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Abstract
Introduction and hypothesis Mesh-augmented reconstruc-
tive surgery for pelvic organ prolapse (POP) does not meet
clinical expectations. A tissue-engineered fascia equivalent
needs to be developed.
Methods Human vaginal fibroblasts (HVFs) from 10
patients were characterized in vitro. Eligible HVFs and a
biodegradable scaffold were used to fabricate a fascia
equivalent, which was then transplanted in vivo.
Results The cultured HVFs were divided into high (n=6) or
low (n=4) collagen I/III ratio groups. Cells of the high-ratio
group exhibited significantly higher proliferation potential
than those of the low-ratio group (P<0.05). A fascia
equivalent was made with HVFs of the high-ratio group.
In the subsequent animal study, a well-organized neo-fascia

formation containing HVFs could be traced up to 12 weeks
after transplantation.
Conclusions Our results suggest that a tissue-engineered
fascia could be developed from HVFs in vitro and in vivo,
which might be an effective treatment for POP in the future.
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Abbreviations
POP Pelvic organ prolapse
SUI Stress urinary incontinence
HVFs Human vaginal fibroblasts
PBS Phosphate-buffered saline
DMEM Dulbecco’s modified Eagle medium
FBS Fetal bovine serum
FITC Fluorescein isothiocyanate
DAPI 4,6-Diamidino-2-phenylindole dihydrochloride
HRP Horseradish peroxidase
ECL Enhanced chemiluminescence
PLGA Poly-DL-lactico-glycolic acid

Introduction

Pelvic organ prolapse (POP) is a common disorder affecting
women’s lives. Women with POP may suffer from chronic
pelvic pain, stress urinary incontinence (SUI), and impaired
quality of life. The lifetime risk of undergoing a surgery to
correct POP or SUI is 11%, with 30% of patients needing
re-operation [1]. Despite the high prevalence and recurrence
rates of this disorder, its pathophysiology is still not fully
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understood. It has been speculated that a structural defect
in the vagina and its supportive tissues is one of the
mechanisms that predispose a woman to POP [2]. In
an attempt to improve surgical outcomes, recently, synthe-
tic mesh and biological grafts have been increasingly
employed in reconstructive pelvic surgery for repairing
POP [3].

Recent meta-analysis has showed that in anterior vaginal
wall repair, there is short-term evidence that mesh/grafts
significantly reduced objective POP recurrence compared
with no mesh/grafts (relative risk 0.48, 95% CI 0.32–0.72).
The recurrence rate was lower with non-absorbable synthetic
mesh (8.8%) compared to rates associated with absorbable
synthetic mesh (23.1%) or biological grafts (17.9%).
However, the erosion rates were higher with synthetic non-
absorbable mesh (10.2%) compared to the absorbable
synthetic mesh (0.7%) or biological grafts (6.0%) [4]. A
recent literature review indicated that in contrast to the great
success rates associated with several small case series, an
erosion rate of up to 26% and a dyspareunia rate of 38%
has been reported for mesh introduced vaginally for POP
repair [5]. Therefore, the U.S. Food and Drug Administration
has recently announced to the public that serious complica-
tions can occur with trans-vaginal placement of surgical mesh
for the repair of POP and SUI and recommend thorough
counseling before an operation [6].

Currently, tissue-engineering includes cell transplanta-
tion and biodegradable scaffolds to construct biological
substitutes that will restore and maintain normal function in
diseased and injured tissues or organs. Regenerative
medicine efforts including cellular therapy and tissue-
engineering are also underway within the field of genito-
urinary tract reconstruction. De Filippo et al. demonstrated
the first tissue-engineered vaginal tissue in vivo with
vaginal epithelial and smooth muscle cells from female
rabbits [7]. Atala et al. successfully treated seven young
patients who needed cystoplasty with tissue-engineered
autologous bladder transplantation [8]. Recently, para-
urethral injection of autologous myoblasts with or without
the additional injection of autologous fibroblasts has been
used to treat women with SUI [9, 10].

