeared in the urethral meatus, the pressure was recorded, which
was the LPP. LPP measurement was performed three times before the treatment and at the 8th week after
the start of treatment, a total of six times. The average value of the three measurements at each time was
recorded.

1.7 Western Blot
The fresh urethral tissues of the rats were cut and placed in a mortar. The tissues were homogenized and
the total protein was extracted using RIPA lysate. The protein concentration was determined using a BCA
protein assay kit (Beyotime, Shanghai, China). Equal concentration of proteins were separated using SDS-
PAGE and then eletrophoretically transferred to a PVDF membrane. Following the blocking step with 5%
skim milk power for 1 hour at room temperature. Subsequently, the membrane was incubated in a
refrigerator overnight at 4 ℃ with the following primary antibodies: NGF (ab52918, 1:1000, abcam,
Cambridge, UK), VEGF (ab32152, 1:500, abcam, Cambridge, UK) and β-actin (ab8226, 1:1000, abcam,
Cambridge, UK). After rinsed with TBST buffer, the membrane was incubated with secondary antibodies
for 30 min. The target proteins were developed chemiluminescence. The gray values of the bands were
analyzed using Image J software.

1.8 Masson staining
The urethral tissues were embedded with para�n and sectioned at a thickness of 3–4 µm using a
microtome. Each tissue section was depara�nized and was performed with Masson staining. The
sections were sequentially placed in Masson staining solution for 10 min followed by rinsing with
distilled water; color separation using phosphomolybdotungstic acid for 10 min followed by staining with
aniline blue for 10 min; color separation using 1% acetic acid solution for 60 s. The sections were
dehydrated using alcohol (95% as well as absolute alcohol), cleared using xylene. and mounted using
neutral resin dropping neutral and cover slip. Finally, the sections were placed under a microscope to
observe histopathological changes.

1.9 Immunohistochemical staining (IHC)
NGF and VEGF staining was performed on rat urethral sections using an IHC kit (Zhongshan
Goldenbridge Biotechnology Co.,LTD., China). The tissue sections were incubated overnight at 4 ℃ with
NGF antibody (1:1000) and VEGF antibody (1:500); then they were incubated with secondary antibodies
at room temperature in the dark and �nally color developed. Photographs were taken under a
�uorescence microscope.

1.10 Statistical analysis
SPSS 24.0 software was used for statistical analysis. All data were expressed as mean ± standard
deviation (SD). Comparisons between two groups were performed using the t-test. P < 0.05 indicated a
signi�cant difference.

2 Results
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2.1 Isolation and identi�cation of MDSCs and adenoviral
transfection
Primary MDSCs cells were isolated, and the morphology of PP1 to PP6 cells was observed under an
inverted phase contrast microscope. Most of the PP1 and PP2 were long spindle-shaped �broblast-like
cells and miscellaneous cells with irregular morphology. PP3 and PP4 were mainly long and short shuttle-
shaped myocytes and occasionally in round-shaped with strong refraction, and myocytes could fuse into
myotubes; the number of �broblasts-like cells was signi�cantly reduced in PP3 and PP4. In PP5, a large
number of short shuttle-shaped muscle satellite cells and some round-shaped MDSCs with strong
refraction were observed. (Figs. 1A:PP1-PP5) PP6 cells were round-shaped stem cells with strong
refraction, and stem cell spheres were observed (Fig. 1A: PP6). PP6 cells were further identi�ed using �ow
cytometry. As shown in Fig. 1B, the proportion of cells with positive CD34 was 96.93% and the proportion
of cells with positive CD45 was 93.89%. These results indicated that PP6 cells had the characteristics of
stem cells and MDSCs had high purity. To upregulate NGF expression in MDSCs cells, the recombinant
adenovirus carrying NGF gene (oe-NGF) were transfected in MDSCs. On the 3rd day after transfection,
more than 80% of MDSCs could be observed to carry enhanced green �uorescent protein (EGFP) (
Fig. 1C) under a �uorescence inverted microscope. And the expression of NGF in MDSCs cells after
adenoviral transfection were detected using qRT-PCR. As shown in Fig. 1D, NGF expression was
signi�cantly upregulated in the MDSCs + oe-NGF groups compared with the control group (P < 0.01).

