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Collagen metabolic disorder induced by oxidative stress in
human uterosacral ligament-derived fibroblasts: A possible
pathophysiological mechanism in pelvic organ prolapse
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Abstract. Pelvic organ prolapse (POP) is a global health
problem, for which the pathophysiological mechanism remains
to be fully elucidated. The loss of extracellular matrix protein
has been considered to be the most important molecular basis
facilitating the development of POP. Oxidative stress (OS)
is a well-recognized mechanism involved in fiber metabolic
disorders. The present study aimed to clarify whether OS exists
in the uterosacral ligament (USL) with POP, and to investigate
the precise role of OS in collagen metabolism in human USL
fibroblasts (hUSLFs). In the present study, 8-hydroxyguanosine
(8-OHdG) and 4 hydroxynonenal (4-HNE), as oxidative
biomarkers, were examined by immunohistochemistry to
evaluate oxidative injury in USL sections in POP (n=20) and
non-POP (n=20) groups. The primary cultured hUSLFs were
treated with exogenous H,0, to establish an original OS cell
model, in which the expression levels of collagen, type 1, al
(COL1A1), matrix metalloproteinase (MMP)-2, tissue inhibitor
of metalloproteinase (TIMP)-2 and transforming growth
factor (TGF)-PB1 were evaluated by western blot and reverse
transcription-quantitative polymerase chain reaction analyses.
The results showed that the expression levels of 8-OHdG and
4-HNE in the POP group were significantly higher, compared
with those in the control group. Collagen metabolism was
regulated by H,O, exposure in a concentration-dependent
manner, in which lower concentrations of H,O, (0.1-0.2 mM)
stimulated the anabolism of COL1AI1, whereas a higher
concentration (0.4 mM) promoted catabolism. The expression
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levels of MMP-2, TIMP-2 and TGF-p1 exhibited corresponding
changes with the OS levels. These results suggested that OS
may be involved in the pathophysiology of POP by contributing
to collagen metabolic disorder in a severity-dependent manner
in hUSLFs, possibly through the regulation of MMPs, TIMPs
and TGF-p1 indirectly.

Introduction

Pelvic organ prolapse (POP) is a global health problem, which
adversely affects 50% of women >50 years old, in terms of
poor life quality and increasing economic burden (1-3),
and has become one of the most common indications for
gynecological surgery in elderly women (4). However, the
etiology and pathophysiological mechanisms remain to be
fully elucidated. POP is considered to be a multifactorial
etiological disease (5,6). Aging and vaginal childbirth are
well established risk factors, and other factors, including
obesity, chronic constipation and declined hormonal status
(menopause), have also been reported to be associated with
prolapse (6). Previous studies have demonstrated pelvic muscle
injuries (7), loss of extracellular matrix (ECM) (8-10) and
hyperfunction of matrix metalloproteinases (MMPs) (11,12),
together with upregulated cell apoptosis and downregulated
proliferation in pelvic connective tissue in women with
POP (13). The loss of ECM proteins is considered to be the
molecular basis facilitating the incidence and development
of POP (10).

OS reflects a status of imbalance, in which excessive
accumulated reactive oxygen species (ROS) exceeds
the neutralizing ability of the redox system in cells,
resulting in oxidative damage to cell organisms, including
deoxyribonucleic acid (DNA), proteins and lipids. In addition,
ROS act as cellular messengers modulating specific signaling
pathways (14). Previous studies have suggested that OS is
involved in cardiovascular remodeling and fibrotic disorders
by activating MMPs, and reducing collagen synthesis in
fibroblasts and smooth muscle cells (15-17). Thus, the present
study hypothesized that OS may contribute to collagen
metabolic disorder in the pathogenesis of POP. If this is the
case, it may assist in developing novel clinic therapeutic
strategies.
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In the present study, this hypothesis was tested through a
number of experiments. Preliminarily, specimens of human
uterosacral ligament (USL) were collected to identify the
oxidative damage, and assess whether there are differences
between women with and without POP. Furthermore, the
cytotoxic effect of hydrogen peroxide (H,O,) on fibroblasts
derived from normal human USL tissues was evaluated. A cell
model was also established to mimic intracellular OS , in order
to investigate the exact role of OS in collagen metabolism and
the associated mechanisms.