We hypothesize that a tissue-engineered fascia equiva-
lent can be developed in vitro with autologous fibroblasts
and a biodegradable scaffold. In the future, this tissue-
engineered fascia equivalent may then be transplanted in
vivo to facilitate the formation of appropriate connective
tissue during the repair of POP. In order to test our
hypothesis, in this study, we tried to (1) characterize human
vaginal fibroblasts (HVFs) in vitro with regard to their
morphology, collagen contents, and proliferation potential;
(2) construct a tissue-engineered fascia equivalent in vitro
with eligible HVFs and an absorbable mesh scaffold; and
(3) evaluate the histological outcomes of subcutaneous

transplantation of the tissue-engineered fascia equivalent in
experimental nude mice.

Materials and methods

Tissue biopsy and cell culture

Full-thickness vaginal walls were excised from the vaginal
cuff during vaginal hysterectomies of 10 consecutive patients
with benign uterine tumors (patients 1, 2, and 10) or
symptomatic POP (patients 3, 4, 5, 6, 7, 8, and 9) (Table 1).
The tissue samples were immediately washed in phosphate-
buffered saline (PBS) solution to remove contaminated blood
and were then cut into small pieces. HVFs were obtained by
enzymatic digestion of tissue samples with 2 mg/ml
collagenase type I (Gibco, NY, USA) overnight at 37°C.
Isolated HVFs were subsequently cultured in Dulbecco’s
modified Eagle medium (DMEM, Gibco) supplemented with
10% fetal bovine serum (FBS, Gibco) and 1% penicillin–
streptomycin solution (Gibco) in culture flasks. For routine
culture and experiments, HVFs were cultured in an incubator
at 37°C in 5% CO2, 95% air, and 99% relative humidity, and
the medium was changed every 2 days. HVFs at the second
or third passage were used in the subsequent experiments.
All experiments were repeated three times. All procedures
that involved human subjects received prior approval from
the IRB of our institute, and a written informed consent was
obtained from each subject.

Cell morphology and phenotype identification

HVFs were cultured on round cover glasses in a 24-well
plate. HVFs were fixed with methanol at 4°C for 15 min and
washed with PBS three times. Mouse anti-human fibroblast
surface protein (1:200, Abcam, Cambridge, UK) was added
to the cells at 4°C overnight. After being washed with PBS
three times, the cells were incubated with goat anti-mouse
IgG-conjugated fluorescein isothiocyanate (FITC) (1:200,
Molecular Probes, USA) at room temperature for 2 h, and
then 4,6-diamidino-2-phenylindole dihydrochloride (DAPI)
nuclear staining was performed at room temperature for
10 min. The slides were mounted with Prolong® Gold
antifade reagent (Invitrogen, Carlsbad, CA, USA). The
morphology and phenotype of the HVFs were observed
under a light microscope and a fluorescence microscope,
respectively (Carl Zeiss Axiovert 200M, Oberkochen,
Germany).

Analysis of type I and III cellular collagen

Immunostaining HVFs were cultured in six-well plates
and were washed with ice-cold PBS three times and
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fixed with ice-cold methanol for 5 min. For blocking
non-specific binding sites, HVFs were incubated in PBS
with 1% bovine serum albumin (DMEM, Gibco) and
washed with PBS three times. The HVFs were incubated
with primary antibody mouse anti-human collagen type I
(1:200, Sigma, USA) and goat anti-human collagen type
III (1:200, Sigma, USA) at 4°C overnight followed by
secondary antibody goat anti-mouse IgG-conjugated
FITC (1:200) and rabbit anti-goat IgG-conjugated FITC
(Molecular Probes) at room temperature for 2 h. The
slides were mounted with Prolong® Gold antifade reagent
(Invitrogen) and examined using a fluorescence micro-
scope (Carl Zeiss Axiovert 200M, Oberkochen, Germany).
The staining for collagen type I and III was done
separately.

