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Abstract:
The substantial loss of collagen in the supporting tissues of the pelvic floor is characteristic of
pelvic organ prolapse (POP). A bFGF-induced collagen increase has been widely recognized by
scholars, but the role of bFGF in pelvic floor dysfunction and the mechanism by which bFGF
promotes collagen have not been reported. Here, we elucidated this mechanism. After bFGF
stimulation, L929 cells showed significantly increased expression of collagen, integrin β1, and
MEK1/2 signaling proteins. Our previous studies showed that integrin β1 plays an important role
in electric stimulation-induced collagen expression, which suggests an underlying mechanism. By
overexpressing and silencing integrin β1, we proved that integrin β1 is also an important signal
transduction protein of bFGF that promotes collagen through the MEK1/2 pathway, which is a
classic collagen-promoting pathway. In summary, these findings suggest that bFGF can stimulate
the expression of collagen through the integrin β1/p-MEK1/2/p-ERK/1/2 signaling pathway in
L929 cells.
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Introduction
Female pelvic organ prolapse (POP), which is caused by a weakening of the supporting tissues of
the pelvic floor, mainly involves uterine prolapse, vaginal anterior wall bulging, and vaginal
posterior wall bulging[1]. POP affects adult women of all ages and causes major discomfort and a
negative impact on daily life and work. Studies have shown that POP is closely associated with a
reduction in collagen I and collagen III [2; 3; 4]. In recent years, promoting collagen regeneration
has been an important strategy for pelvic floor treatment, such as electric stimulation[5; 6] [7].
Basic fibroblast growth factor (bFGF) was purified from bovine nervous tissue by Gospodarowicz
in 1974[8]. It is secreted by various cells, such as fibroblasts, endothelial cells, and
macrophages[9], and is widely used to repair wounds. In recent years, bFGF has been not only
widely used in tissue engineering together with hydrogels and meshes, but also demonstrated
potential in pelvic floor repair [10; 11; 12] [13; 14]. bFGF not only promotes cell growth and
differentiation but also strongly promotes collagen deposition[15; 16; 17]. Our previous studies
have shown that mechanical forces can lead to apoptosis of fibroblasts and finally ECM
changes[18]. Fibroblasts can spontaneously secrete bFGF, but no studies have examined changes
in bFGF in the pelvic floor and the relationship between bFGF and POP. Therefore, we speculate
that POP may cause changes in bFGF.
The mitogen-activated protein kinase (MAPK) pathway is a common pathway related to cell
proliferation, inflammation, transformation, apoptosis, etc. MAPK signaling is also important in
collagen production. MEK1/2 and ERK1/2 are important members of the MAPK pathway, and
their phosphorylation reflects the activation of the MAPK pathway. Qiang et al.[19] reported that
in liver fibrosis, the ERK signaling pathway plays an important role in the generation and
degradation of ECM in the liver. Jaster, R et al. showed that ERK1/2 was involved in the
development of fibrosis in multiple organs, such as the heart, liver, spleen, lung, and kidney[20; 21;
22]. Integrin β1, a cytoskeletal component belonging to the transmembrane receptor family, is an
important signal transduction protein of cells that are widely distributed in smooth muscle cells,
fibroblasts, and tumor cells. It is the main cell surface receptor that mediates extracellular matrix
signaling. Our previous studies have shown that integrin β1 is an important target for electrical
stimulation-mediated induction of collagen production and plays a crucial role in the treatment of
the pelvic floor by electrical stimulation[23], By chance, we also found that L929 cells cultured by
bFGFshowed an unexpected increase in integrin β1 expression, which had not been shown in
previous studies, because both bFGF and integrin were thought to have their own ligands. In view
of the importance of integrin β1 in electrical-stimulation promoting collagen expression, and the
effect of bFGF stimulating collagen expression, we urgently want to explore the mechanism of
bFGF to promote collagen expression and whether integrin β1 is involved in this process.
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Materials and methods
Specimen collection
POP group patients (n=10) were postmenopausal women whose POP-Q grade ≥III and underwent
a vaginal hysterectomy in Renmin hospital of Wuhan university. The control group (NC-POP)
selected postmenopausal women without cancer,connective tissue disease and those without a
history of hormone replacement therapy (n=10). Ethical approval was taken from the Ethical
Committee of the Renmin Hospital of Wuhan University. All patients signed the informed consent
form. We choose the uterine sacral ligament (USL) to detect the protein expression.