Materials and methods

Patient grouping and sample collection. The study was
approved by the ethics committee of Renim Hospital of
Wuhan University (Wuhan, China), and each participant
provided written informed consent, according to the
Declaration of Helsinki (18). A total of 56 menopausal
women were enrolled from the Department of Obstetrics and
Gynecology, Renmin Hospital of Wuhan University between
March 2011 and June 2013. Menopause was defined as
the cessation of menses for at least 1 year. The study group
consisted of 20 women, who underwent hysterectomy as part
of pelvic reconstruction surgery for POP stage II, III or IV,
according to POP quantitative examination (POP-Q) (19).
In addition, 20 women without POP (non-POP group), who
underwent hysterectomy for benign indications, including
cervical intraepithelial neoplasia and dysfunctional uterine
bleeding, served as the control group. Another 16 non-POP
cases were used to develop primary and passage cultures of
human uterosacral ligamental fibroblasts (hUSLFs). In order to
minimize the effects of confounding factors on the expression
of OS biomarkers, women who had pelvic infectious
diseases, leiomyoma, adenomyosis, endometriosis, history
of pelvic surgery, malignant gynecological tumors, systemic
autoimmune diseases, cardiovascular diseases, diabetes
mellitus or other endocrine disorders, and neuromuscular
degenerative diseases were excluded from either group. In
addition, women who received hormone replacement therapy
or antioxidant supplementation were not included in either
group.

Tissue sample biopsies measuring 0.5x1.0 cm were
obtained from the USL, close to the cervix, during surgery,
following which the specimens were prepared according to the
respective following protocols for the different investigations.

Immunohistochemistry. The tissue specimens were fixed
with 4% paraformaldehyde and embedded in paraffin (both
purchased from Maxim Biotechnology Development Co.,
Ltd., Fuzhou, China), and then sliced into 4 ym sections for
immunohistochemical staining. An Elivision™ super HRP
[HC kit (cat. no. Kit-9921; Fuzhou Maxim Biotechnology
Development Co., Ltd.), was used for immunohistochemistry.
The paraffin-embedded sections were incubated for
30 min at 60°C, and then deparaffinized and rehydrated in
a graded alcohol series. Antigen retrieval was performed
by heat mediation in citrate buffer (pH<6) or EDTA buffer
(pH>9), according to the product datasheets for the primary
antibodies. The sections were then incubated with 3% H,0O,
(Maxim Biotechnology Development Co., Ltd.) for 10 min
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at room temperature to inactivate endogenous peroxidase,
and blocked with 5% goat serum for 15 min. The sections
were then incubated with primary antibodies overnight at
4°C. Following incubation with streptavidin peroxidase
(Maxim Biotechnology Development Co., Ltd.) for 10 min
at room temperature, secondary antibodies were added for
30 min at 37°C. The immune reaction was then visualized
using DAB (Fuzhou Maxim Biotechnology Development
Co., Ltd., Fuzhou, China). The specimens were washed with
phosphate-buffered saline (PBS) following each step in the
protocol. For the negative controls, the primary antibody was
replaced with PBS. The following antibodies were used: Mouse
monoclonal anti-8-hydroxyguanosine (8-OHdG) antibody
(1:100 dilution; ab62623; Abcam, Cambridge, UK), rabbit
polyclonal anti-4-hydroxynonenal (4-HNE) antibody (1:200
dilution; ab46545; Abcam) and rabbit polyclonal anti-TGF-f1
antibody (1:100 dilution; ab53169; Abcam). Secondary
antibodies included goat anti-rabbit polyclonal horseradish
peroxidase (HRP)-conjugated IgG (1:1,000 dilution; ab97051;
Abcam) and goat anti-mouse polyclonal HRP-conjugated IgG
(1:1,000 dilution; ab97023; Abcam). Immunoreactivity was
quantified by the integrated optical density value, obtained
from immunohistochemical images using Image-Pro Plus 6.0
software.

