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Decreased collagen type III synthesis in skin fibroblasts
is associated with parastomal hernia following colostomy
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Abstract. Parastomal hernia (PH) is a common complication
following stoma formation. Abnormal collagen synthesis has
been suggested to be involved in PH. The aim of the present
study is to explore the effect and mechanism of the collagen
synthesis on PH. Data from 157 patients with rectal cancer who
received permanent colostomy were retrospectively collected
and analyzed to identify the risk factors for PH. Primary
culture of skin fibroblasts from patients with or without PH
were performed. Cell viability, migration and invasion levels
were detected by Cell Counting Kit-8, and wound healing and
Transwell assays, respectively. Reverse transcription quantita-
tive polymerase chain reaction and western blot analysis assays
were performed to measure the gene and protein expression
levels, respectively. The risk factors of sex, body mass index,
aperture size and collagen expression were closely associated
with the occurrence of PH. al (III) procollagen expression
levels were significantly increased in patients with PH, while
no marked difference in al (I) procollagen mRNA expres-
sion levels were observed in patients with or without PH. The
viability and motility of fibroblasts from the patients with hernia
were suppressed. The expression levels of matrix metallopro-
teinase (MMP)-2 and MMP-9 were decreased while the levels
of collagen III and metalloproteinase inhibitor 1 (TIMP-1) were
increased in the fibroblasts from the patients with PH. Silencing
TIMP-1 expression promoted fibroblast migration and invasion
and reversed the patterns of MMP-2, MMP-9 and collagen III
expression in fibroblasts from the patients with PH. Decreased
collagen III may inhibit the development of PH, potentially
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through decreases in TIMP-1 expression. Therefore, the results
from the present study may provide a novel target for PH therapy.

Introduction

Parastomal hernia (PH) is a common complication following
an ileostomy or colostomy (1). PH rarely appears in the early
stages after surgery (0-3%); however, it normally occurs in the
first 2 years post-surgery (30-50%), and the risk may persist for
>2 decades (2). In addition, PHs may have an adverse effect on
the body and quality of life of patients (3). The treatment of PH
is difficult as it has a high recurrence rate (4); to the best of our
knowledge, the best method for overcoming this is to control
initial PH development (5).

PH development may be attributed to multiple risk factors,
including age, sex, aperture size, body mass index (BMI)
and hypertension (6,7). However, the exact pathogenesis of
PH formation remains unclear. It has been demonstrated that
a decreased ratio of collagen I/collagen III is involved in PH
formation (8). Collagen, as a primary component of the extra-
cellular matrix (ECM), is relevant to the tensile strength in
abdominal wall fascial layers. Fibroblasts are a common type
of cell involved in the synthesis and metabolism of collagen (9).
Therefore, we hypothesized that the synthesis of collagen was
associated with the development of parastomal hernia and that
the potential regulation mechanism involved fibroblast activity.

To the best of our knowledge, alterations to the ECM are
regulated by the matrix metalloproteinases (MMPs), which
may lead to collagen degradation (10). The MMPs, which
belong to a zinc-dependent endopeptidases family, are essen-
tial for ECM remodeling and modification of almost all ECM
components, including collagens, fibronectins and proteogly-
cans (11) that are also involved in normal physiological and
pathological processes including angiogenesis and neoplasm
metastasis (12,13). MMPs also serve a role in wound healing,
in addition to growth factors, cytokines and adhesion
molecules (14). In addition, MMPs have been revealed to be
associated with each phase of skin wound healing (15,16).
Chronic wounds have been demonstrated to be associated with
aberrant ECM, and elevated MMPs levels including MMP-2
and MMP-9 (14,17,18). Tissue inhibitor of metalloproteinases
(TIMPs) and intrinsic inhibitors of MMPs may regulate the
ECM. Metalloproteinase inhibitor 1 (TIMP-1) has also been
suggested to be able to affect fibrosis. For example, TIMP-1
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was demonstrated to be involved in organ fibrosis, including
the liver and the heart (19,20). A recent study also indicated
that TIMP-1 regulated pulmonary fibrosis by activating fibro-
blasts and promoting proliferation (21). In addition, TIMP-1
contributes to types I and III collagen degradation (22).