2.2 MDSCs combined with NGF improve LPP in rats
After modeling, the female SD rats were randomly divided into �ve treatment groups, and the LPP in each
group was measured after 8 weeks of routing feeding (Figs. 2A and 2B). Compared with the control
group, the LPP of rats in the groups with injection of MDSCs was signi�cantly increased (P < 0.0001),
while the difference between the PBS group and the control group was not statistically signi�cant. The
MDSCs + oe-NGF group had the highest LPP after treatment. Compared with the MDSCs + oe-NGF group,
the LPP in the MDSCs + vector group and the MDSCs group was reduced by 23.371 and 24.564 cmH2O,
respectively. These results suggested that injection of MDSCs improved LLP in rats, while the e�cacy
was better in the MDSCs + oe-NGF group.

2.3 MDSCs combined with NGF promote urethral smooth
muscle repair in SUI rats
Urethral smooth muscle repair was further detected by Masson staining. As shown in Fig. 3, no
signi�cant difference was identi�ed in the ratio of muscle �bers (red)/collagen �bers (blue) in the PBS
group compared with the control group (P > 0.05). In the MDSCs treated groups, this ratio was up-
regulated, with the highest ratio in the MDSCs + oe-NGF group (P < 0.0001). These results indicated that
MDSCs alone could promote the repair of urethral smooth muscle in SUI rats, while the repair e�cacy
was better in the MDSCs + oe-NGF group.
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2.4 MDSCs combined with NGF improve SUI by up-
regulating VEGF
Angiogenesis has a positive effect on improving SUI [24], and NGF has reported to promote the secretion
of VEGF in retinal Müller cells [25]. So we want to explore whether NGF can improve SUI by up-regulating
the expression of VEGF. The protein expression of NGF and VEGF in the urethral tissues of rats in each
group was detected using Western blot and IHC, respectively. As shown in Fig. 4A-B, compared with the
control group, no signi�cant difference was identi�ed in NGF and VEGF protein expression in the PBS
group (P > 0.05), while the expression was signi�cantly increased in the MDSCs treated groups, with the
highest expression in the MDSCs + oe-NGF group (P < 0.0001). The results of IHC was similar to that of
Western blot (Fig. 4C-D). Compared with the control group, the difference in IHC scores in the PBS group
was not statistically signi�cant (P > 0.05), while the IHC scores in the other treatment groups were
increased, with the highest score in the MDSCs + oe-NGF group (P < 0.01). These results suggested that
MDSCs alone could up-regulate the expression of VEGF, and the up-regulation of NGF expression in
MDSCs further promoted the expression of VEGF and thus improving SUI.

3 Discussion
Urinary incontinence is a common urinary disease that affects more than 200 million people worldwide.
SUI is caused by a combination of multiple factors such as blood vessels, nerves, muscles and even
endocrine and metabolism. The traditional treatment for SUI only focuses on the reconstruction of
urethral structure, but not pay attention to the physiological and biochemical changes of the intrinsic
nerves, blood vessels, of urethra and sphincter and periurethral structures, as well as the role of these
changes in the development of the disease.