Primary cell culture and passaging. hUSLFs were developed
from the fresh USL biopsy tissues, according to Gibco (Thermo
Fisher Scientific, Inc., Waltham, MA, USA) protocols for
primary culture. Briefly, the tissue samples were cut into
small sections (~] mm?®) and washed twice in PBS, followed
by digestion with collagenase I (Invitrogen; Thermo Fisher
Scientific, Inc.) and trypsase (Sigma-Aldrich, St. Louis, MO,
USA) successively. The isolated cells were routinely cultured
in Dulbecco's modified Eagle's medium (GE Healthcare Life
Sciences. Logan, UT, USA) supplemented with 10% fetal
bovine serum, 1% penicillin (100 U/ml) and streptomycin
(100 ug/ml) (Gibco; Thermo Fisher Scientific, Inc.) in a 5%
CO,-humidified atmosphere at 37°C. The cells were subcultured
at a confluence of 80%. To identify the cells as fibroblasts,
immunocytochemical analyses were performed. Cytokeratin is
a specific biomarker for epithelial original cells, while vimentin
is a specific biomarker for mesenchymal original cells (20).
Cells were seeded into a six-well plate containing a pre-placed
coverslip at a density of 1x10° cells/ml, and incubated at 37°C
for 48 h. The cells were harvested at 70% confluence, washed
with PBS and fixed in 4% paraformaldehyde for 20 min at room
temperature, and then permeabilized using 0.3% Triton X100
buffer (Sigma-Aldrich) for 10 min at room temperature. After
three washes with PBS, the cells were incubated with 3% H,0,
for 10 min at room temperature to inactivate the endogenous
peroxidase. After being washed thrice with PBS, the slides were
blocked with 1% bovine serum albumin (Sigma-Aldrich) in PBS
for 30 min at room temperature. Next, the cells were incubated
with mouse monoclonal vimentin (1:200 dilution; sc6260; Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA), and mouse
monoclonal cytokeratin-19 (1:200 dilution; sc6278; Santa Cruz
Biotechnology, Inc.) antibodies overnight at 4°C followed by
three washes in PBS. Subsequently, the cells were incubated
with secondary antibodies (k5007; Dako, Glostrup, Denmark)
at room temperature for 1 h followed by three washes in PBS,
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and visualized using 3,3'-diaminobenzidine (k5007; Dako). The
immunocytochemical staining slides were evaluated using a
microscope (BX51; Olympus Corporation, Tokyo, Japan).

Cell Counting Kit-8 (CCK-8) assay for assessment of
cytotoxicity. Cytotoxicity was measured using a CCK-8 assay
(Beyotime Institute of Biotechnology, Haimen, China). Cells
suspended with Dulbecco's modified Eagle medium (100 ul;
Gibco; Thermo Fisher Scientific) were inoculated into a
96-well plate (5,000 cells/well) and incubated for 24 h at 37°C,
following which the spent culture medium was removed and
100 pl of prepared media containing various concentrations
of H,0, (0,0.2,0.4,0.8 and 1.6 mM) was added. Each sample
was loaded in triplicate. Following incubation at 37°C for
4 and 24 h respectively, 10 ul CCK-8 solution was added into
each well and incubated at 37°C for 4 h. The absorbance was
measured at 450 nm using a microplate spectrophotometer
(Victor3 1420 Multilable Counter; PerkinElmer, Inc., Waltham,
MA, USA). The viability of the treated group was expressed
as a percentage of the untreated control group, which was
designated as 100%.

