underlying biological mechanisms. 3
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HOW STRESS MAKES
ALLERGIC DERMATITIS WORSE

Researchers find a protein trigger that links stress to nerve

inflammation in mice with dermatitis, and even those

with healthy skin.

kin can react in unexpected ways

to stress. Dermatologists have long

observed that stress can trigger or
worsen allergic skin conditions, often leading
to increased itchiness and inflammation.

To explore the biological mechanisms
behind these effects, researchers from
Germany and the United Kingdom identified
a possible pathway through which stress
may influence the onset or severity of atopic
dermatitis. Their findings point o ‘substance
P’ as a key player in the skin’s response to
psychological stress. This is a small, protein-
like molecule used by nerve cells to transmit
pain signals and trigger inflammation.

The study used mice engineered to be
allergic to an egg white protein, which cause
them to develop allergic-dermatitis-like
symptoms upon exposure. To induce stress,
the researchers exposed them, and a control
group of healthy mice to a repellent high-
frequency noise.

Noise stressor
When the allergy-prone mice were sensitized
with an injection of egg white protein, they
developed skin redness and scaling around
the injection site. The researchers also
observed increased growth of nerve fibres
containing substance P in the affected skin.
When the mice were later exposed to
the noise stressor, the growth of substance
P-containing nerve fibres in the skin increased
even further. The stress also significantly
worsened other dermatitis features, including
skin thickening, heightened activation of white
blood cells linked to allergic responses, and a
breakdown in the structure and organization

of nerve fibres. Overall, stress exacerbated
their symptoms by around 33%.

To further investigate the role of substance
P, the researchers engineered a separate
group of allergic-prone mice with a defective
receptor for substance P. While these mice
still developed some symptoms of allergic
dermatitis when exposed to the allergen,
their symptoms did not worsen in response fo

noise stress.

Key mediator
The researchers also exposed normal mice
to the same noise stress and saw that these
non-allergic mice also developed increased
levels of substance P-containing nerve fibres
in the skin, even without having dermatitis,
compared to control mice that were not
exposed fo stress.

These findings demonstrate that substance
P is probably a key mediator of the skin’s

inflammatory response to psychological stress.

The authors also suggested that stress
alone can induce some of the same
neurological changes in healthy skin
similar to those caused by allergen-induced
dermatitis, highlighting stress may not only
worsen existing skin conditions, but may also
trigger them in the first place. They propose
that substance P may serve as a potential
therapeutic target for allergic skin conditions,
while also providing a compelling pathogenic
explanation that could help alleviate
psychological stress in affected patients.
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Noise, as a form of psychological

stress, can trigger skin inflammation

by activating nerve-cell signals
through substance P — a key

molecule in pain transmission.
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SENSORY NEURONS
HELP TISSUE REPAIR VIA
IMMUNE SIGNALLING

Pain-sensing neurons help orchestrate tissue repair through

interactions with the immune system, potentially opening

new avenues for treating hard-to-heal wounds.

he immune system plays a key role in wound
T healing by detecting injury, clearing damaged

cells, and coordinating tissue repair through
inflammation and regeneration. New research is
focused on how the nervous system interacts with
the immune system to support the healing process.

To investigate how neuro-immune interactions
— particularly between sensory neurons in skin
and the immune system — could be harnessed to
promote tissue healing, researchers from Monash
University, in Australia, and Osaka University, in
Japan, studied nociceptors. These are specialized
pain-sensing neurons that have nerve endings in
skin, muscles and joints.

In a 2024 study in Nature, the researchers
reported that nociceptors mediate healing by
releasing a neuropeptide into injured skin and
muscle tissues. Known as the calcitonin gene-related
peptide (CGRP), it signals to immune cells to help
regenerate tissues'.

Neuro-immune interactions

The researchers used a mouse model to examine
how the absence of nociceptors affects healing.
Mice engineered to lack a subset of nociceptors
exhibited delayed skin wound closure after
acute injury and impaired muscle regeneration,
suggesting an important role for these sensory
neurons in regeneration.

The team then used a different mouse model
with nociceptors labelled with a fluorescent protein,
enabling them to track these sensory neurons
during skin and muscle healing. They observed
that nociceptor nerve endings growing intfo injured
tissues and release CGRP, implicating it as a key
signalling molecule mediating nervous—immune

system communication during tissue repair.