However, the association between TIMP-1 and collagen in
parastomal hernia remains unclear. Therefore, the aim of the
present study was to investigate the potential effect of collagen
synthesis in PH.

Materials and methods

Clinical data and specimens. Data from 157 patients with
rectal cancer who received permanent colostomy between
March 2008 and September 2013 at Beijing Chao-Yang
Hospital (Beijing, China) were reviewed retrospectively. All
patients underwent abdominal perineal resections. Abdominal
CT scans were performed every 6 to 12 months to evaluate the
development of PH during the follow-up stage. PH was identi-
fied in a total of 55 cases. Information concerning age, sex,
BMI (kg/m?), diabetes, hypertension, radiation history, length
of hospital stay (days), aperture size and expression of types I
and III procollagen mRNA from each patient were collected
during outpatient visits in the hospital. Informed consent was
provided by each patient and all experiments were authorized
by the Ethics Committee of Beijing Chao-Yang Hospital. The
dermal tissues and matched normal tissues were obtained
from 55 patients with PH for the reverse transcription quantita-
tive polymerase chain reaction (RT-qPCR) and western blot
analysis.

Skin fibroblast culture. Briefly, fibroblasts were taken from
tissues 1-mm distance away from the center of the skin
samples. The tissues were placed on the upper wall of the
culture bottle, to which was added Dulbecco's modified
Eagle's medium (DMEM) supplemented with 10% FBS (both
Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml penicillin
and 100 mg/ml streptomycin in a 90% humidified incubator
with 5% CO, at 37°C. After 4 h, the culture bottle was turned
over carefully and the tissues were immersed into the medium.
Primary fibroblast cells were formed and subjected to cell
identification following tissue culture for 3-14 days. The cells
were amplified, passaged weekly at 80-90% confluence and
used at early (between 2nd and 4th) passages (P) to avoid
in vitro replicative-induced ageing. At P2 or P3, the cells
were seeded at 5,000 cells/cm? for all the experiments, unless
otherwise stated.

Immunofluorescence microscopy. The fibroblasts were fixed
in 4% paraformaldehyde for 20 min at room temperature and
extracted in 0.5% Triton X-100 for 10 min. Following washing
in PBS, the samples were incubated with rabbit anti-human
vimentin monoclonal antibody (cat. no. AX10005; 1:200;
Abgent, Inc.) for 1 h at room temperature and then with
fluorescein isothiocyanate-conjugated donkey anti-rabbit IgG
(cat. no. R37119; 1:100; Molecular Probes; Thermo Fisher
Scientific, Inc.). Nuclei were stained with DAPI (5 pg/ml;
Abgent, Inc.) for 15 min in the dark and images were observed
with a fluorescence DM5000 B microscope (magnifica-
tion, x200; Leica Microsystems, Inc.).
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RNA extraction, cDNA synthesis and RT-gPCR. Total
RNA from PH tissues or tissues without PH (WPH) and
skin fibroblasts was extracted by TRIzol® (Thermo Fisher
Scientific, Inc.). TRIzol® reagent and chloroform were added
to the samples and mixed for 5 min. The samples were then
centrifuged at 2,000 x g for 10 min at room temperature to
recover the supernatant. Next, the supernatant was incubated
with an equal volume of isopropyl alcohol at 0°C for 5 min,
followed by centrifugation at 12,000 x g at 4°C for 10 min.
Following removal of the supernatant, the 75% ethanol was
added to wash the precipitPate and the RNA was eluted with
nuclease-free water. The purity and content for the reverse
transcription were determined using NanoDrop 2000 spec-
trophotometer (NanoDrop Technologies; Thermo Fisher
Scientific, Inc.). The cDNA was obtained by RNA with mixture
in PrimeScript™ 1st Strand cDNA Synthesis kit (Takara
Biotechnology, Co., Ltd.). The reactions were conducted using
the following primers: al (I) procollagen forward, 5'-GTT
CGTCCTTCTCAGGGTAG-3"; al (I) procollagen reverse,
5"TTGTCGTAGCAGGGTTCTTT-3"; al (III) procollagen
forward, 5'-CGAGGTAACAGAGGTGAAAGA-3"; al (III)
procollagen reverse, 5'-AACCCAGTATTCTCCACTCTT-3';
p-actin forward, 5'-GGTTACCTCCCATCAGCT-3'; and
B-actin reverse: 5'-CAG TGT CCG GAA ATC TCC-3, using
a LightCycler system (Roche Diagnostics) using the under
the following thermocycler conditions: 94°C for 4 min, then
40 cycles at 94°C for 45 sec, 56°C for 45 sec and 72°C for 2 min.
The results were calculated using the 2244 method (23).

