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Abstract: Urinary bladder loss is one of the major problems due to congenital, trauma or malignancies. The tra-
ditional bladder reconstructive surgery with gastrointestinal segments has various complications. Therefore, we
evaluated the alternative artificial bladder reconstructive surgery with seeding mesenchymal stem cells induced by
Platelet-Derived growth factor-BB into PLGA/collagen compound scaffold in rabbit model. Total 21 male rabbits were
randomly grouped: Group A (n=9), Group B (n=9), and Group C (n=3, control) with mesenchymal stem cells seeded
into PLGA/collagen compound scaffold, small intestinal submucosa, and none, respectively. Bladder volume was
tested preoperatively and at 4, 8, and 12 weeks postoperatively along with cystography at the same time. Addition-
ally, H&E staining and immunohistochemistry with CD31 and smooth muscle-actin (a-SMA) monoclonal antibody
were performed to observe regeneration of urothelium and smooth muscle cells. Our results exhibited a good bio-
compatibility with PLGA/collagen compound scaffold. The thickness of the grated segment were similar in Group A
and B, close to native bladder tissue (Group C) at 12 weeks postoperatively. The bladder capacities in Group A were
significantly better than that of the Group B (46.17+£1.62 ml vs. 40.52+1.26 ml, P<0.05). Moreover, cystography
revealed a better shape of reconstructed bladders in Group A. The histology and immunohistochemistry results of
Group A demonstrated better well-regeneration of urothelium and smooth muscle cells, sustained positively for
CD31 and a-SMA than that of Group B. In summary our study results suggested that seeding MSCs into PLGA/
collagen compound scaffold promotes regeneration of the urothelium and smooth muscle cells in a rabbit model.
Therefore, PLGA/collagen compound scaffold could be more suitable for bladder regeneration than SIS.

Keywords: Bladder reconstruction, tissue scaffold, mesenchymal stem cells, platelet-derived growth factor-BB,
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Introduction

Trauma, tumors, congenital abnormalities and
inflammation were the major reasons resulting
in urinary bladder damage or loss. The tradi-
tional urinary bladder reconstruction methods
of gastrointestinal segments pose a great chal-
lenge for urological surgeons with various com-
plications, such as mucus production, leakage
and ruptures, chronic bacteriuria, fibrosis, st-
one formation and so on [1]. Tissue-engineering
techniques and autologous cell therapy involv-
ing implanting the biomaterial scaffolds seed-
ed with applicable cells to repair or regenerate
the damaged tissues have shown great poten-
tial in bladder repairing and reconstruction [2].

Theoretically, tissue engineering depended on
autologous cells from the host organ. However,
physiologically normal tissue might not always
be accessible to elaborate a regenerative cys-
toplasty, leading to the use of stem cells in
bladder reconstruction as an alternative. The
aim of using stem cells is to promote the differ-
entiation into urothelial cells and smooth mus-
cle cells to maintain the normal histological
bladder structure [3]. Mesenchymal stem cells
(MSCs) derived from the bone marrow stroma
have shown attractive potential for bladder
reconstruction with their properties of easy iso-
lation from a renewable source, self-renewal
with a high proliferative capacity, low immuno-
genicity and differentiation into variety of tissue
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types, such as urothelium, endothelial cells and
smooth muscle cells [4].

Using biocompatible material has shown dis-
tinct benefits in the bladder reconstruction as
cell delivery vehicles and for physically main-
taining tissue replacement [4]. Till date, bioma-
terials are composed of 3 main categories and
have been evaluated for bladder wall regenera-
tion: 1) naturally derived materials such as
collagen; 2) acellular tissue materials such as
bladder submucosa; 3) synthetic materials su-
ch as poly lactic-co-glycolic acid (PLGA) [5].
However, there are no certain results clarifying
the best scaffold for bladder wall regeneration
of all the three layers [6]. The ideal scaffolds
were considered to have both good compatibil-
ity and mechanical strength for easy handling
and cell seeding. Thus, the idea of combining
naturally derived polymers with synthetic poly-
mers is promising in bladder regeneration.

Above all, in this study, we incorporated PDGF-
BB with MSCs and then seeded into PLGA/col-
lagen Compound scaffold to reconstruct the
damaged bladder. Then, we evaluated the effi-
ciency by functional and histological examina-
tion and discuss the potential mechanism.