Western blotting Equivalent amounts of protein were sepa-
rated by electrophoresis on an 8% SDS–polyacrylamide gel
and transferred to a polyvinylidine difluoride membrane
(Millipore, MA, USA). The membrane was blocked with
PBS containing 5% bovine serum albumin at room
temperature for 1 h. The membrane was then incubated
with primary antibody solution at 4°C overnight. After
washing with PBS, the membrane was incubated with
horseradish peroxidase (HRP)-conjugated secondary anti-
body at room temperature for 1 h. Signals were detected
with enhanced chemiluminescence substrate (Perkin Elmer,
Boston, USA) and the Fujifilm E1000 imaging system.
Data were analyzed with Fujifilm Image Gauge V4.0 (Fuji
film Science Lab 2001). Antibodies used for western
blotting were mouse anti-human collagen type I (1:1,000,
Sigma, USA), goat anti-human collagen type III (1:1,000,
Sigma, USA), goat anti-mouse HRP-conjugated secondary
antibody (1:4,000, Sigma, USA), and rabbit anti-goat
HRP-conjugated secondary antibody (1:4,000, Sigma,
USA).

Cell growth curve

HVFs were seeded at a density of 2×104cells/well in 24-
well plates for 90 min to allow for cell attachment.
Randomly selected plates were photographed in five visual
fields by a phase contrast microscope at the beginning, 0 h,
and at 12, 24, 48, and 72 h after seeding. The cells were
pre-cooled at 4°C for 30 min, fixed in methanol for 5 min,
and stained with nuclear stain DAPI. The numbers of HVFs
at different time points were calculated. The percentage of
increasing HVFs at different time points was obtained (cell
numbers at 12, 24, 48, and 72 h divided by the cell numbers
loaded at the beginning). The percentage of HVFs was
plotted against culture time to generate the growth curve.
The experiment was repeated three times.

Fabrication of tissue-engineered fascia equivalent in vitro

The preparation was modified from the methods described
by Nakanishi et al. [11]. In brief, a collagen gel was
prepared by mixing 1.5 ml of ice-cold porcine collagen type
I solution (BD Bioscience, Bedford, USA) with 0.5 ml of
5.7× DMEM (Gibco), 0.5 ml HEPES, 0.25 ml NaHCO3,
50 μl CaCl2, and 50 μl 0.1 N NaOH. Before polymeriza-
tion of the gel in the inserts at 37°C, the HVFs suspension
solution (5×105 cells/ml in 2.15 ml of 1× DMEM
supplemented with 23.3% FBS; Gibco) was added to the
collagen solution (the final collagen concentration was
1.1 mg/ml). The collagen solution containing the HVFs was
then applied to the biodegradable poly-DL-lactico-glycolic
acid (PLGA) mesh (Ethicon, Edinburgh, UK). The HVFs
were labeled in advance with a 1:200 dilution of dialkyl-
carbocyanine fluorescent solution (Vybrant® DiI, Molecular
Probes) according to the manufacturer’s protocol. DiI is a
hydrophobic and lipophilic cyanine dye that can be
incorporated into cell membranes. HVFs were stained and

Patient Age POP stage Surgery Collagen I/III ratio Growth ratio

1 40 0 LAVH 1.22±0.08 9.95±1.20

2 54 0 LAVH 1.25±0.09 8.00±1.10

3 69 3 VTH 0.83±0.07 4.85±1.33

4 60 3 VTH 0.33±0.06 0.97±1.01

5 43 2 VTH 1.39±0.05 7.83±1.20

6 54 3 VTH 1.18±0.07 10.10±1.50

7 65 3 VTH 1.39±0.06 4.96±0.66

8 59 2 VTH 0.44±0.08 3.85±1.01

9 63 3 VTH 0.63±0.05 2.82±0.66

10 48 0 LAVH 1.10±0.05 6.15±0.55

Mean 55.5±3.2 2 0.98±0.06 5.95±1.02

Table 1 The clinical data,
collagen I/III ratios, and growth
ratios of the vaginal fibroblasts
of the 10 consecutive patients
who underwent vaginal
hysterectomy

