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Editorial on the Research Topic

New Insights into Mechanotransduction by Immune Cells in Physiological and Pathological Conditions

Mechanotransduction is the process in which mechanical and physical forces sensed by membrane
receptors and/or channels (‘mechanosensors’) are converted into intracellular biochemical signals. This
process plays fundamental functions in the regulation of development, immunity, inflammation,
neurodegeneration, wound healing, fibrogenesis, pain transmission, and oncogenesis (1–6). Changes in
matrix tension, stiffness (or rigidity), compression, and shear aswell as cellular contactwithneighboring
cells and foreign bodies produce intracellular signals by acting onmechanosensors to affect awide range
of physiological or pathological outcomes (7–14, Gunasinghe et al.). Emerging data support a role for
substrate tension, compression, and stiffness of the extracellular and intracellular matrix, in numerous
cellular processes including gene expression, cellmigration, cell proliferation, and differentiation (1–14,
Gunasinghe et al.). Despite substantial progress in mechanotransduction field, the molecular pathways
whereby mechanical and biochemical signals are integrated to elicit a specific cellular outcome are still
poorly understood. The aim of this special Research Topic, which incorporates 6 original articles and 4
reviews - is to highlight the role of mechanotransduction by immune cells under physiological and
pathological conditions.

All immune cells including T-cells, B-cells, Natural killer (NK) cells, macrophages/monocytes,
neutrophils, and glial cells of peripheral and central nervous systems are subjected to biochemical and
mechanical cues when in systemic circulation and in tissues. NK cells contribute to host immune
protection against viruses and tumors by mediating target cell killing and secreting various cytokines.
Santoni et al., reportsfindings on the involvement ofmechanosensation andmechanotransduction that
is mainly mediated by actin cytoskeleton, in the regulation of NK cell adhesion, migration, tissue
infiltration and functions. Precise understanding of mechanotransduction in regulation of NK cell
function may facilitate the development of nanomaterials tailored for NK cells, which would be
important to develop new immunotherapeutic approaches.

Macrophages andneutrophils aremechanosensitive cells thatperformdiverse functionsby sensingand
responding to alterationof both physical andbiochemical (soluble) cues in their tissuemicroenvironment.
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In contrast to the intense focus on soluble cues including cytokines,
chemokines, as regulators of immune cell function, the physical
microenvironment has traditionally received considerably less
attention. Utilizing static and cyclic uniaxial stretch, Atcha et al.
reports that the physical forces synergize with soluble signals to
modulatemacrophagemorphology and function, and suggests a role
for CD11b and Piezo1 crosstalk in mechanotransduction in
macrophages. In this regard, Orsini et al. summarizes a systematic
reviewtodiscuss the roleofmechanosensitive ionchannels, including
Piezo1 and transient receptor potential vanilloid 4 (TRPV4), and cell
adhesion molecules, including integrins, selectins, and cadherins in
immune cells under various physiological and pathological
conditions. They have highlighted that mechanical cues via
activation of mechanosensitive ion channels and receptors activate
intracellular signaling pathways, including MAPKs, YAP/TAZ,
EDN1, NF-kB, and HIF-1a, to make a change in cellular
responses. The precise understanding of the mechanisms by which
immune cells transducemechanosensitive cuespresentsnovel targets
to treat human diseases. The review byNguyen et al. discusses recent
understanding of cellular processes whereby macrophage TRPV4
plays a role in pathological conditions and inflammation, and the
importance of applying unbiased methods including high-
throughput and omics methods in future, for a broader
understanding of the functional outcomes of TRPV4 activation.

Toft-Bertelsen and MacAulay, summarizes the current
knowledge on cell volume regulation to discuss various
mechanisms underlying the molecular coupling from cell
swelling to TRPV4 channel activation and present the evidence
of direct versus indirect swelling-activation of TRPV4. We believe
the current knowledge discussed in this review will stimulate
further research efforts in this area to precisely reveal TRPV4’s
role in numerous physiological and pathological conditions.

Matsuyama et al., summarizes the current knowledge on
gateway reflex, a process that explains how autoreactive CD4+

T cells cause inflammation in tissues harboring blood-barriers,
such as the brain and retina, with a special interest on TRPV1
and mechanotransduction.

The role of TRP channels on inflammation during bacterial
infections has been well recognized. Kono et al., reports a
previously unsuspected role for TRPV1 and TRPV4 in
Streptococcus pneumoniae nasal colonization and consequent
development of pneumococcal disease in a mouse model. This
results show that modulating host immune responses by TRPV1/
TRPV4 could be a unique strategy against pathogenic bacteria
generating local and/or systemic inflammation.

Trabecular meshwork (TM) cells are mechanosensitive cells
with phagocytic and immune properties that actively regulate
intraocular pressure (IOP). An increase in IOP stimulates actin
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polymerization via stretch-activated TRPV4 channels, which
increases tissue resistance to outflow of aqueous humor to further
elevate IOP. Yarishkin et al. report that sustainedTRPV4 activation
induces pacemaking calcium activity by stimulating TRPM4
(Transient Receptor Potential Melastatin 4), a calcium-activated
sodium channel. By imbuing mechanotransduction with intrinsic
time-dependence downstream from the tensile and compressive
impact of IOP, TRPV4-TRPM4 interactions might provide
immune regulation and outflow resistance in the anterior eye
with an additional layer of signaling complexity.

Pathni et al., reports that activation of Cytotoxic T
lymphocytes (CTLs) in the presence of interleukin (IL)-12
leads to differential modulation of the actomyosin and
microtubule dynamics at the immune synapse leading to
increased mechanical force exertion by CTLs to their targets.
This result indicates a potential mechanotransduction via which
IL-12 can augment the CTL response.

Initial studies probing mechanosensing role of T cells focused on
planar hydrogel and elastomer surfaces. However, these approaches
have several drawbacks including difficulties in separating
mechanical stiffness from alterations in substrate chemistry
required to regulate stiffness. Sachar and Kam, reports here the use
of magnetically-actuated microscale elastomer pillars to change the
stiffness of elastomer pillars, independent of substrate chemistry.

To precisely understand immune signaling and inflammation
it is critical to define the mechanisms by which specific
mechanotransduction processes occur, and how functional
mechanosensing responses are influenced by the local, systemic
and time-dependent biochemical factors. We would like to thank
all the authors and reviewers who contributed to this special
edition, for their time and expertise.
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