Materials and methods
MSCs isolation and culture

MSCs were isolated and cultured from rabbits
as previously described [7], approved by the
Shanghai Fengxian Center Hospital Animal
Care and Use Committee. In brief, bone marrow
was aspirated from the sternum or the iliac
crest of anaesthetized New Zealand White
Rabbits, approximately 1.5~3.0 ml and dilut-
ed with 50 ml PBS containing preservative-
free heparin (1000 U/mL). After centrifugation,
1500 r/min, 20 min at room temperature, the
supernatant and adipose layer were discarded,
and the cells were collected which was mixed
with serum-free Dulbecco’s modified Eagle’s
medium (DMEM). Then 20 ml bone marrow
dilution was added to 20 ml Ficoll Lymphocyte
separation medium to achieve a single nuclear
cell. Then the single nuclear cells were diluted
in DMEM with low glucose, L-glutamine, 110
mg/L Na-Pyruvate, pyridoxine HCI (GIBCO, In-
vitrogen, CA), fetal bovine serum (10% w/v;
GIBCO) and incubated at 37°C with 5% humidi-
fied CO, for 24 hr. Then discarded the non-
adherent cells and changed the medium every

621

2~3 days. When culture flasks became nearly
confluent, the cells were detached and serially
sub-cultured. Semiconfluent cells of fourth pas-
sage were co-cultured with 0.1 pg/L PDGE-BB
for 7~14 days to be used for cell seeding ex-
periments.

Preparing the PLGA/collagen compound scaf-
fold

The PLGA/collagen compound scaffold was
prepared as previously described [8]. PLGA
(Ethicon, Somerville, NJ) knitted mesh was
immersed in a neutralized collagen solution
and then incubated at 37°C for 2 hr. The gel
formation was done during cell seeding.

Preparing the small intestinal submucosa (SIS)

Sections of rabbit jejunum were harvested
within 4 h of sacrifice. The fat was removed
from rabbit’s jejunum by washing carefully with
water and cut into lengths of approximately 10
cm. Then, the tunica serosa and tunica muscu-
laris were removed mechanically. The decellu-
larized SIS was washed with hypertonic saline
or detergent to remove the residual cells then
immersed into 10% Neomycin sulfatesterilized
solution for 20 min. The SIS was freeze-dried
before use.

Seeding MSCs on scaffolds

Fourth passage PDGE-BB induced MSCs were
seeded into the outside of PLGA/collagen or
SIS scaffolds by placing a cell suspension (10°
cells/ml) into the matrix in a flask filled with
DMED medium with low glucose, L-glutamine,
110 mg/L Na-Pyruvate, pyridoxine HCI and
10% FBS and incubated at 37°C with 5% hu-
midified CO, for 7 days before implantation.
The medium was changed daily.

Bladder reconstruction

A total of 21 healthy New Zealand white male
rabbits aged 3-5 months were selected and
provided by Shanghai slack laboratory animal
co., LTD. The selected rabbits were randomly
divided into three groups: Group A (n=9), Group
B (n=9), and Group C (n=3, control). Under
anesthesia, a defect was created in the dome
of the bladder wall by surgical incision in 18
rabbits (A and B), representing approximately
1x1 cm?. The seeded PLGA/collagen compound
Nanofiber scaffold, and SIS scaffold were su-
tured as patch into the dome of bladder with
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Figure 1. A. No diverticulum on the implanted portions covered by soft, vas-
cularized connective tissue was shown in the Group A and B. B. None stone
formation was formed in Group A and B.
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Figure 2. Bladder volume was evaluated at pre-op-
eration time and at 4, 8, 12 weeks after surgery in
the three groups. Group A: PLGA/collagen compound
scaffold, Group B: SIS, Group C: sham operation con-
trol. *P<0.05, Group A vs. Group B.

continuous 5-0 Vicryl suture in Group A and
Group B, respectively. Nothing was done in
Group C, Sham operation. Then all the rabbits
in Group A and B were placed with Prolene
marking sutures to rule out variation in the tis-
sue harvest. Finally, saline solution was instilled
into the bladder to test for any leakage.

Measurement of bladder volume

Bladder volume was tested by a 7 Fr double-
lumen transurethral catheter. The bladder was
emptied and then was filled with pre-warmed
saline solution at a constant rate. Maximal
capacity of the bladder was defined as the vol-
ume of infusion that triggered the first leakage
of urine [9].

Histology and immunohistochemistry

Three rabbits in each group were killed sepa-
rately at 4, 8, and 12 weeks after implantation.
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Before being euthanized, cys-
tography was performed and
the capacity of the bladder
was measured. Then bladder
tissues were isolated immedi-
ately after euthanization and
fixed in 10% neutral buffered
formalin. 5 um sections of
paraffin wax-embedded tissue
was sustained with H&E and
immunohistochemistry stain-
ing. The urothelial cell layers
were identified using the CD31
monoclonal antibody (Sigma,
St. Louis, MO, USA) and smo-
oth muscle cells at the re-
paired site were identified by a-smooth muscle
actin (a-SMA) monoclonal antibody (Sigma, St.
Louis, MO, USA).