Flowcytometricassayfor cellapoptosis. Annexin V-fluorescein
isothiocyanate (FITC)/propidium iodide (PI) double staining
was used to assay cell apoptosis, in strict accordance
with the manufacturer's protocols (Beyotime Institute of
Biotechnology). In brief, the cells were resuspended at a
density of 1x10%ml and incubated with 10 1 Annexin V-FITC
at room temperature for 30 min in the dark. Subsequently,
5 ul PI was added for 5 min, following which 400 ul 1X
binding buffer was added into each tube. A flow cytometer
(BD FACSCalibur; BD Biosciences, San Jose, CA, USA) was
finally used to detect the labeled cells.

Direct immunofluorescent assay for intracellular ROS.
Following exposure to different concentrations of H,O,, The
cells were incubated with 10 yM 2'7'-dichlorofluorescein
diacetate (DCF-DA; Applygen Technologies, Inc., Beijing,
China), a peroxide sensitive fluorescent probe, for 30 min at
37°C, according to the manufacturer's protocol. Images were
captured with a fluorescent microscope (BC51; Olympus
Corporation) and analyzed using Image-pro Plus 6.0 software
(Media Cybernetics, Inc., Rockville, MD, USA).

Indirect immunofluorescent assay for intracellular 8-OHdG.
Following treatment with H,O, solution or the placebo,
the plated cells were fixed and incubated with mouse
monoclonal anti-8-OHdG (1:100 dilution; ab62623; Abcam)
overnight at 4°C, and were then successively incubated
with fluorescent-labeled goat anti-mouse polyclonal IgG
secondary antibody (1:500 dilution; ab150117; Abcam) and
DAPI (2 ug/ml; Beyotime Institute of Biotechnology) at room
temperature for 20 min, according to routine protocols. The
cells were observed under a fluorescent microscope (Olympus
Corporation) and analyzed using Image-pro Plus 6.0 software.

Western blot analysis. Total protein was extracted from the USL
cells using radioimmunoprecipitation assay buffer (Beyotime
Institute of Biotechnology) containing phenylmethylsulfonyl
fluoride, and the quantity was determined using a Bicinchoninic
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Acid Protein Assay kit (Beyotime Institute of Biotechnology).
The protein samples (20 pg) were separated by electrophoresis
on SDS-PAGE gels (10%; Beyotime Institute of Biotechnology)
and transferred onto polyvinylidene fluoride (PVDF)
membranes (EMD Millipore, Billerica, MA, USA). Following
blocking, the membranes were incubated overnight at 4°C
with diluted primary antibody. The PVDF membranes were
then washed three times with Tris-buffered saline with 0.1%
Tween 20 (Beyotime Institute of Biotechnology), and the blots
were incubated with IRDye 800CW goat anti-rabbit/mouse
secondary antibodies (1:10,000 dilution; LI-COR Biosciences,
Lincoln, NE, USA) at room temperature for 1 h. Finally,
the protein intensity were scanned as a fluorescent signal
and quantified using an Odyssey imaging system (LI-COR
Biosciences, Lincoln, NE, USA). Experiments were performed
in triplicate. The following primary antibodies were used:
Polyclonal rabbit collagen, type 1, al (COL1A1) antibody
(1:400 dilution, sc-8784-R), polyclonal rabbit MMP-2 antibody
(1:400 dilution; sc-10736), polyclonal rabbit TIMP-2 antibody
(1:500 dilution; sc-5539) (all purchased from Santa Cruz
Biotechnology, Inc.) and polyclonal rabbit TGF-f1 antibody
(1:1,000 dilution; ab53169; Abcam). GAPDH antibody (1:1000
dilution; sc-25778; Santa Cruz Biotechnology, Inc.) served as
an endogenous reference.