Researchers later applied an engineered form
of CGRP, which accelerated wound healing, and
enhanced muscle regeneration both in mice lacking
nociceptors, and in diabetic mice with peripheral
nerve damage beyond the brain and spinal cord.

Modulating immune response

The researchers explored how CGRP influences

the immune system to promote tissue regeneration.
In mouse and in vitro cell studies, they found that
CGRP signals via receptor-activity-modifying protein
1 (RAMP1) to key immune cells — specifically
neutrophils, monocytes and macrophages.

These white blood cells play crucial roles
during wound healing by regulating inflammation,
clearing damaged tissue and promoting repair.
CGRP signalling shifted them towards an anti-
inflammatory and pro-repair state.

Gene expression analysis revealed that the
effects of CGRP on neutrophils and macrophages
are mediated by thrombospondin-1 (TSP-1), a
multifunctional protein known to support healing.

This study uncovers a significant neuro-immune
regenerative axis activated after acute tissue injury,
highlighting the complex interactions between
nociceptors, immune cells and tissue repair.

The authors suggest that the findings may have
implications for regenerative medicine, particularly
for patients with hard-to-heal wounds resulting
from dysregulated neuro—immune interactions.
Harnessing this neuro-immune regenerative axis
opens new avenues for potential new therapies,
either as standalone treatments or in combination

with existing approaches, they suggest.
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An artist's impression of interconnected
neuron cells with electrical pulses. Pain
sensing neurons play a key role in wo

healing and regeneration.
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A CELLULAR ‘"MECHANICAL
SENSOR’ THAT REGULATES

SKIN REPAIR

Biologists have found that a protein that senses mechanical

forces can play a key role in wound healing, and may

have wider implications.

C an your cells “feel’ what is happening
around them? In 2010, a team at the
Scripps Research Institute in California
uncovered how the body converts physical
pressure into biological signals.

The research led by neuroscientist, Ardem
Patapoutian, revealed two sensor proteins
— PIEZO1 and PIEZO2 — located in the
membranes of certain cells. These act as tiny
pressure detectors, allowing cells to sense
and respond to mechanical forces such as
touch or movement. This breakthrough earned
Patapoutian the 2021 Nobel Prize in Physiology
or Medicine.

Building on this discovery, researchers at the
University of California, Irvine, in collaboration
with the Scripps Research Institute, began
investigating the mechanisms of these sensor
proteins in greater detail — particularly their role
in the process of wound healing.

In 2021, they reported that PIEZO1 can
slow the healing process by regulating the
movement of keratinocytes, the primary cell
type in the outermost layer of the skin, based
on experiments conducted on an animal model
lacking this protein’.

Mechanics of skin healing

To explore whether PIEZO1 plays a role in
wound healing, the researchers carried out
experiments using mice whose PIEZO1 proteins
were removed in their keratinocytes.

They found that mice lacking PIEZO1 healed
faster than mice with normal levels. A similar
pattern was observed in lab-grown keratinocytes
treated with a chemical that activates PIEZO1. The

researchers used time-lapse imaging on migrating
keratinocytes from mice engineered expressing

a fluorescently tagged PIEZO1, allowing them to
track its location in cells over time.

Regulating cell migration

Using a lab-based model of a skin wound —
created by scratching a gap info a single layer of
keratinocytes grown in a dish — they observed
that the distribution of PIEZO1 changes over
time. It fends to accumulate in certain areas near
the wound edge, where it makes the cells move
backwards.

Additional experiments in individual
migrating keratinocytes showed that PIEZO1
tends to gather at the rear of the cell, a region
critical for its forward movement.

The authors identify PIEZO1 as a key
regulator of keratinocyte migration during skin
repair, with implications beyond wound healing,
opening new directions for investigating its
role in development, homeostasis, disease, and
repair. They also propose PIEZO1 as a promising
target for new therapies to enhance wound
healing — potentially through topical treatments.

Researchers are also exploring PIEZO1’s
broader impact on skin health and ageing. In
2024, a team from South Korea investigated how
PIEZO1 could help boost collagen production
in the skin. They found that a certain synthetic
polymer could activate PIEZO1, prompting skin
cells to grow and produce more collagen?.
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2. Byun, K. A. et al. Int. J. Mol. Sci. 25,7232 (2024).

An artistic impression of the PIEZO 1
structure. This tripod-shaped sensor

protein sits in the membranes of

keratinocyte cells, where it plays a

key role in regulating their

movement during skin repair.
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