MDSCs are considered as a potential biomaterial for the treatment of SUI, with myogenic, vasculogenic,
and neurogenic potential. Animal and human clinical studies have found that MDSCs only differentiate
unidirectionally in normal tissues, while in the injured tissues, its multipotency is activated and it can
differentiate into a variety of cell types, contributing to the synchronous reconstruction of systemic or
local blood vessels, muscle �bers, and peripheral nerves [26–28]. A large number of studies [29–32] have
demonstrated the injection of stem cell has the potential to restore the function of urethral sphincter in
the treatment of SUI. Meanwhile, periurethral injection of MDSCs for the treatment of SUI have also been
applied in clinical trials. Lee [33] showed that in the clinical treatment of SUI women, MDSCs had
increased LPP and improved urinary continence function compared with the untreated group.
Shari�aghdas [34] found that urethral injection of autologous MDSCs was effective in the treatment of
SUI women; and after the continuous follow-up for 3 years, among the 10 patients who participated in the
trial, 7 patients achieved clinical cure or symptom improvement, only 3 patients failed to respond to
treatment, and all patients had no postoperative adverse reactions. Relevant studies [12, 35] also reached
similar conclusions in a short- to medium-term follow-up period. In this study, we similarly found that LPP
was increased and urethral smooth muscle was repaired after treatment with MDSCs injection in SUI rats.
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In addition, gene editing technology is used to directionally change the expression of stem cell target
proteins, so that the modi�ed cells not only have the differentiation characteristics of stem cells, but also
can produce speci�c factors conducive to tissue regeneration, which may be more valuable for SUI
treatment. NGF is an important factor involved in the regeneration and functional repair of injured nerves.
It also plays an important non-neuronal function in muscle spindle repair, vascular differentiation, and
maintenance of immune cells. Meanwhile, NGF can promote the differentiation of stem cells [21]. In our
study, MDSCs were transfected with adenoviral vector carrying NGF to induce NGF overexpression. In
subsequent animal in vivo experiments, we found that the after the treatment of MDSCs combined with
NGF, LPP of the SUI rats was signi�cantly elevated, and their urinary continence function was improved.
The pathological sections showed that in the MDSCs + oe-NGF group, there were better e�cacy in
repairing urethral smooth muscle.

VEGF is one of the angiogenic factors that stimulates the growth of new blood vessels [36]. Newly
generated blood vessels are required to provide essential nutrients to the tissues in studies of muscle
tissue engineering [37]. It has been shown that with the increase of age, the size and function of
bioengineered muscles decrease, but their volume and function were improved by VEGF overexpression in
in muscle cells, which has a good application prospect for the treatment of SUI [38]. In this study, we
found that VEGF expression was signi�cantly upregulated in urethral tissue after in vivo injection of
MDSCs in SUI rats, while VEGF expression was higher in the MDSCs + oe-NGF group. These results
con�rmed that MDSCs combined with NGF repaired urethral tissue injury by upregulating VEGF in SUI
rats. However, whether it is through sercretion of cytokines or through signaling pathway or other
mechanisms needs further studies. This study is also required further clinical trials to provide more
theoretical basis on MDSC in the treatment of SUI in China.

4 Conclusions
In summary, recombinant MDSCs combined with NGF overexpression showed good therapeutic effects in
the SUI rats, which can be used as a potential therapeutic material for tissue regeneration engineering,
bringing hope for better treatment of SUI in female. However, further research is needed to explain the
mechanism of the early e�cacy, safety and tissue reconstruction before translation to clinical trials.
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Figures

Figure 1

Isolation and identi�cation of MDSCs and adenoviral transfection. A. After isolation, the morphology
MDSCs is observed under an inverted microscope (200 µm); B. Flow cytometry to identify MDSCs surface
markers CD34 and CD45; C. A �uorescence microscope to observe the transfection e�ciency of
adenovirus in MDSCs; D. qRT-PCR to detect the expression of NGF in MDSCs transfected with adenovirus.
Compared with the control group, **P < 0.01, ns P > 0.05.
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Figure 2

MDSCs combined with NGF improve LPP in rats. A. Oscillograms of LPP in each treatment group; B.
Quanti�cation results of LPP in each treatment group. Compared with the control group, ns P > 0.05,
****P < 0.0001.
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Figure 3

MDSCs combined with NGF promote urethral smooth muscle repair in SUI rats. A. Masson staining of
urethral tissues in rats in each treatment group; B. Quantitative analysis results of Masson staining. The
area ratio of muscle �bers (red) to collagen �bers (blue) is used for quantitative analysis. Compared with
the control group, ns P > 0.05, *P < 0.05 vs. control group, **P < 0.01, ****P < 0.0001.
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Figure 4

MDSCs combined with NGF improve SUI by up-regulating VEGF. A. Western blot to detect the expression
of NGF and VEGF in the urethral tissues of rats in each treatment group; B. Quantitative analysis of gray
values of western blot bands. C. IHC staining results of urethral para�n sections of rats in each group; D.
Quantitative analysis of IHC staining results. Compared with the control group, **P < 0.01, ***P < 0.001,
****P < 0.0001, ns P > 0.05.