Cell culture and transduction
L929 cells, a kind of mouse fibroblast cell, were purchased from China Center for Type Culture
Collection (Wuhan). they were cultured in RPMI 1640 supplemented with 10% fetal bovine serum
and 1% antibiotics at 37℃ with 5% CO2 in a humidified incubator. Mouse lentivirus vector
(LV-Itgb1, Genechem, Shanghai, China) (MOI=60) and the infectious reagent HitransG P (40 ul)
were added to set up the infection system. Similarly established the integrinβ1 silence system
(Sh-Itgb1, MOI=50）and control system (Sh-Control, MOI=50), shRNA sequence of integrinβ1:
gcACGATGTGATGAT TTAGAA.
Cell proliferation and apoptosis assay
Cell Counting kit-8 (CCK8, biosharp, BS354B) was used to detect the proliferation of L929
cells at 0ng/ml, 0.2ng/ml, 2ng/ml, 5ng/ml and 10ng/ml of bFGF at 0d, 2d, 4d, 6d, and 8d. Cell
apoptosis was detected by Apoptosis kit (Becton, Wuhan, USA).
Western blots
Extracted histone protein by liquid nitrogen milling, collected L929 cells by pancreatic enzyme
digestion. Electrophoresis, electrotransfer, sealing, The primary antibody was incubated overnight
(supplementary materials for information on primary resistance), incubated with HRP-labeled
secondary antibodies for 1h. Chemiluminescence detection and imageJ analysis.
Immunohistochemical
Specimens were sealed with paraffin, then cut into 5μm slices and load. Dewaxing, baking,
hydration, 3% H2O2 incubated,heated with PBS buffer, primary antibody overnight at 4℃,
incubated by the secondary antibody (Maxim Biotechnologies, Fuzhou, China), stained by a DAB
kit, used hematoxylin for 5 minutes and sealed piece after dehydration.
Quantitative real-time polymerase chain reaction (qRT-PCR)
Extracted RNA, cDNA was synthesized according to the instructions of the RevertAid First Strand
cDNA Synthesis Kit(Thermo Fisher Scientific, Wuhan, China）. Real-time PCR reaction was
performed on the Applied Biosystems 7300/7500 real-time quantitative PCR instrument (Applied
Biosystems, Thermo Fisher Scientific. China.). GAPDH was used as an internal control. The
primer sequence is shown in Table I:
Immunofluorescence
4% formaldehyde fixed L929 cells for 15 minutes and 0.5% Triton x-100 permeated for 5 minutes,
Closed by 5% goat serum for 30 minutes, and then incubated the primary antibody overnight at
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4℃. incubated with FITC-conjugated goat anti-rabbit IgG (1:200, Servicebio,, Wuhan, China) the
next day. The nucleus was stained by DAPI (Servicebio, Wuhan, China) for 5 min and then sealed
piece.
Statistical analysis
All data were expressed as mean±SD. Usd SPSS 16.0 software (PSS Inc, Chicago, Illinois, USA)
for statistical analysis. We choose the Kolmogorov-Smirnov test to evaluate the normality of the
distribution and the t-test of unpaired students to compare the two groups. while the one-way
ANOVA and Turkey test was used to compare the two groups. P <0.05 was considered statistically
significant.
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Result
The expression of bFGF, collagen III, collagen I, integrin β1, p-MEK1/2, and p-ERK1/2 in
patients with POP was lower than that in no-POP patients
Compared with that in the non-POP patients, the protein expression of bFGF, as well as the mRNA
expression, was significantly decreased in the anterior vaginal walls of the patients with POP (Fig
1 a, b, d, e). Immunohistochemical analysis showed that bFGF in the sacral ligament (brown
staining) was more highly expressed in the non-POP patients than in the patients with POP (a).
Besides, the expression of collagen III and collagen I decreased in the POP group (a, b), which is
consistent with the findings in our previous studies[23]. Furthermore, the expression of integrin β1,
p-MEK1/2, and p-ERK1/2 showed a decrease in the POP group (b, c, d, e). These results indicate
that there is a change in bFGF expression during the occurrence and development of POP, and
POP not only affects the expression of collagen and integrin β1 but also affects the
phosphorylation of MEK1/2 and ERK1/2.