LAVH laparoscopically assisted
vaginal hysterectomy, VTH vag-
inal total hysterectomy
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tracked in vitro and in vivo by using this dye. When the gel
containing the HVFs underwent polymerization, DMEM
supplemented with 10% FBS and ascorbic acid (final
concentration, 50 ng/ml) was added. The scaffold seeded
with HVFs (fascia equivalent) was kept in a submerged
culture for 5 days in standard culture conditions before the
animal study. Three sets (four pieces in each set) of the
fascia equivalent were prepared with HVFs of high
collagen I/III ratios from three patients (patients 5, 6, and
7, respectively) with symptomatic POP. PLGA mesh mixed
with collagen gel without HVFs seeding was used for
implantation as the control.

Graft transplantation and tissue procurement

Animal studies were performed according to the guidelines
set by the Animal Research Committee at our institution.
Three sets (four mice in each set) of experimental nude
mice (8 weeks old) were prepared for the transplantation of
the tissue-engineered fascia equivalent. Each mouse under-
went subcutaneous transplantation with one HVFs-seeded
(left side) and one unseeded (right side) scaffold under the
back skin. The animals were killed at 2, 4, 8, and 12 weeks
after transplantation to harvest tissue samples for the
subsequent histological analysis.

Histological analysis

All specimens were fixed with formalin and embedded with
paraffin. Tissue sections were cut for histological examina-
tion. All slides were photographed, and images were
digitalized using a color digital camera and imaging
software (Spot, version 2.1, Diagnostic Instruments, Ster-
ling Heights, MI, USA). Localization of DiI-labeled cells
was determined using a fluorescence microscope (Carl
Zeiss Axiovert 200M, Oberkochen, Germany) filtered for
excitation/emission at 546/590 nm. Cell nuclei were
counterstained with DAPI, and HVFs were simultaneously
identified by DiI.

Statistical analysis

All data were presented as mean±SD (standard deviation).
The statistical analysis was performed using paired Stu-
dent’s t test. The level of statistical significance was set at
P value <0.05.

Results

Vaginal tissue samples were harvested from 10 consecutive
patients. The mean age was 55.5 (range 40–69) years old,
and the median POP stage was 2 (range 0–3). The cultured

HVFs demonstrated high cell purity with homogenous and
typical cell morphology at the second or third passage. The
phenotype of the HVFs was further identified by immu-
nostaining of fibroblast surface protein.

Collagen type I and type III were determined by
immunostaining and Western blotting. HVFs derived from
the 10 patients were divided into two groups: the high
(ratio>1.0; patients 1, 2, 5, 6, 7, and 10; n=6) or low (ratio
<1.0; patients 3, 4, 8, and 9; n=4) ratio group according to
the collagen I/III ratios determined by Western blotting
(Fig. 1a–c). The mean collagen I/III ratios of the high- and
low-ratio groups were 1.26±0.08 and 0.56±0.13, respec-
tively. HVFs with high collagen I/III ratios also expressed
significantly greater cell proliferation potential than those of
the low-ratio group after 72 h incubation of the subculture
(7.83±1.18 versus 3.12±0.96, P<0.01; Fig. 1d). The
clinical data, collagen I/III ratios, and growth ratios of the
HVFs of the 10 consecutive patients are summarized in
Table 1.

HVFs with high collagen I/III ratios from three patients
(patients 5, 6, and 7) with symptomatic POP also expressed
higher proliferation potential under cultured conditions.
These HVFs were used for the subsequent experiment to
construct the tissue-engineered fascia equivalent in vitro.
Microscopically, at the beginning of the fabrication, HVFs
appeared in the collagen gel, which was applied to the
openings of the PLGA mesh (Fig. 2 a, a1). After 5 days of
in vitro cultivation, a tissue-engineered fascia equivalent of
high cellularity with homogenous distribution was har-
vested (Fig. 2 b, b1). Meanwhile, the previously DiI-labeled
HVFs in the tissue-engineered fascia equivalent were traced
under a fluorescence microscope after 5 days of in vitro
cultivation (Fig. 2 c).