Reverse transcription-quantitative polymerase chain
reaction (RT-gPCR) analysis. Total RNA was extracted
using TRIzol regent (Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocol. cDNA
synthesis was performed with 2 ug of total RNA in a
reaction volume of 20 ul using a RevertAid First Strand
cDNA Synthesis kit (Fermentas; Thermo Fisher Scientific,
Inc.) containing 6 ul total RNA, 1 ul oligo 18 primer, 5 yuL
diethylpyrocarbonate water, 4 ul 5X reaction buffer, 1 ul
Ribolock RNAse inhibitor, 2 1 10 mM dNTP and 1 ul
RevertAid M-MuLV Reverse Transcriptase. SYBR Green
labeled probes (Takara Bio, Inc., Tokyo, Japan) were used
to detect gene expression levels in an ABI 7500 Real-Time
PCR system (Applied Biosystems; Thermo Fisher Scientific,
Inc.). The expression levels of the target mRNAs were
calculated and normalized to the mRNA level of GAPDH.
The following primers (Sangon Biotech Co., Ltd., Shanghai,
China) were used: GAPDH (used for normalization), forward
5'-GAAGGTGAAGGTCGGAGTC-3' and reverse 5-GAA
GATGGTGATGGGATTTC-3"; COL1AlI, forward 5'-CAA
GACGAAGACATCCCACCAATC-3' and reverse 5'-ACA
GATCACGTCATCGCACAACA-3'; MMP-2, forward
5-AGTTTCCATTCCGCTTCCAG-3' and reverse 5'-CGG
TCGTAGTCCTCAGTGGT-3"; TIMP-2, forward 5'-TCT
GGAAACGACATTTATGG-3" and reverse 5-GTTGGA
GGCCTGCTTATGGG-3'"; and TGF-p1, forward 5'-TAT
TGAGCACCTTGGGCACT-3' and reverse 5-ACCTCTCTG
GGCTTGTTTCC-3'". The thermal cycling conditions were
as follows: 30 Sec at 95°C, followed by 40 cycles of 5 sec at
95°C and 34 sec at 60°C, and finally 15 sec at 95°C, 1 min at
60°C, 15 sec at 95°C and 15 sec at 60°C. mRNA levels were
subsequently quantified using the 2244 method (21).

Statistical analysis. The experiments wererepeated atleastthree
times and data are partially presented as the mean + standard
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Table I. Demographic and clinical characteristics of all participants.

POP group Control group
Parameter (n=20) (n=20) P-value
Age (years) 55.1+4.9 53.6+4.1 NS*
Parity 22413 1.9+1.1 NS*
Body mass index (Kg/m?) 26.2+5.3 25249 NS*
Postmenopausal duration (months) 58.6+8.9 60.3+9.4 NS*

Data are presented as the mean + standard deviation. “NS, no significance at P<0.05 (Mann-Whitney U test). POP, pelvic organ prolapse.

deviation. A Mann-Whitney U test was used for comparison
between two groups, One-way/two-way analysis of variance
(ANOVA) was used to analyze the statistical difference among
groups. GraphPad Prism 5.01 (GraphPad Software, Inc.) and
SPSS 16.0 (SPSS, Inc., Chicago, IL, USA) were used for
statistical analyses and graph plotting. P<0.05 was considered
to indicate a statistically significant difference.

Results

Demographic and clinical characteristics. All 40 subjects
among the two groups were well matched in terms of
demographic and clinical characteristics. No significant
differences in age, parity, body mass index or postmenopausal
duration were observed between the POP group and the control
group (Table I).

Expression of OS biomarkers are upregulated in POP USL
tissues. Through immunohistochemical investigations, the
present study found that the immunoreactivity of 8-OHdG in
the POP group was significantly higher, compared with that in
the control group (0.625+0.145, vs. 0.263+0.117, respectively;
P<0.01). The same results were observed for 4-HNE between
the POP and control groups (0.027+0.006, vs. 0.016+0.006,
respectively; P<0.01; Fig. 1).