Cell proliferation assay. Cells (~5x10%) were maintained on
96-well plates for the measurement of proliferation using a
Cell Counting Kit-8 (CCK-8; Dojindo Molecular Technologies,
Inc.). Following culture for 12,24 and 48 h, the cells were incu-
bated with CCK-8 solution (10 pl) at 37°C for 2 h. Absorbance
was read at 450 nm using an iMark plate reader (Bio-Rad
Laboratories, Inc.).

Cell transfection. A total of 2 pug small interfering RNA
(siRNA; 5'-UCAACCAGACCACCUUAUAJTAT-3"; Shanghai
GenePharma Co., Ltd.) was used to silence TIMP-1 expression.
A negative control (NC; cat.no. AO6001; Shanghai GenePharma
Co., Ltd.) was also included. The cells (4x10°) were seeded in
6-well plates. After culture for 24 h, the medium was replaced
by Opti-MEM (Invitrogen; Thermo Fisher Scientific, Inc.).
The fibroblasts were transfected with TIMP-1 siRNA using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.). According to the manufacturer's protocol. The transfec-
tion efficiency was assessed using western blot analysis. The
subsequent experiments were performed 24 h after transfection.

Wound healing assay. Cell migratory ability was measured
using specific wound assay chambers (ibidi GmbH). Fibroblasts
(1x10°) were seeded onto 24-well plates. Following attachment
of the cells, a wound between the fibroblasts was created using
a sterile pipette tip (10 ul). Then, the fibroblasts were washed
and incubated for 24 h. The cell migration from O to 24 h
was observed under a phase-contrast inverted microscope
(magnification, x200; Olympus Corporation) with a TUCSEN
camera. The cell migration was measured with Wimasis Image
Analysis (Onimagin Technologies SCA) at 0 and 24 h.
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Table I. Patients characteristics.
Variable Patients with PH (n=55) (%) Patients without PH (n=102) (%) P-value
Age, years 66.9+£10.4 66.3+9.1 0.708*
Sex <0.001°
Male 19 (22.6) 65 (774)
Female 36 (49.3) 37 (50.7)
Body mass index (kg/m?) 24.7+£3.3 23.0+3.4 0.003*
Diabetes 0.671°
Yes 6 (40.0) 9 (60.0)
No 49 (34.5) 93 (65.5)
Hypertension 0.306°
Yes 20 (40.8) 29 (59.2)
No 35(324) 73 (67.6)
Radiation history 0.884°
Yes 5@35.7) 9 (64.3)
No 43 (37.7) 71 (62.3)
Length of hospital, days 15.8+8.2 15.5+7.6 0.819*
Aperture size, cm 3.3+0.8 2.9+0.7 0.001*
al (I) procollagen mRNA (ACq) 1.91+0.58 1.99+0.62 0.431*
al (IIT) procollagen mRNA (ACq) 2.10£0.54 2.69+0.55 <0.001*

PH, parastomal hernia. *Student's t-test. ? test.