Figure 3a, d shows the histological results of the tissue-
engineered fascia equivalent up to 12 weeks after subcuta-
neous transplantation. Neo-fascia formation with complete
resolution of the mesh was observed in all three sets that
were transplanted. The newly formed fascia tissue was either
a multi-layered structure with smooth contours (Fig. 3c) or a
well-organized, lamellar structure with abundant cellularity
and became well incorporated into the native tissues of the
host (Fig. 3d). In contrast to the favorable outcome of the in
vivo transplantation of tissue-engineered fascia equivalent,
only one of the three sets that were implanted in the control
group of collagen gel-coated PLGA mesh without cell
seeding resulted in well-defined neo-tissue formation
(Fig. 3e–h). However, the neo-tissue formation appeared as
a disorganized, clumpy structure with scanty cellularity
(Fig. 3g). Meanwhile, in the control study where no obvious
neo-tissue was formed, a granuloma-containing inflammato-
ry cells was noted (Fig. 3h).

In addition, the neo-fascia formation after the in vivo
transplantation of the tissue-engineered fascia equivalent
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was identified to be of human origin by the demonstration
of previously DiI-labeled HVFs under fluorescence micros-
copy (Fig. 4a, b). Also, the collagen component was
abundant in the neo-fascia as shown by Manson Trichrome
staining (Fig. 4c).

Discussion

To the best of our knowledge, this is the first study to
successfully fabricate a tissue-engineered fascia in vivo
with eligible HVFs. We found that cultured HVFs in groups
with high cellular collagen I/III ratios (>1.0) expressed a
significantly higher proliferation potential than the groups
with low ratios (<1.0). Subsequently, we used HVFs with
high collagen I/III ratios from patients with symptomatic

POP to fabricate a tissue-engineered fascia equivalent.
These tissue-engineered fascia equivalents transplanted
subcutaneously in experimental nude mice resulted in a
well-organized neo-fascia formation, which has been
proven to be of human origin.

Human fibroblasts have the advantages of being easily
harvested, cultured, and expanded in vitro, which make
them an ideal cell source for regenerative medicine. In this
study, we found that a homogenous cell population of
typical morphology could be harvested by sub-culturing
HVFs at the second or third passage. Applying these sub-
cultured HVFs to develop a tissue-engineered fascia
equivalent to reinforce the defective supportive or suspen-
sion tissue of the vagina in reconstructive pelvic surgery for
repairing POP seems promising. In contrast, De Filippo et
al. used vaginal epithelial and smooth muscle cells from

Fig. 1 Determination of cellular collagen I and III and the growth
curve of cultured HVFs. a Immunostaining for the expression of
collagen I and III differed among patients, with a decrease in collagen
I shown in patient 4 compared to patient 1 (original magnification,
×400). b Western blotting results revealed a decrease in collagen I and

an increase in collagen III in patients 3, 4, 8, and 9 that resulted in low
collagen I/III ratios in these patients. c Patients were divided into two
groups with either high or low collagen I/III ratios. d HVFs with high
collagen I/III ratios expressed greater cell proliferation ability than
those with low ratios
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female rabbits to make the first tissue-engineered vaginal
tissue in vivo. However, they aimed to correct congenital
vaginal anomalies and cloacal malformations [7]. Recently,
there have been several clinical trials of cellular therapy
using autologous fibroblasts. Weiss et al. [12] conducted a
study to demonstrate the efficacy and safety of autologous
fibroblast injections for treatment of various facial contour
defects. Mitterberger et al. [9] used a double urethral
injection of autologous myoblasts and fibroblasts to treat
SUI in 123 women with 79% of patients being cured at a 1-
year follow-up.

