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Editorial on the Research Topic
Tumor cell mechanosensitivity: molecular basis

The Research Topic entitled “Tumor Cell Mechanosensitivity: Molecular Basis” addresses
fundamental aspects of mechanobiology with emphasis on the field of cancer development and
itsmalignant progression. Physical signals, such asmatrix stiffness, topology, solid stress, tension
and strain or fluid shear stress in vessels or tissues from the microenvironment can be sensed by
the cells and act as inducer of a biochemical response (Di et al., 2023; Kalli et al., 2023; Mierke,
2024). The sensing of the mechanical cues may differ between cancer cells and normal cells
(Sheetz, 2019), making it obvious that mechanical cues are involved in multiple signaling
pathways and may be suitable targets for cancer therapy.

The Research Topic includes eight articles that comprises three Reviews, twoMini-Reviews,
two Original Reach Articles and one Brief Research Report. The reviews deal with the role of
focal adhesion kinase (FAK) in clinical settings, the role of forces in immuno-engineering and
cancer-associated fibroblast (CAF)-derived exosomal miRNAs acting in the control of cancer
malignancy. The first Review by Zhang et al. presents the function of FAK in cancer progression
and discusses whether it may serve as a tumor marker for several different cancer types,
including colorectal, gastric, liver and lung cancers. The second Review by Yoon et al. discusses
the immune engineering and its potential in cancer immunotherapy whereby the emphasis is
placed on the mechanobiological aspects of immune cells, such as T-cells, NK cells and
macrophages. Immune engineering investigations comprising Chimeric antigen receptor (CAR)
expressing T cells, TCR-engineered T cell (TCR-T) immunotherapies, and the BiTE strategy
promoting the interaction of cytotoxic T cells with cancer cells, and mechanobiological
approaches involving magnetic nanoparticles producing heat in response to an alternating
magnetic field to control the heat-sensitive protein (HSP) promoter system and ultrasound
regulatingmechanotransduction. The third Review byGuo et al. focusses on the effect of stromal
cells, like CAFs, within the tumor microenvironment and in particular on CAF-derived
exosomal miRNAs, which induce the malignant progression of cancer, due to immune
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modulation, growth, migration and invasion, epithelial-mesenchymal
transition (EMT), and resistance to therapy. It provides an overview on
the different types of miRNAs and their effect in various cancer types.

The two Mini-Reviews cover the effect of stiffness on a specific
mechanotransducer and the mechanicals stimulation via blood flow
facilitating a specific interference of cells. The first Mini-Review by
Fujimoto and Nakazawa covers the function of Four-and-a-half LIM
domains 2 (FHL2) acting as a mechanotransducer in focal adhesions
(FAs), the actin cytoskeleton and the nucleus based on the mechanical
cues of the microenvironment, such as stiffness. The second Mini-
Review by Xu et al. addresses whether and how the blood flow activates
the binding of von Willebrand factor (vWF) to platelets and
subsequently, its interaction to other vWFs on endothelial cells. Both
Mini-Reviews highlight the impact of the mechanical properties of the
microenvironment on cells, such as stiffness or fluid flow-induced shear
stress. Thereby, mechanical signals, such as stiffness, fulfill a regulatory
role on the mechanotransducer FHL2 that acts at different cellular
locations. Consistent with these findings, a novel mechanochemical
feedback circuit was found in which force-driven FHL2 localization
enhances hypercontractility (Seetharaman et al., 2024).

The first Original Research Article by Mao and Nakamura
presents how force dependent conformational alterations enable
the interaction of the actin crosslinking protein Filamin A (FLNA)
with a new mechano-sensitive binding partner, La-related protein 4
(LARP4). FLNA interacts with LARP4 in the cleft formed by C and
D strands of immunoglobulin-like repeat 21 (R21) in the presence of
force, whereby specific mutation in FLNA impedes (e.g., F277A) the
interaction. In the absence of force, this interaction is blocked by the
A strand of R20 of LARP4. The second Original Research Article by
Monserrat Vela-Alcántara et al. describes the analysis of the
expression of neurophilin-1 (NRP-1) in cancer cells, such as
cervical (HeLa) and prostate cancer cells (PC-3), and normal
cells, such as HPrEC and HEK, in relation to the mechanical
environment of the cells, such as stiffness. For example, when the
microenvironmental stiffness is raised, the expression of NRP-1 is
upregulated in a stiffness-dependent feedback circuit. The effect is
more pronounced in cancer cells compared to normal cells. The
Brief Research Report by Hu et al. relates the different cleavage of the
focal adhesion protein Talin with the shape of FAs. Transformed
cells, such as Meljuso, A375P, and A2058 melanoma cells, displayed
higher Talin cleavage levels inside FAs compared to non-
transformed cells, specifically the human foreskin fibroblast
(HFF-1) cell line. In addition, growth tests showed that the
decrease of calpain cleavage in Talin diminished the growth of
the transformed cells.

There is still a need for further research focusing on the
bidirectional role of the mechanical properties of the
microenvironment on cancer cells and cancer-associated cells,

such as stromal cells, endothelial cells and immune cells.
Mechanically determined regulatory mechanisms that determine
the localization of specific proteins at certain locations in the cell,
such as the membrane, cytoskeleton, cell nucleus or in endosomes,
could be of interest. The role of the exchange of cargos or membrane
components by extracellular vesicles induced by mechanical
modifications of the cell environment or cells appears to be
important for understanding the interaction of cancer cells and
immune or stromal cells and endothelial cells.
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