Transwell assay. The fibroblast invasion capabilities were
determined using a Matrigel-coated Transwell assay (Corning
Incorporated). Following serum starvation overnight, the
fibroblasts were added into the upper chambers in DMEM
containing 1% FBS. Concomitantly, the lower chambers
were filled with 500 ml DMEM containing 20% FBS. The
fibroblasts were incubated in an incubator for 24 h at 37°C.
The non-invading fibroblasts blocked by the Matrigel were
removed from the upper surface using a wet cotton swab.
Following rinsing with PBS, the bottom surface of the filter
was fixed with 95% ethanol at room temperature for 10 min
and stained with 0.1% crystal violet at room temperature for
5 min. Invasion was detected by counting the stained cells
under a light microscope (magnification, x200; Olympus
Corporation).

Western blot analysis. The fibroblasts and PH tissues or
tissues WPH and were lysed in lysis buffer (RIPA; Beyotime
Institute of Biotechnology) and centrifuged at 2,000 x g for
10 min at room temperature for supernatant recovery. The
protein concentrations were determined using a BCA kit
(Beyotime Institute of Biotechnology). Following separa-
tion on 10% SDS-PAGE, the proteins (20 pg/lane) were
transferred onto nitrocellulose membranes (EMD Millipore)
and blocked with 5% non-fat milk for 1 h at room tempera-
ture. Then the membranes were incubated at 4°C overnight
with anti-MMP-2 (cat. no. 40994; 1:1,000; Cell Signaling
Technology, Inc.), anti-MMP-9 (cat. no. sc-21733; 1:500; Santa
Cruz Biotechnology, Inc.), anti-TIMP-1 (cat. no. sc-365905;
1:1,000; Santa Cruz Biotechnology, Inc.), anti-collagen I
(cat. no. sc-293182; 1:1,000; Santa Cruz Biotechnology, Inc.),
anti-collagen III (cat. no. sc-514601; 1:1,000; Santa Cruz

Biotechnology, Inc.) and anti-B-actin (cat. no. 4970; 1:1,000;
Cell Signaling Technology, Inc.) followed by incubation with
horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG
(cat. no. 10285-1-AP; 1:2,000, ProteinTech Group, Inc.) and
HRP-goat anti-mouse IgG H&L (cat. no. ab205719; 1:2,000;
Abcam) secondary antibodies at room temperature for 1 h.
The proteins were visualized using an ECL kit (Amersham;
GE Healthcare). The density of the blots was measured using
the Quantity One software version 2.4 (Bio-Rad Laboratories,
Inc.).

Statistical analysis. Differences between groups for
categorical data were analyzed by the * test and Fisher's exact
test and continuous data were analyzed using a Student's t-test.
The cumulative incidence rate of PH was calculated by the
Kaplan-Meier estimate analysis with log-rank test. Correlations
among the risk factors were assessed using logistic regression
analysis with a 95% confidence interval (CI) for the inclusion
of additional prediction into the model. The clinical features
were used as independent variables, while the presence or
absence of PH was treated as a dependent variable. The differ-
ences between multiple groups were assessed with one-way
analysis of variance and Tukey's post hoc test. P<0.05 was
considered to indicate a statistically significant difference.
SPSS 16.0 software (SPSS Inc.) was used for the analysis and
the results were represented as mean + standard deviation.

Results
Clinicopathological parameters. A total of 157 patients,

including 55 patients with PH and 102 patients without PH,
were reviewed. Among them, several parameters (age, history
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Figure 2. Cumulative incidence rate of PH. The cumulative incidence rate based on the (A) sex, (B) collagen III expression, (C) BMI and (D) aperture size.
The cumulative incidence rate of PH was calculated by the Kaplan-Meier estimate analysis with log-rank test. PH, parastomal hernia; BMI, body mass index.

of diabetes, hypertension, radiation history, length of hospital
stay and al (I) procollagen expression) exhibited no marked
association with PH occurrence. However, the sex, BMI,
aperture size and al (III) procollagen expression levels in the
patients with PH were closely associated with the PH (Table I).
The hernias occurred at between 7-57 months post-surgery,
with an average of 23 months.