Our novel findings show that cultured HVFs in groups
with high cellular collagen I/III ratios expressed a signifi-
cantly higher proliferation potential than the groups with
low ratios. However, the correlation of fibroblast prolifer-
ation and changes in collagen metabolism in vitro and in
women with POP (in vivo) needs to be further explored. To
date, there are limited investigations on the collagen
metabolism of HVFs. Makinen et al. [13] studied the rates
of collagen synthesis and pro-collagen mRNA levels in
cultured fibroblasts of patients with POP. They found that
these fibroblasts exhibited rates of collagen synthesis
similar to or slightly higher than those from age-matched
controls. However, the existence of a possible qualitative
change of collagen subtypes could not be excluded in their
study. In contrast, the collagen metabolism in skin
fibroblasts derived from patients with inguinal hernias has

been well investigated [14, 15]. POP is considered to share
similar pathophysiology with the condition of a hernia, and
it was found that patients with advanced POP also had a
higher prevalence of this abnormality [16]. Zheng et al. [15]
studied cultured skin fibroblasts from patients with recur-
rent inguinal hernias and found that both ratios of pro-
collagen mRNAs type I/III and collagen type I/III decreased
significantly in the patient group compared to the control
group.

By using a modification of the tissue-engineering
method as described by Nakanishi et al. [11], we were able
to fabricate a fascia equivalent of high and homogeneously
distributed cellularity in vitro within a short duration of five
days. The efficiency of the tissue-engineering techniques
may be a result of the usage of the extracellular matrix
medium, e.g., the collagen gel in this study, to enhance the
incorporation of the cells and mesh scaffold components. It
is believed that in the tissue-engineered construct, the mesh
scaffold contributes strength, and the extracellular matrix
medium promotes cell growth and homogeneous distribu-
tion [17]. In their study, Nakanishi et al. successfully
constructed a tissue-engineered urinary bladder wall by
seeding porcine urothelial cells on a collagen sponge-
PLGA mesh and smooth muscle cells on collagen gel–
PLGA mesh scaffolds [11].

In the subsequent animal study and histological analysis,
we have shown that the transplantation of the tissue-

Fig. 2 Fabrication of tissue-engineered fascia equivalent in vitro. a, b
After 5 days of in vitro cultivation, a fascia equivalent was made with
biodegradable PLGA mesh and the eligible HVFs (original magnifi-
cation, ×40). a1, b1 are the magnification of a, b to demonstrate the

rapid proliferation and homogenous distribution of HVFs cultured in
the fascia equivalent (original magnification, ×200). c The previously
DiI-labeled HVFs were identified in the fascia equivalent under
fluorescence microscopy (original magnification, ×100)
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engineered fascia equivalent resulted in neo-fascia forma-
tion, which was well organized and appeared to be well
incorporated into the native tissue of the host. In contrast,
the implantation of the collagen gel-coated PLGA mesh
scaffold resulted in a histological outcome that was
obviously inferior. Furthermore, the serial histological
findings indicated a tissue regeneration process following

the in vivo transplantation of a tissue-engineered fascia
equivalent (Fig. 3a–d). There is a progressive diminished
inflammatory reaction concomitant with neo-fascia forma-
tion and maturation. Although the thickness of the neo-
fascia formation varied at 12 weeks of transplantation, it did
not seem to increase with time in the assessment period.
The difference may be due to the surgical manipulation