Statistical analysis

The data of each group was expressed with
Mean £ SD. The difference of each group regar-
ding the urodynamic studies was carried out by
one-way ANOVA, followed by the LSD post-hoc
test within two groups’ comparison using Prism
3.0 software (GraphPad Software Inc. USA). P<
0.05 was defined as a statistical significance.

Results
Macroscopic features

The total of 21 rabbits survived till being killed.
Then the rabbits were anesthetized and killed/
terminated as previously described [9]. The
bladder was exposed through a midline inci-
sion for macroscopic inspection. It is easy to
identify and distinguish the irresolvable refer-
ence sutures at every time point. At 4 weeks
postoperatively, there was no diverticulum on
the transplanted portions and the outer sur-
face of the reconstructed bladder was covered
by/with soft, vascularized connective tissue. At
12 weeks postoperatively, the thickness of the
grated/grafted segments were similar in Group
A and B, and close to native bladder tissue
(Group C). None stone formation was shown in
all the rabbits in Group A and B (Figure 1).

Urodynamic studies

As shown in Figure 2, preoperatively, the bl-
adder capacities showed no significant dif-
ference among the three groups (Group A:
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Figure 3. Bladder Cystography performed at 12 weeks postoperatively. A.
PLGA-collagen hybrid scaffold. B. SIS.

Figure 4. Histological features of the transplanted grafts at 12 weeks post-
operatively. A. PLGA-collagen hybrid scaffold. B. SIS. C. Sham operation con-
trol.

Figure 5. Immunohistochemistry of the transplanted grafts. A. Staining with
CD31 (Group A), B. Staining with CD31 (Group B), C. Staining with a-SMA
(Group A), D. Staining with a-SMA (Group B).

(P > 0.05), and Group C was
50.21+1.98 ml. However, at 8
and 12 weeks after surgery,
bladder capacities in Group
A were significantly better
than that of the Group B
(38.16+1.54 ml and 46.17+
1.62 ml vs. 32.21+1.08 ml
and 40.52+1.26 ml respe-
ctively, P<0.05). Meanwhile,
at the same two time points,
the bladder capacity of Group
C showed no significant dif-
ference (50.31+2.21 ml and
50.98+1.89 ml, P> 0.05). Fur-
thermore, cystography reveal-
ed a better shape of recon-
structed bladders in Group A
(Figure 3).

Histology and immunohisto-
chemistry

The bladder tissue was stud-
ied by histology and immuno-
histochemistry. At 4 weeks po-
stoperatively, the H&E results
showed multilayered urotheli-
um at the implanted sites and
smooth muscle cells around
the graft site, both in Group A
and B. At 12 weeks, in Group
A, the reconstructed bladder
demonstrated a similar app-
earance to the native bladder
tissue histologically in Group
C. However, in Group B, the
smooth muscle cells at the
graft site were organized, but
still with significant difference
from the native bladder tissue
in Group C (Figure 4). Addi-
tionally, immunohistochemical
staining was positive for o-
smooth muscle actin (x-SMA)
in Group A and B, meaning
that smooth muscle cells were
well differentiated. The entire
urothelial cell layers stained
positively with anti-CD31 in
Group A and B (Figure 5).

50.23+2.12 ml, Group B: 50.73+1.93 ml, and Discussion

Group C: 49.68+2.01 ml). At 4 weeks after sur-

gery, the bladder capacities were decreased to Bladder augmentation or partial substitution is
31.48+1.03 ml in Group A and 28.32+1.27 ml often needed in bladder damage, like neuro-
in Group B, showing no statistical significance genic bladder, bladder exstrophy, oncology, and
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so on. The essential task is to re-construct the
function of the bladder. The traditional bladder
reconstruction using the gastrointestinal tract
leads to several complications including meta-
bolic, infection, perforation, urolithiasis, distur-
bances and malignant transformation [2, 6].
However, the ideal surgical approach is consid-
ered when there is low complication rate and
good functional result maintaining bladder
capacity and compliance. Recently, tissue engi-
neering has become a new hope for bladder
reconstruction as a viable alternative to avoid
many of these complications.

Over the decades, a number of investigators
have researched the functional regeneration of
bladder and urethra defects by seeding cells
into biodegradable materials and the results
showed that a cell-seeded scaffold is an alter-
native way to successful repair of bladder and
urethral defects. Sharma AK et al. [10] evalu-
ated the efficiency of seeding the bone marrow
derived mesenchymal stem cells (BMSCs) on
the small intestinal submucosa (SIS) to recon-
struct the bladder in a baboon model. The
results confirmed the BMSCs-seeded SIS on
bladder reconstruction with typical bladder
architecture, muscle-to collagen ratios of 32%
vs. 52% in unseeded vs. seeded group, respec-
tively, and a greater bladder capacity.