Among the 55 pairs of tissues, no marked difference in
the al (I) procollagen expression was observed between the

dermal tissues of patients with PH and that in tissues from
patients without PH (Fig. 1A). By contrast, the al (III) procol-
lagen level in dermal tissues of patients with PH was markedly
increased compared with those in the tissues from patients
without PH (P<0.05; Fig. 1B). The protein levels of collagen I
were irregular while the collagen III levels were notably
increased in the dermal tissues of patients with PH (Fig. 1C).
Furthermore, the ratio of collagen I/III was clearly decreased
in the dermal tissues of patients with PH (Fig. 1D).
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Figure 4. Fibroblast viability, migration and invasion. (A) The fibroblasts derived from patients with PH and those without PH (control) were allowed to migrate
into the wound region, and the images were captured at different time points. Scale bar =100 ym. (B) Fibroblast invasion was determined by cell staining. Scale
bar =100 ym. The (C) migration and (D) invasion rate decreased in the hernia group. (E) The fibroblast viability was measured at 12, 24 and 48 h. “P<0.05 vs.

control group. PH, parastomal hernia.

According to the Kaplan-Meier analysis, the 5-year cumu-
lative incidence of PH was calculated based on the clinical
parameters. The incidence rate in female patients (50.5%) was
significantly increased compared with that of male patients
(25.4%; P<0.001; Fig. 2A). Patients with increased al (III)
procollagen expression (68.9%) exhibited a higher incidence
rate compared with those with decreased al (III) procollagen
levels (26.7%) (P<0.001; Fig. 2B). The 5-year cumulative
incidence rate of patients with a BMI >24.7 kg/m? was 53.1%,
which was remarkably increased compared with that of
patients with a BMI <24.7 kg/m? (25.4%) (P=0.005; Fig. 2C).
In addition, PH incidence rate of patients with an aperture

size >3.3 cm (41.3%) had no significant difference compared
with that of patients with an aperture size <3.3 cm (31.5%)
(P=0.119; Fig. 2D).

In the logistic analysis, female sex [odds ratio, 2.59;
95% confidence interval (CI), 1.107-6.059; P=0.028], aperture
size (Odds ratio, 2.247; 95% CI, 1.280-3.946; P=0.005) and
al (IIT) procollagen (Odds ratio, 0.109; 95% CI, 0.045-0.265;
P<0.001) were independent risk factors for PH formation,
however, BMI was not associated with PH incidence (Table II).

Effect of fibroblasts on PH. Positive vimentin expression was
observed in the fibroblasts derived from tissues from patients
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Table II. Factors associated with the occurrence of parastomal hernia.

Variable Odds ratio 95% confidence interval P-value
Sex 1.107-6.059 0.028
Male 1
Female 2.590
Body mass index (kg/m?) 1.116 0.983-1.266 0.089
Aperture size 2.247 1.280-3.946 0.005
ol (IIT) procollagen mRNA (ACq) 0.109 0.045-0.265 <0.001
Logistic regression was used to perform the statistical analysis.
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Figure 5. Expression of proteins associated with collagen regulation and metabolism. (A) The protein levels of collagen I, collagen I1I, MMP-2, MMP-9 and TIMP-1
were detected by western blot analysis. (B) The histogram presents the changes in the levels of these proteins in the fibroblasts derived from patients with PH and
those without PH (control). “P<0.05 and “P<0.01 vs. control group. MMP, matrix metalloproteinase; TIMP-1, metalloproteinase inhibitor 1; PH, parastomal hernia.

with PH and without PH. The cells exhibited long shuttle or
flat star shapes (Fig. 3A and B).

The wound closure of the fibroblasts from tissues from
patients without PH (control) reached ~80% by 24 h, while
only ~50% of the area was denuded by the fibroblasts from
PH dermal tissues (Fig. 4A). The invasion rate in the normal
fibroblast group was evidently enhanced, while it was notably
inhibited in the hernia fibroblast group (Fig. 4B). The data
demonstrated that the migration and invasion rates of fibro-
blasts were significantly suppressed in patients with PH
(P<0.05; Fig. 4C and D). In addition, the fibroblast viability
was also decreased in patients with PH, compared with patients
without PH (Fig. 4E).

