The Role of Stress Stimulation in Constructing
Pelvic Floor Ligaments in vitro
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This study aims to identify the most suitable scaffold material for in vitro I. Compared with PCL and PLA scaffolds, silk scaffolds have
cultivation of pelvic floor ligaments and to investigate the effects of superior mechanical and biological properties, including larger fiber
stress environments on ligament tissue performance and cultivation diameter (11.894 + 0.138 um), pore size (110.667 + 43.036 pm),
cycle. We evaluated silk, PCL, and PLA scaffold properties and ultimate stress (4.89 + 1.12 MPa) and Young's modulus (124.25 +
compared human ligament fibroblast proliferation, morphology, and 12.01 MPa) (P<0.05). Cells cultured on silk fibroin scaffolds exhibit
gene expression on these materials. Silk scaffolds showed superior faster proliferation, elongated and more regularly arranged cells, and
mechanical and biological properties compared to PCL and PLA increased expression of extracellular matrix genes such as the
scaffolds, including larger fiber diameter, pore size, ultimate stress, and collagen genes COL1 and COLS3.

Young's modulus. Cells cultured on silk scaffolds proliferated faster,
with  more elongated morphology and increased expression of LT :
extracellular matrix genes like COL1 and COL3. Stress stimulation, L= = [ 1
especially at 60g, significantly accelerated cell proliferation and M= ill=
increased expression of key mechanical signaling pathway genes,
including TGF-3, COL1, COL3, and ELN. In conclusion, silk scaffolds
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offer optimal conditions for in vitro pelvic floor ligament construction, é .
and stress stimulation improves cell proliferation and extracellular NN E -
matrix gene expression, enhancing ligament durability. These findings i i\ - D 2-
support the potential efficacy of in vitro cultivated pelvic floor ligaments vr-‘ S7an | = ,3_ 1 T

In treating stress urinary incontinence (SUI).
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METHODS IT. Stress stimulation, especially under gravity at 60g, increased the
culture efficiency by 40%, significantly accelerated cell proliferation,

and increased the expression of key mechanical signaling pathway
genes, TGF-B increased by 0.44 times, and extracellular matrix genes
COL1, COL3 and ELN increased by 5.11, 4.48, and 2.36 times. In
addition, the ratio of elastic fibers to collagen is reduced, which
enhances the durability of the pelvic floor ligaments.

I . Selecting of scaffold materials suitable for constructing pelvic floor

ligaments in vitro (silk, PCL, PLA)

1. Preparation and sterilization treatment of materials

2. Mechanical tensile testing to determine the mechanical properties
of support materials 2.0

3. Cell culture and construction of cell scaffold complexes % : fig
4. Cell proliferation on different material scaffolds @ i =31 30g
5. Cell adhesion and proliferation T 4o % 3 459
6. Morphological analysis of cells on different materials S wx = P sx =3 60g
7. Determination of Young's modulus of cells 0.5 H H = —_
8. Reverse transcription quantitative (RT-q) PCR detection of gene o ﬂ H l - 909
expression levels in the TGF - B pathway " 0g 159 30g 459 60g 75g 90g

IT. The important role of stress environment on the mechanical e - =
properties and culture cycle of ligament tissue in vitro . o fors o o
1. Construction of extracorporeal ligaments under stress stimulation 3 % 1
2. Cell proliferation under different stress stimulation amplitudes z . - —_
3. Transcriptomic changes before and after stress stimulation § 24 |‘| Mo
4. Expression of extracellular matrix (ECM) genes on Silk scaffolds ,,__i'ﬂ mil mil m

coL1 COL3 ELN MMP-2 MMP-9 TIMP-1

with different stress stimulation amplitudes b

CONCLUSIONS

In this project, a 3D experimental platform for in vitro culture of pelvic
floor ligaments stimulated by stress was constructed, and the key
mechanisms of stress stimulation influence signaling pathways and
extracellular matrix expression were clarified, which provided support
for the fine in vitro culture of pelvic floor ligaments, which could
effectively improve its mechanical properties and shorten the culture
cycle. The biocompatibility, elastic modulus and stiffness of typical
scaffold materials were determined, and the most suitable scaffold
material for pelvic floor ligament culture, Silk, was screened out.
Breaking through the traditional mechanical stimulation mode and
simulating the human pelvic floor stress mode, the optimized stress
environment for in vitro culture of pelvic floor ligament was obtained,
and the in vitro culture efficiency could be improved by about 40% by
applying 60g pressure. The key mechanism of stress stimulation to
improve the culture efficiency of ligaments was clarified, that is, the
stress environment promoted the expression of TGF-3, a mechanical
signaling pathway, and increased the expression of extracellular
e o matrices such as COL1, COL3 and ELN, which play a key role in the
d N service function of the pelvic floor ligament, by several times, so that
the pelvic floor ligament could meet the performance requirements of
the service.
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