Fig 1: The expression of bFGF, Collagen III, Collagen I, Integrinβ1, p-MEK1/2, and p-ERK1/2 in
POP patients was lower than NO-POP patients( POP group: POP patients; NO-POP: NO-POP
patients. a: Immunohistochemical staining of the sacral ligament, amplification factor:×200. b:
Fluorescence expression analysis of bFGF, Collagen III, and Collagen I. c: Protein expression of
bFGF, CollagenIII, Collagen I, Integrinβ1, p-MEK1/2 and p-ERK1/2 in vaginal wall tissues. d:
Statistical analysis of western blots. e: mRNA expression of bFGF, CollagenIII, Collagen I,
Integrinβ1, p-MEK1/2, p-ERK1/2, and ERK1/2 in vaginal wall tissues. * represents p < 0.05, **
represents p < 0.01, *** represents p < 0.001, NS represents no significance, Each experiment was
repeated three times.
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bFGF promoted the expression of collagen and integrin β1 and enhanced the
phosphorylation of MEK1/2 and ERK1/2
Notably, we observed that an effective bFGF concentration can promote L929 cell proliferation,
while a high dose inhibited this effect. To explore the optimal concentration of bFGF, we assessed
5 concentrations, 0 ng/ml, 0.2 ng/ml, 2 ng/ml, 5 ng/ml and 10 ng/ml, in 96-well plates for the cell
proliferation experiment.The cell proliferation rate was the highest when the concentration was 2
ng/ml and the culture time was 2-4 d, and a significant inhibitory effect was observed if the
concentration was above 4 ng/ml. (Fig 2 c). To investigate the effect of bFGF on apoptosis in
L929 cells, we performed flow cytometry. We observed with the naked eye that the cells grew well
and densely at low concentrations, while cell growth slowed and decreased at high concentrations.
The apoptosis rate was significantly increased at high concentrations (8 ng/ml and 10 ng/ml) (Fig
2 a, b), which may be related to the cytotoxicity caused by high concentrations of the drug. To
verify the relationship between bFGF and collagen, we stimulated L929 cells with 2 ng/ml bFGF
for 4 d. Western blotting, cell immunofluorescence, and qRT-PCR were performed. The results
showed that the collagen expression in the bFGF group was stronger than that in the control group.
Western blotting, qRT-PCR, and immunofluorescence all showed the same results (Fig 2 d, e, f, g,
h), indicating that bFGF can effectively promote collagen expression. Furthermore, we found that
the mRNA expression of MEK1/2 and ERK1/2 in the MAPK pathway, which is closely related to
collagen production, increased after bFGF stimulation (Fig g). Western blot and
immunofluorescence showed that bFGF enhanced the phosphorylation of MEK1/2 and
ERK1/2(Fig 2 d, e, f, h). As a major component of the cytoskeleton, integrin β1 participates in
signal transduction in many cells. To investigate whether bFGF affects integrin β1, we detected
the expression of integrin β1. Notably, integrin β1 in the bFGF stimulation group showed a
significant increase (Fig 2 d, e,).

Fig 2: bFGF stimulation promoted the expression of Collagen and Integrinβ1 and enhance the
phosphorylation of MEK1/2 and ERK1/2 a: Flow diagram of apoptosis; b: Statistical analysis
apoptosis rate of 0ng/ml, 0.2ng/ml, 2ng/ml, 4ng/ml, 8ng/ml and 10ng/ml, c: cell proliferation
curve.d, h: Immunofluorescence staining and expression of cells stimulated by bFGF,
amplification factor:×400;e,f: Protein expression of CollagenIII, collagen I, Integrinβ1, p-MEK1/2,
p-ERK1/2, and ERK1/2 after bFGF stimulation; g: mRNA expression of CollagenIII, collagen I,
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integrinβ1, p-MEK1/2, p-ERK1/2 and ERK1/2 after bFGF stimulation. * represents p < 0.05, **
represents p < 0.01, *** represents p < 0.001, NS represents no significance.

bFGF regulated the phosphorylation of MEK1/2 and ERK1/2 and collagen expression
through integrin β1
Integrin β1 is a cytoskeletal protein that is important in signal transduction and participates in the
interaction of intracellular cytoskeleton proteins. we hypothesized that bFGF stimulates integrin
β1 upstream of MEK1/2/ERK1/2 and regulates the phosphorylation of MEK1/2/ERK1/2. To test
our hypothesis, we used lentivirus in L929 cells to establish an integrin β1 overexpression and
silencing system and then stimulated the cells with bFGF. The results confirmed that bFGF
promoted the expression of integrin β1 the phosphorylation of MEK1/2 and ERK1/2(Fig 3 a,c,d).