To explore the potential effects of collagen synthesis and the
ECM on the PH, the protein levels of collagen I, collagen III,
MMP-2, MMP-9 and TIMP-1 were detected (Fig. 5A). The
collagen I expression levels in the fibroblasts from tissues from
patients without PH were not significantly different from those
in the fibroblasts from PH dermal tissues. However, among the
fibroblasts from PH dermal tissues, the levels of collagen III
and TIMP-1 were markedly increased while those of MMP-2
and MMP-9 were evidently inhibited in comparison with the
non-PH fibroblasts (P<0.05; Fig. 5B).

Silencing TIMP-1 improves the fibroblast activity. For the fibro-
blasts from non-PH tissues, the cell-free area in the control-NC
group at 24 h was larger compared with that in control-siTIMP-1
group. Similarly, among the fibroblasts from PH dermal tissues,
the cell-free area in the hernia-NC group at 24 h was larger
compared with that in the hernia-siTIMP-1 group (Fig. 6A).
Silencing TIMP-1 notably increased the mean number of
normal skin fibroblasts migrating into the bottom chamber. In
addition, the number of fibroblasts from PH dermal tissues was
significantly increased by silencing TIMP-1, compared with that
in hernia-NC group (Fig. 6B). It was also identified that silencing
TIMP-1 markedly enhanced the migratory and invasive abilities
of fibroblasts (P<0.05; Fig. 6C and D).

Furthermore, the protein levels of the ECM-associated
molecules were detected (Fig. 7A). The TIMP-1 expression
was significantly suppressed in the groups transfected with
siTIMP-1, indicating a successful transfection. It was identi-
fied that TIMP-1 silencing markedly inhibited the collagen III
expression levels. In addition, the results also suggested that
the levels of MMP-2 and MMP-9 were evidently increased
by silencing TIMP-1, which indirectly indicated the nega-
tive correlation between MMP-2 or MMP-9 and collagen III
(P<0.05; Fig. 7B).
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Figure 7. Effects of TIMP-1 silencing on the expression of collagen I, collagen 111, MMP-2 and MMP-9. (A) The protein expressions of collagen I, collagen III,
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(B) Quantitative data of protein expression were analyzed. "P<0.05 and “"P<0.01 vs. control-NC group. “P<0.01 vs. hernia-NC group. TIMP-1, metallopro-
teinase inhibitor 1; si, small interfering; MMP, matrix metalloproteinase; PH, parastomal hernia; NC, negative control.
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Discussion

PHs are commonly presented as asymptomatic, however, they
may result in morbidities due to leakage, dermatitis, perfora-
tion, intermittent obstruction and strangulation (24). The exact
incidence rate of PH has been very difficult to assess due to
lack of a consistent definitions (6). Several risk factors have
been identified to be crucial, in spite of a paucity of reliable
data. Age, sex, BMI, laparoscopic surgical approach, trans-
peritoneal route of stoma creation and aperture size have
been suggested as independent risk elements for PH develop-
ment (7,25). In the present study, it was identified that sex,
aperture size and collagen III expression were independent
risk factors for PH incidence. In addition, it was also demon-
strated that the decreased viability, migration and invasion of
the skin-derived fibroblasts from PH patients were enhanced
by silencing TIMP-1 and that TIMP-1 may regulate the genes
associated with collagen regulation and metabolism.

