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ABSTRACT

Background: Identifying protein interactions is one of the main challenges
in the fields of biostructure and molecular biology. Despite extensive
progress, the exact patterns of protein-protein interactions are still unknown.
The main goal of this study is to computationally evaluate the interactions of
fibronectin-1 in the extracellular matrix of decellularized trachea and
integrins in adipose tissue stem cells in order to provide the most accurate
possible visualization of these interactions and their role in biological
processes.

Methods: After decellularization of the sheep trachea through the detergent-
enzyme method, histological evaluations and ultrastructure photography of
the samples were done by scanning electron microscopy. Also, the
simulations of fibronectinl binding of extracellular matrix protein with
integrin avpfl and a5PB3 of stem cells derived from adipose tissue were
investigated, and interaction energy analysis was applied to predict the
structure of protein-protein complexes using the algorithms available in
HDOCK and ClusPro servers.

Results: The findings indicated the preservation of extracellular matrix
components and scaffold ultrastructure. Also, in order to find the most
favorable connection states in terms of energy, some of them were reported
as stable interactions among the top types of connections. This insight
provides a valuable understanding of cell-matrix adhesion, migration, and
signaling, with potential implications for therapeutic development.
Conclusion: The prepared scaffolds are ideal for engineering applications
for which computational analysis and experimental data have been used for
visualization of stable connection states with energy efficiency between
fibronectin and integrin. Also, more studies on cell adhesion modeling in
connection with tissue engineering science can provide a suitable field for
the development of regenerative medicine in further studies.
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Extended Abstract

Background:  The inherent challenges
associated with any surgical operation on the
airway have made treating tracheal injuries a
substantial issue for clinicians for many
years. On the other hand, novel approaches in
tissue engineering and regenerative medicine
show promise in the treatment of long-
segment tracheal abnormalities. In tissue
engineering, cells are frequently deposited on
scaffolds to create new, live tissue for
medical purposes. In order to create structures
with the right architecture and characteristics
for tissue and organ regeneration, tissue
engineering integrates scaffolding materials
with cells and biologically active molecules.
Scaffolding materials and biomolecules are
essential  for simulating the natural
extracellular matrix (ECM). Identifying
protein interactions is one of the main
challenges in the fields of biostructure and
molecular  biology. Despite  extensive
progress, the exact patterns of protein-protein
interactions are still unknown. Several
families of proteins with diverse origins and
functions  form  the  non-collagenous
glycoproteins of the ECM. Most of the ECM
glycoproteins interact with integrins and other
receptors expressed on the cell surface and
with collagen or other ECM components.
Fibronectins are one of the main families of
ECM glycoproteins. Different fibronectins
have been extensively studied for their
multiple roles in determining stem cell
adhesion, cell fate, and ECM-cell
interactions. Interactions between the ECM
and stem cells can be directly caused by
several cell receptors, including integrins and
other receptors. An increasing number of
studies have shown that integrins are key
receptors involved in ECM-stem cell
interactions and in stem cell adhesion.
Integrins are a large family of heterodimeric
transmembrane receptors that connect the
extracellular environment to the intracellular
cytoskeleton; thus, they are involved in cell
migration,  proliferation, survival, and
differentiation. Integrins are cell receptors

that have been studied extensively. They play
a role in cell adhesion, control many cellular
functions, and perform their actions by
binding ECM glycoproteins such as
fibronectin, laminin, and collagen. The
specificity of integrin-ligand interaction is
determined by different integrin isoforms in
their a and B chains. It is now clear that
integrins maintain cell adhesion through
multiple interactions with ECM molecules.
The main goal of this study is to
computationally evaluate the interactions of
fibronectin-1 in the extracellular matrix of
decellularized trachea and integrins in
adipose tissue stem cells in order to provide
the most accurate possible visualization of
these interactions and their role in biological
processes.

Methods: After preparing the sheep trachea
and cleaning it, the detergent-enzyme method
was used for decellularization of the trachea,
and then hematoxylin and eosin staining,
DAPI  fluorescent dye, and Masson's
trichrome staining were employed for
histological ~ evaluations.  Finally, the
ultrastructural photography of the scaffold
sample and the intact sample was done with a
scanning electron microscope. Through an
extensive review of previous articles and
discoveries, as well as using the Protein Data
Bank (PDB), key proteins that met our
criteria were identified, namely fibronectin 1
with PDB code: 1fna, and two types of
integrins, alpha5-beta3 with PDB code: 3vi3,
and alpha v betal with PDB code: 1jv2,
served as structural models for this research.
Also, the simulations of fibronectinl binding
of extracellular matrix protein with integrin
avBl and a5PB3 of stem cells derived from
adipose tissue were investigated, and
interaction energy analysis was applied to
predict the structure of protein-protein
complexes using the algorithms available in
HDOCK and ClusPro servers. Cluspro, a
leading web-based platform, offers various
algorithms for protein docking. Robust and
efficient protein-protein docking is made
possible by the fully integrated HDOCK
server, which combines biological
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information incorporation, macromolecular
docking, template-based modeling, and
homology search. Using these servers, the
protein structures of fibronectin 1, integrin
alphab5-beta3, and integrin Alpha betal were
entered, and they were determined as receptor
and ligand molecules to predict potential
interaction sites and molecular connections.
After receiving the docking results, the output
was carefully analyzed, focusing on scoring
criteria such as clustering, energy values, and
interface properties. The highest-scoring
interactions were further analyzed to assess
their biological relevance and structural
integrity.  Notably, the identified 3D
structures were visualized and analyzed using
PyMOL and Chimera, enabling a
comprehensive understanding of the spatial
arrangement and molecular interactions.

Results:  The findings indicated the
preservation  of  extracellular — matrix
components and scaffold ultrastructure. The
results obtained from Hematoxylin and Eosin
staining showed that in the scaffold sample,
compared to the intact tissue, all cellular and
nuclear components were completely
removed, while in the control sample, the
nuclei of the cells were visible. However, the
extracellular matrix remained intact and the
DAPI results showed the complete removal
of nuclei from the decellularized trachea
compared to intact tissues, which indicated
complete decellularization. In the results of
Masson's trichrome staining, in the scaffold
sample compared to the intact tissue, the
structure of the extracellular matrix proteins
(collagen structure) was almost preserved,

and the decellularization process did not lead
to significant destruction of the extracellular
matrix. In addition to these, the results
obtained from scanning electron microscopy
indicated the preservation of tracheal ECM
structure after decellularization and indicated
the high similarity of ECM ultrastructure in
both intact and scaffold samples. Our findings
revealed significant interactions between the
investigated proteins, which provide insights
into the molecular mechanisms and processes
of cell adhesion. Also, in order to find the
most favorable connection states in terms of
energy, some of them were reported as stable
interactions among the top types of
connections. This insight provides a valuable
understanding of cell-matrix  adhesion,
migration, and signaling, with potential
implications for therapeutic development.
Conclusion: The prepared scaffolds are ideal
for engineering applications, and with
computational analysis and experimental
data, energy-efficient, stable binding modes
between fibronectin and integrin have been
visualized. Furthermore, understanding the
nuances of integrin-fibronectin interactions
could have implications for various
pathological conditions, including cancer
metastasis and tissue regeneration. This study
contributes to a comprehensive understanding
of protein interactions in the extracellular
matrix. Also, in the future, more studies on
cell adhesion modeling in connection with
tissue engineering science can provide a
suitable field for the development of
regenerative medicine.
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