The protein expression of integrin β1 and collagen increased, similar to the immunofluorescence
results (Fig 3 c, d, e, f), while the silencing of integrin β1 inhibited this effect (Fig 3 a, c, d). In
addition, the overexpression of integrin β1 mediated the increase in p-MEK1/2,p-ERK1/2,collagen
I, and collagen III, which was supported by western blotting and immunofluorescence. This effect
was further enhanced when bFGF was combined with the overexpression of integrin β1.Therefore,
bFGF can regulate the expression of p-MEK1/2, p-ERK1/2, and collagen through integrin β1.

Fig 3: Fluorescence expression of CollagenIII, Collagen I, Integrinβ1, p-MEK1/2, P-ERK1/2 in
cells after overexpression and silencing of integrin β1. Control group: L929 cells cultivated by
Conventional medium. LV-Itgb1: Integrins overexpress lentivirus transfected L929 cells. Sh-Itgb1:
Integrins silence lentivirus transfected L929 cells. Sh-Control group: Lentivirus negative control
group.bFGF+Control group: L929 cells cultivated by 2ng/ml bFGF. bFGF+ LV-Itgb1 group:
Integrins overexpress lentivirus transfected L929 cells and cultivated by 2ng/ml bFGF.
bFGF+Sh-Itgb1 group: Integrins silence lentivirus transfected L929 cells and cultivated by 2ng/ml
bFGF. bFGF+Sh-Control group: Lentivirus negative control group cultivated by 2ng/ml bFGF. a:
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Fluorescence staining diagram, magnification factor:×400. b: Fluorescence expression analysis.
*represents for Control VS Lv-Itgb1, ^ represents for control VS Sh-Itgb1, $ represents for
Control VS bFGF+control, # represents bFGF+Control VS bFGF+ Lv-Itgb1, & represents
bFGF+Control VS bFGF+ Sh-Itgb1. c,f : Protein expression after integrinβ1 overexpression. d,e:
Protein expression after integrinβ1 silence. A marker represents p <0.05, Two marks indicate p
<0.01, Three markers indicate p <0.001, NS represents no significance.

bFGF promoted collagen production through the MEK1/2/ERK1/2 signaling pathway
To clarify that bFGF stimulates collagen production through the MEK1/2/ERK1/2 signal
transduction pathway, we used the MEK1/2 inhibitor U0126 (CST, no. #9903, China) (10 µM) to
treat L929 cells and then stimulated them with bFGF. We observed that the expression of collagen
III and collagen I decreased significantly after the inhibition of MEK1/2. The fluorescence results
were consistent with the western blot results (fig 4a, b, c, d).

Fig 4: MEK1/2 suppression decreased Collagen expression. Control group: L929 cells. U0126
group: L929 cells dealt with U0126. DMSO group: U0126 negative control group. bFGF+ Control
group: L929 cells cultivated by 2ng/ml bFGF. bFGF+ U0126 group: L929 cells dealt with U0126
and cultivated by 2ng/ml bFGF. bFGF+ DMSO group: L929 cells dealt with DMSO and
cultivated by 2ng/ml bFGF.a, b: The fluorescence expression of Collagen III and Collagen I after
MEK1/2 suppression. c, d: The protein expression of Collagen III and Collagen I after MEK1/2
suppression. * represents p < 0.05, ** represents p < 0.01, *** represents p < 0.001.e: The
schematic diagram of the cell signaling pathway in this paper.
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Discussion
The relaxation of supporting tissues of the pelvic floor is closely related to the incidence of
POP[24]. The supporting tissue of the pelvic floor mainly includes fibrous components (collagen
and elastin) and viscoelastic matrix (proteoglycan and glycoprotein), both of which are the main
components of the extracellular matrix (ECM)[22]. Recently, ECM refactoring has been
increasingly recognized as an important mechanism for the occurrence and development of
POP[25; 26]. As an important component of the ECM, collagen is closely related to the
occurrence and development of POP. Our experiments showed that the expression of collagen III
and collagen I was significantly reduced in the ligaments of patients with POP, which is consistent
with the research results of Gong, R[27]. Stimulating collagen regeneration is an effective way to
improve pelvic floor function, and our previous studies have shown that electrical stimulation can
effectively improve pelvic floor function by promoting collagen regeneration.