The occurrence of PH may be attributed to a delayed or
weakened healing process, but all the potential risk factors
have not been comprehensively identified. In addition, multiple
risk factors may be divided into three subcategories, including:
Disease (ulcerative colitis, constipation, obesity and cancer);
patient (age, sex, malnutrition, etc.); and surgery (emergency
operation, postoperative infection) (26,27). The follow-up time
following stoma has been demonstrated to be a vital factor in
estimating an exact incidence rate of PH; the PH incidence
rate was increased with longer follow-up time (28). In the
present study, it was demonstrated that risk factors, including
diabetes, hypertension, radiation history and length of hospital
stay were not markedly different between patients with PH and
those without PH. The average BMI of patients with PH was
evidently increased compared with those without PH. However,
in the logistic regression analysis, BMI was not identified as a
significant independent factor for PH development; this obser-
vation was consistent with data from a previous study (29).
Aperture size was revealed to be a potential independent factor
of herniation; however, whether limiting the size of the aper-
ture truly attenuates PH formation remains unknown (7,30). In
addition, age was a potential risk factor for PH development.
A retrospective review over a >10-year follow-up period of
782 patients demonstrated that PH incidence was increased in
the elderly population (31). The present study identified that
the PH incidence was increased in female patients; this may
be explained by the fact that females usually have thinner
abdominal muscle and thicker fat layers (32).

Furthermore, the present study also demonstrated that the
levels of procollagen III expression were associated with the
PH development and that collagen III expression was increased
in patients with PH, indicating that collagen may be involved
in PH incidence. Disordered collagen levels and decreased
type I collagen and type III collagen expression levels have
been observed previously in tissue biopsies from patients with
hernias (33). The collagen I/I1I ratio of patients was revealed
to be associated with hiatal hernia (34). Types I and III are
the dominant components of collagen in the derma. Type I
collagen is mature, mechanically stable and is demonstrated
to be associated with tissue strength (35). The present study
revealed that the collagen III expression levels were elevated
in patients with PH and that the ratio of collagen I/III was
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markedly decreased, suggesting that collagen III might serve a
crucial role in PH occurrence.

Hernias have been suggested to be associated with a poor
quality ECM, which systemically alters collagen turnover (36).
ECM stability is directly associated with the levels of collagen
synthesis and degradation (37). Due to the constituents of the
ECM, collagen degradation may exert a crucial effect on the
morphogenesis, development, tissue remodeling and repair
processes (38). Furthermore, ECM degradation may be induced
by MMPs (10). TIMPs have been demonstrated to exert an
effect on cell proliferation, differentiation, migration, apoptosis
and anti-angiogenesis processes (39). TIMP-1 may also regulate
the levels of MMP-2 and MMP-9. In the present study, it was
observed that the levels of MMP-2 expression were evidently
decreased, while the TIMP-1 levels were notably enhanced
in the hernia fibroblasts, suggesting that MMP-2 may be
suppressed by TIMP-1. MMP-9 levels were slightly decreased
in the hernia fibroblasts, and this may be due to an association
between enhanced MMP-9 expression and poor healing (40).
To additionally explore the effects of MMP-2 and MMP-9 on
the levels of collagen III, TIMP-1 expression was silenced. The
results indicated that silencing TIMP-1 reversed the decrease in
viability, migration and invasion of fibroblasts from skin tissues
of patients with PH. It has been indicated that MMP-2 is able to
degrade interstitial collagen I, IT and III, while MMP-9 cleaves
collagen I and III (41,42). The results from the present study are
consistent with previous studies that silencing TIMP-1 increased
the expression levels of MMP-2 and MMP-9 and inhibited the
expression of collagen I1I in the hernia fibroblasts. The inhibited
expression of collagen I1I through TIMP-1 silencing was similar
to the results from the clinicopathological analysis.

This study had a number of limitations; for example, the
direct correlation between collagen III and MMP-2, the effect
of over-expressed TIMP-1 on MMP-2 and MMP-9 were not
analyzed. A more comprehensive and direct method of validating
the results of the present study will be conducted in the future.

In conclusion, the present study demonstrated that
collagen III levels were markedly and independently associ-
ated with the occurrence of PH. In addition, the potential
regulatory mechanisms of collagen III were closely associated
with TIMP-1, MMP-2 and MMP-9 expression. These results
may provide novel therapeutic targets for PH.
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