As seeding cells and scaffolds were the most
important two elements in tissue engineering.
A lot of researches were conducted on ex-
ploring the proper seeding cells or scaffolds.
Traditionally, autologous bladder smooth mus-
cle and urothelial cells are seeded into acellu-
lar matrices or synthetic scaffolds [11, 12].
However, these cells were difficult to harvest
and culture in vitro. Then investigators are
focusing on the other alternative cell sources,
such as embryonic stem cells, muscle-derived
cells, adult stem cells and bone marrow stem
cells (BMSCs) [13]. Mesenchymal stem cells
(MSCs) derived from the bone marrow stroma
have been confirmed to differentiate into vari-
ous tissue types in vitro, such as smooth mus-
cle urothelium and endothelial cells with the
advantage of easy to achieve, adequate re-
sources, less traumatic, no rejection response
and strong reproductive activity [14], and con-
sidered to be an attractive candidate for blad-
der reconstruction [15].

The standard augmentation matrix or scaffold
that can afford almost constant pressure val-
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ues while suiting large changes in intravesical
volume is still controversial. Small intestinal
submucosa (SIS) and bladder acellular matrix
grafts (BAMGs) were most often investigated
in animal models and achieved satisfactory
results, especially SIS, which could support the
growth of urothelial cells and the regeneration
of urethra without immune response. However,
there still exist lacks of enough growth of uro-
thelia and smooth muscle cells, leading to poor
contractile function [16]. Thus, the study of
bladder alternative material seems important
for bladder augmentation or substitution. Re-
cently, the most commonly used materials in
bladder regeneration research were Teflon, col-
lagen matrices and silicon [17]. However, the
major restriction of them is the incompatibili-
ties between cell and tissue, thus/hence lead-
ing to the development of other synthetic poly-
mers, like Poly (lactic-co-glycolic acid) (PLGA),
one of the most successfully developed biode-
gradable synthetic polymers [4]. PLGA has
shown its great potential in bladder regenera-
tion with several advantages, such as biocom-
patibility and biodegradability [18]. Additionally,
collagen has been often used in tissue engi-
neering because of its ability to be easily
manipulated, none immune response and bio-
compatibility and has been considered to be
the ideal material for nanofiber scaffold [19].
Thus, we assume that the combination of PLGA
and collagen will make the scaffold to have the
character of both mechanical property and bio-
compatibility and might be an ideal alternative
material to bladder functional reconstruction.

In the present study, we successfully isolated
MSCs from rabbits and prepared the PLGA/col-
lagen compound nanofiber scaffold. As is well
known, bioactive factors also play an important
role in bladder reconstruction with the essen-
tial signal and regulatory functions in the regen-
eration and development, maintenance of blad-
der tissues. Adding the exogenous delivery of
bioactive factors to make up the deficiency of
endogenous bioactive factors was important
for tissue regeneration and was considered as
having critical role in bladder regeneration [20].
Platelet-derived growth factor-BB (PDGF-BB)
was reported as a mitogenic signaling stimula-
tor in urinary tract smooth muscle cell. It has
been reported that incorporating PDGF-BB into
BAM can enhance bladder reconstruction by
functional and histological examination [1]. In
our study, we co-administrated Platelet-Derived
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Growth Factor-BB (PDGF-BB) with MSCs and
investigated its role in bladder smooth mus-
cle regeneration and vascularization. Then we
seeded the induced MSCs into the PLGA/colla-
gen compound scaffold to reconstruct bladder
in rabbit model (Group A). We also performed
SIS as positive control (Group B) and sham
group as blank control (Group C). The results,
as described above showed that MSCs demon-
strate good biocompatibility with PLGA/colla-
gen compound scaffold. Seeding the PDGF-BB
induced MSCs into the PLGA/collagen com-
pound scaffold can promote the regeneration
of bladder smooth muscle and urothelial cells
which is apparently superior to SIS scaffold.
These results indicated that PLGA/collagen
compound scaffold might be an excellent scaf-
fold material for bladder augmentation or par-
tial substitution.

Conclusions

Based on our study results, seeding MSCs co-
administered with PDGF-BB into PLGA/collagen
compound scaffold can promote better regen-
eration of urothelium and smooth muscle cells
than seeding into SIS in a rabbit model.
Therefore, we can conclude that PLGA/collagen
compound scaffold might be more suitable for
bladder regeneration than SIS.
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