Cytotoxic effects are induced by exogenous H,O, in fibroblasts.
To evaluate the cytotoxicity of exogenous H,O, on the
hUSLFs, the fibroblasts were treated with graded H,O, at
concentrations of 0, 0.1, 0.2, 0.4, 0.6, 0.8 and 1.0 mM for 2, 4,
6, 8, 12 and 24 h, respectively, following which cell viability
was examined using a CCK-8 assay. As shown in Fig. 2, cell
viability decreased following H,O, treatment in time-dependent
and concentration-dependent manner. Based on two-way
ANOVA, no statistically significant difference was observed
between the 0.1 mM group and the untreated control group. At
concentrations >0.2 mM, the cell viability in the treated groups
were significantly different from that of the control group
(P<0.05; Fig. 2A). Following comparison of the cell viability at
4 h (Fig. 2B) with that of 24 h (Fig. 2C), significant inter-group
differences were found among the groups with concentrations of
0.1,0.2 and 0.4 mM (one-way ANOVA; P<0.05). Additionally,
following treatment for 24 h, concentrations =0.4 mM led to
a significant decrease in cell viability, however, no significant
differences were observed at the 0.4, 0.6, 0.8 and 1.0 mM
concentrations. The above data suggested that 0.1 mM may

be a sub-toxic dose, which induces no significant cytotoxicity,
whereas 0.2 mM is mildly to moderately toxic and concentrations
=0.4 mM are severely toxic in a treatment duration of 24 h.
Immunocytochemical analyses demonstrated that the cells were
anti-vimentin-positive and anti-keratin-negative.

Cell apoptosis is induced by H,0, treatment. Based on the
results of the above cytotoxicity investigations, the hUSLFs
cells were treated for 24 h with H,0, at concentrations
ranging between 0.1 and 0.6 mM, to investigate the effects
on cell apoptosis. As shown in Fig. 3, as the concentration
of H,0, increased, the apoptotic rates increased gradually.
No significant difference was observed between the control
group and the 0.1, 0.4 or 0.6 mM groups, however, there were
significant differences between the 0.2 mM group and the
other groups (P<0.05).

Intracellular ROS generation is induced by incubation with
H,0,. To confirm the increase of intracellular ROS in hUSLFs,
a DCF-DA assay was performed following treatment with H,O,
at different concentrations ranging between 0 and 0.6 mM
for 24 h. As shown in Fig. 4, with increasing concentrations
of H,0,, the fluorescence intensity of the oxidized DCF,
which indicates the induction of intracellular ROS, gradually
increased. There were significant differences among all pairs
of groups (P<0.05), with the exception of 0.4 and 0.6 mM.
These results revealed that H,O, significantly elevated the
levels of intracellular ROS in the hUSLFs following 24 h
exposure at concentrations ranging between 0 and 0.4 mM.

Production of 8-OHdG is a biomarker of oxidative damage.
To clarify the oxidative damage secondary to the increase of
intracellular ROS, the production of 8-OHdG was examined
using an indirect immunofluorescent assay. As shown in Fig. 5,
as the concentration of H,O, increased between 0 and 0.4 mM,
the fluorescence intensity of 8-OHdG, a biomarker of oxidative
damage, gradually increased, and the intergroup differences
were statistically significant (P<0.05).

H,O0, treatment regulates collagen metabolism in fibroblasts.
In order to clarify the effects of H,O, treatment on collagen
metabolism, and determine the potential mechanism, the
present study examined the expression levels of COLI1AI,
MMP-2, TIMP-2 and TGF-f1 by Western blot and RT-qPCR
analyses. As shown in Fig. 6A and B), as the concentration
of H,0, increased between from 0 and 0.4 mM, the protein
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microscope (magnification, x200). (B) Quantitative analysis based on fluorescence intensity, obtained using image-pro plus 6.0 software. One-way analysis of
variance was performed, followed by an unpaired t-test. Data are presented as the median + standard error of the mean (n=3). a, P<0.05, vs. untreated control;
b, P<0.05, vs. 0.1 mM; ¢, P<0.05, vs. 0.2 mM; NS, no significance; 8-OHdg, 8-hydroxyguanosine; OD, optical density; H,O,, hydrogen peroxide.