Fig. 3 The H&E staining
results of the in vivo transplan-
tation of the tissue-engineered
fascia equivalent (a–d) and the
control study (e–h). a Two
weeks later, the fascia equiva-
lent remained intact with super-
ficial lamellar fascia-like tissue
formation. Meanwhile, e a rapid
degradation of the implanted
mesh in the host was noted in
the control. b At 8 weeks, a
nodular neo-fascia with capsule
formation was noted. Mean-
while, f a marked fibrotic tissue
reaction was noted in the con-
trol. c After 12 weeks, a multi-
layered neo-fascia with smooth
contours or d a well-organized
lamellar neo-fascia formation
was noted following the trans-
plantation of the fascia equiva-
lent. In contrast, g a
disorganized, clumped neo-
tissue formation with scanty
cellularity or h a granuloma
formation was noted in the
control study. (Original magni-
fication, ×100 except a and d
×200; SK skin, SM superficial
muscle, DM deep muscle, F
fascia, FE fascia equivalent, MH
mesh, TF tissue formation,
arrow granuloma)
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with single or multi-layered transplantation. Besides, the
thin neo-fascia formation is not likely a granulation tissue
reaction induced by surgery itself because it did not contain
the defined components such as dilated vessels, infiltrated
fibroblasts, and inflammatory cells. In contrast, the serial
histological findings of the control study indicated an
induced inflammatory reaction resulting in fibrotic tissue
deposition or granuloma formation (Fig. 3e–h). Recently,
Vandevord et al. examined the in vivo implantation of
several biological sling materials and found varying stages
of tissue remodeling through a 12-week evaluation.
Changes in biocompatibility parameters such as capsule
formation (collagen deposition), cellular infiltration, and
angiogenesis were compared among different materials
[18]. Similarly, the limitations of their study as well as
ours is the difficulty in translating the knowledge gained
from the animal model directly to humans, and the short-
term (12 weeks) histological outcomes need to be verified
by further long-term evaluation.

Another important histological finding in our in vivo
experiment was that the DiI-labeled HVFs fully occupied
the neo-fascia formation after the in vivo transplantation of
the tissue-engineered fascia equivalent. This result indicates
that it is the transplanted HVFs and not the host cells that

aid in the regeneration process. Therefore, autologous cells
for tissue-engineering applications in regenerative medicine
should be screened for their eligibility beforehand to ensure
favorable outcomes. As we have shown in this study,
eligible HVFs for tissue engineering were cells with high
collagen I/III ratios. Unfortunately, HVFs from most (4/7)
of our patients with symptomatic POP had low collagen I/
III ratios. Therapeutic regimens or replacement cell sources
should be found for these patients. Zong et al. [19, 20]
studied the cultured pelvic fibroblasts from women with
POP and found that the active form of MMP-1 and MMP-
13 is suppressed by the concomitant addition of estradiol
and progesterone, suggesting their protective effect against
collagen degradation. It has also been suggested that POP
could be treated with autologous stem cells [21]. Recently,
mesenchymal stem cells from human bone marrow have
been successfully differentiated into the fibroblastic lineage
[22].

In conclusion, we suggest that HVFs with high collagen
I/III ratios, which also exhibit a high proliferation potential,
could be the candidate cells for the construction of a fascia
equivalent in vitro with a biodegradable scaffold. On the
other hand, therapeutic regimens or replacement cell
sources should be found for patients who have HVFs with

Fig. 4 The histological
outcomes of the subcutaneous
transplantation of the tissue-
engineered fascia equivalent in
experimental nude mice after
12 weeks using H&E staining,
fluorescence microscopy, and
Manson Trichrome staining
(original magnification, ×100). a
A neo-fascia formation was
noted between the superficial
muscle (SM) and deep muscle
(DM) layers. b Under fluores-
cence microscopy, the newly
formed fascia tissue was full of
the previously DiI-labeled
HVFs. c Manson Trichrome
staining revealed abundant col-
lagen content (blue) within the
neo-fascia formation. (SK skin,
SM superficial muscle, DM deep
muscle, F fascia)
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low collagen I/III ratios and are, therefore, ineligible for
therapeutic applications. The favorable histological out-
come of in vivo transplantation of a tissue-engineered fascia
equivalent resulting in a well-organized neo-fascia forma-
tion suggests a promising treatment option for POP in the
future.
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