bFGF is a growth factor that can be secreted by pelvic floor fibroblasts, is combined with
biological scaffolds and is widely used in tissue engineering. Many scholars have explored its
effect on pelvic floor repair[28] and believe that it can be applied to rescue pelvic floor function.
Previous research has shown that fibroblast apoptosis increased, cell function decreased, cell
secretion decreased, and the extracellular matrix changed with the development of POP[18]. In
our experiment, we measured the content of bFGF in the sacral ligament, and the results showed
that there was a decrease in bFGF in patients with POP, which may be related to the decreased
number and activity of fibroblasts in the vaginal wall of these patients and the decreased secretion
of bFGF because the sacral ligament is an important supporting structure and its main cellular
component is fibroblasts. In addition, our results showed that collagen increased significantly after
bFGF stimulation of L929 cells. Therefore, we concluded that the reduction in bFGF is probably
an important factor in the low collagen expression.
It is very difficult to extract primary fibroblasts from humans, and short cycles of primary cells are
not sufficient to complete virus transfection. L929 cells were chosen to explore the specific
mechanism of the influence of bFGF on collagen. L929 cells have a stable system, grow rapidly
and are commonly used in the study of POP[7]. We first conducted cell proliferation and apoptosis
experiments and found that a low dose of bFGF inhibited apoptosis and promoted proliferation,
while excessive bFGF showed the opposite effect; a low dose of bFGF may promote the cell
growth signal transduction pathway, while a high dose of bFGF has a toxic effect. However, we
only observed the effects through flow cytometric analysis of apoptosis and did not detect changes
in apoptotic proteins. Because the bFGF content in normal human tissues is extremely low, we
hypothesized that the content of bFGF in pelvic floor tissues cannot reach a level that induces
damage.
Used an optimal concentration of bFGF (2ng/ml) to investigate the signal transduction mechanism
of bFGF promoting collagen production at the cellular level. As expected, the protein expression
of p-MEK1/2 and p-ERK1/2 increased significantly after bFGF stimulation. We also observed a
significant increase in integrin β1, which is very interesting. Therefore, we induced integrin β1
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overexpression and silencing with lentivirus. We found that the overexpression or silencing of
integrin β1 can enhance or weaken the MEK1/2/ERK1/2 signaling pathway, which eventually
leads to increased or decreased collagen expression. This is a relatively important finding that has
not been proven. Therefore, we believe that bFGF can promote collagen expression through the
integrin β1/MEK1/2/ERK1/2 pathway.
Integrin β1 is an important cell surface receptor that belongs to the transmembrane receptor family,
and its β subunit can participate in intracellular signal transduction and regulate the biological
functions of cells[29; 30; 31]. Studies have shown that integrins can be directly activated by
growth factors, and cells can be activated and adhered to by the aggregation of integrins[32; 33].
The MEK1/2/ERK1/2 signal transduction pathway is closely related to collagen expression[21;
34]. In our study, we observed that the upregulation of integrin β1 increased the mRNA levels of
MEK1/2 and ERK1/2 and enhanced their phosphorylation. Therefore, we identified integrin β1 as
an upstream protein of bFGF acting on MEK1/2, which plays an important role in regulating
collagen production. The main process may involve integrin β1 activation after bFGF acts on its
extracellular region, and then, the cytoplasmic terminal of the integrin β1 subunit binds to the N2
terminal region of FAK, an important member of the signaling pathway mediated by integrin,
which causes the conformational change and activates the kinase domain of FAK. Fully activated
FAK enters the Ras pathway through acidified paxillin and the tyrosine residue of Cas, Then, Ras
can further activate Raf to phosphorylate MEK1/2 and phosphorylated MEK1/2 further activates
ERK1/2, which results in a cascade of reactions leading to tertiary activation of the MAPK
pathway[35]. Phosphorylated ERK1/2 is transferred into the nucleus to regulate transcription and
finally control collagen production.
In conclusion, our experiments first revealed that bFGF promotes the expression of collagen in
L929 cells by stimulating the integrin β1/MEK1/2/ERK1/2 signal transduction pathway. However,
signal transduction is very complex, and this pathway may be just one of several pathways. It is a
pity that there is no animal model of POP disease to do some animal studies Currently. In
summary, this discovery may contribute to the application of bFGF in pelvic floor studies.
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