synthesis of COL1A1 reduced following an initial increase,
and the intergroup differences were statistically significant
(P<0.05), with the exception of that between the 0.1 and
0.2 mM groups. The protein level of MMP-2 was gradually
and significantly increased as the H,O, concentration
increased (P<0.05). By contrast, there was a sharp decline in
the protein expression of TIMP-2 when the concentration of
H,0, increased between 0.1 and 0.4 mM, and the difference
among these groups were significant (P<0.05). Notably,
TGF-B1 showed a similar change to that of COL1AI. Based
on the RT-qPCR data for COL1A1, MMP-2, TIMP-2 and
TGF-p1 (Fig. 6C-F), it was confirmed that the changes in
the mRNA expression levels were consistent with those of
the proteins.

Discussion

Previous reports have indicated that metabolic disorder of
the ECM, characterized by reduced collagen anabolism and

hyperfunction of MMPs, is the pathological molecular basis
of POP (8-12). Aging, vaginal delivery, chronic constipation,
obesity and declined hormone status, are well-recognized
risk factors (5,6). A number of notable commonalities
have been identified regarding the similarities in these risk
factors. According to the Free Radical Theory of Aging (22),
cell aging is a consequence of oxidative injury in a sense. To
recognize the damage to the pelvic floor caused by vaginal
delivery, aside from direct trauma at childbirth (23), chronic
nerve injuries of the levator ani muscle during pregnancy and
postpartum periods have been repeatedly reported (24,25).
In addition, obesity and constipation can cause increased
intra-abdominal pressure (IAP), which is currently viewed as
an exacerbating factor of POP (26), as IAP may exert chronic
mechanical strain on the pelvic support structures. In vitro,
it has been demonstrated that cyclic mechanical stretches
cause OS in several types of cell (27-29). Considering these
previous findings, the present study hypothesized that OS
may mediate the pathogenesis of POP.
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Figure 6. Effects of exogenous H,0, on COL1A1 metabolism in human uterosacral ligament fibroblasts. The cells were pre-treated with the indicated concen-
trations of H,0, (0,0.1,0.2 and 0.4 mM) for 24 h, and then assayed by Western blot and RT-qPCR analyses. (A) COL1A1, MMP-2, TIMP-2 and TGF-f1 were
examined using Western blot analysis at the protein level. (B) Quantitative analysis based on the bands of the Western blot. The mRNA expression levels of
(C) COL1AL, (D) MMP-2, (E) TIMP-2 and (F) TGF-f1 were determined by RT-qPCR. One-way analysis of variance was performed and data are presented
as the median + standard error of the mean (n=3). a, P<0.05, vs. untreated control; b, P<0.05, vs. 0.1 mM; ¢, P<0.05, vs. 0.2 mM; d, P<0/05, vs. 0.4 mM; NS, no
significance; COL1AL, collagen, type 1, al; MMP-2, matrix metalloproteinase-2, TIMP-2, tissue inhibitor of metalloproteinase-2; TGF-p1, transforming

growth factor-f1; H,0,, hydrogen peroxide.

According to established experiment design, all participants
in the present study were well matched in age, parity, body
mass index and postmenopausal duration (Table I), therefore,
investigation was performed to confirm whether more serious
oxidative injury was present in the women with POP, compared
with the normal control group. 8-OHdG is a modified base,
which occurs in DNA due to attack by hydroxyl radicals
that are formed as by-products and intermediates of aerobic
metabolism and during OS (30). 8-OHdG is well correlated

with OS and damage to DNA, which leads to degenerative
disease states. As a result, 8-OHdG has become increasingly
used as a sensitive, stable and integral marker of oxidative
damage in cellular DNA. 4-HNE, as a stable product of lipid
peroxidation, has been implicated in the etiology of pathological
changes under OS, as a key mediator of OS-induced cell death.
Through immunohistochemical examination of USL sections,
the present study found significantly high levels of §-OHdG
and 4-HNE immunoreactivity in the POP group, compared
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with those in the control group (Fig. 1). Although the number
of cases was insufficient to determine whether there was a
linear correlation between the severity of oxidative injury and
POP staging, the data obtained confirmed the presence of OS
in prolapsed USL, which was partially in accordance with
previous conclusions (31,32).

In order to determine the exact role of OS in the
pathogenesis of POP and the associated mechanisms, it
is necessary to establish an OS cell model in fibroblasts
derived from USL tissue of non-POP women (hUSLFs). As
described above, a series of dose-effect investigations were
performed in the present study to determine the appropriate
concentration and incubation duration (Figs. 2 and 3). In
addition, the rationale of the cell model was verified from two
aspects, the generation of intracellular ROS (Fig. 4) and the
production of 8-OHdG (Fig. 5). To the best of our knowledge,
the present study is the first to successfully establish an OS
model in hUSLFs via H,0, incubation, and this cell model
may facilitate further investigations involving OS in POP. Due
to time and experimental technology constraints, the present
study was limited, resulting in examination of the cell model
with immunofluorescence only. The addition of Western blot or
PCR data is required to provide more systemic and persuasive
conclusions.

The primary aim of the present study was to elucidate the
effects of OS on collagen metabolism in hUSLFs. The results
of the present study revealed that exogenous H,0O, had two-way
regulatory effects on collagen metabolism (Fig. 6). Following
incubation for 24 h, lower concentrations of H,0, stimulated
the anabolism of COL1A1, whereas higher concentration
promoted catabolism. The specific effect was dependent
on the severity of OS. Therefore, it was concluded that OS
contributed to collagen metabolic disorder in the human pelvic
fibroblasts. To examine the associated mechanisms, MMP-2,
TIMP-2 and TGF-f1 were examined. MMP-2, as a key
proteinase responsible for degradation of collagen, has been
well demonstrated in previous reports, and TIMP-2 acts as a
metallopeptidase inhibitor. According to reports on fibrotic
diseases, TGF-f31, a 25 kDa polypeptide tissue growth factor,
has been identified as an important cytokine, which promotes
fibrosis by inducing fibroblast differentiation, stimulating
synthesis of ECM and inhibiting its degradation. The TGF-f1/
small mothers against decapentaplegic 3 signaling pathway
is currently viewed as an important regulator that is widely
involved in fibrosis and degenerative fibrotic diseases (33-36).
However, TGF-fB1 is rarely discussed in previous reports
discussing the pathophysiology of POP. Moalli er al (37)
reported that exogenous TGF-f31 stimulates the expression
of MMP-2 in human pelvic fibroblasts (32). In the present
study, the expression levels of MMP2, TIMP2 and TGFf1
corresponded to the levels of OS. Although the present study
did not verify whether the changes in TGF-f31 were primary or
secondary to COL1A1, MMP-2 or TIMP-2, TGF-1 may be
involved in collagen metabolic disorder by regulating MMP-2
and/or TIMP-2. Further investigation is warranted, and may
further assist in further elucidating the pathophysiology of
POP.

Elevated oxidative injury is one of the characteristics of
POP, and OS contributes to collagen metabolic disorder in
a severity-dependent manner in hUSLFs. The present study
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hypothesized that OS may be involved in the pathophysiology
of POP, either by inhibiting the anabolism of collagen or,
alternatively, by promoting catabolism indirectly through
the regulation of TGF-f1 and proteolytic enzymes, including
MMPs. Further investigation is required to improve current
understanding of the exact mechanism and to elucidate the
pathophysiology of POP, which may be beneficial in preventing
or disrupting the progression of POP.
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