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Skin stiffness due to decreased blood vessels induces epidermal

stem cell senescence
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Abstract

Keratinocytes, which make up the majority of the skin epithelium, differentiate from epidermal stem cells and migrate from
the basement membrane to the upper layers of the skin, where they are finally shed as grime. Epidermal stem cells play an
important role for skin homeostasis by proliferative capacity and flexibility in response to wound healing and physiological
changes. However, factors affecting epidermal stem cell proliferation remain unresolved. In this study, we focused on Piezol, a
mechano-ion channel that recognizes "stiffness" and becomes activated, and clarified the mechanism by which the mechanical
environment induces epidermal stem cell senescence. A new mechanism of skin aging has been identified in which Ptx3
expression from dermal fibroblasts increases with aging, which induces vascular atrophy and dermal stiffening, and induces
age-related alterations in epidermal stem cells due to long-term calcium influx via Piezol. This finding may be useful for the
development of new functional ingredients with a novel mechanism “Ptx3 regulation.”
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Introduction

The skin has the epidermis, dermis, and hypodermis.
The epidermis is composed of multiple cell layers at different
stages of differentiation, starting from the upper layers:
stratum corneum, granular layer, spinus layer, and basal
layer. Basal cells in the basal layer maintain their function
as epidermal stem cells attached to the basement membrane.
Epidermal stem cells undergo a series of metabolic processes:
they proliferate constantly, differentiate step by step by
peeling off from the basement membrane and migrating to
the upper layers, and finally peel off as grime. Epidermal
stem cells respond flexibly to wound healing and physiological
changes, and their proliferative capacity can be temporarily
increased .

It is known that epidermal stem cells lose their function
with aging, their adhesion to the basement membrane
becomes weaker, and the direction of cell division becomes
abnormal #¥. This aging-related disorders of epidermal stem
cells is thought to be caused by internal cellular changes,
i.e., DNA damage induced by oxidative stress®. However,
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the aging changes in the environment surrounding epidermal
stem cells and their effects on epidermal stem cells have not
yet been elucidated.

By focusing on the "stiffness" of the dermis under
the epidermis, this study clarified the mechanism by which
age-related alterations in the mechanical environment of
epidermal stem cells induce aging”.

Differences between young and aged skin

In the study of differences between young and aged
mouse plantar epidermis, we found that epidermal stem
cells in aged mice showed age-related alterations, including
weakening of hemidesmosomes that support adhesion to
the basement membrane, increased perpendicular division
to the basement membrane, and ectopic expression of
differentiation markers. To identify the cause of this aging
disorders, gene expression in epidermal stem cells was
compared between young and aged mice. The gene group
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whose expression was elevated in aged mice was significantly
enriched in genes related to calcium signaling. Regarding
calcium, studies using cultured cells have shown that it
induces keratinocyte differentiation and hemidesmosome
disassembly ®.

Therefore, we performed calcium in vivo imaging of
epidermal stem cells in the plantar region of living mice and
found that calcium pulses of 20 seconds or longer duration
were more frequent in aged mice than in young mice. We
hypothesized that ion channels, which are activated by
sensing mechanical changes in cells, may be involved in this
phenomenon, and investigated the possibility of changes in
tissue stiffness to find that the dermis was stiffer in aged
mice than in young mice.

Next, we focused on Piezol, a mechano-ion channel that
recognizes and activates substrate "stiffness"®. When Piezol
was knocked out specifically in epidermal basal cells, the
prolonged calcium pulse induced by aging was suppressed, as
was the aging disorders of epidermal stem cells. Thus, age-
related stiffening of the dermis induces sustained activation
of Piezol in epidermal basal cells, which in turn induces age-
related disorders of epidermal stem cells through prolonged
calcium influx.

Effects of aging on the skin dermis

We have attempted to elucidate the causes of age-related
dermal stiffening and previously clarified that blood vessels
are important for epidermal stem cell proliferation?.
Therefore, we examined the blood vessels in the dermis of
aging mice and found that the number of blood vessels was
reduced in the dermis of aging mice. Furthermore,
artificially increasing the number of blood vessels in
transgenic mice restored the age-related stiffening of the
dermis and also the aging disorders of epidermal stem cells.
Conversely, genetic modification of young mice to reduce
vascularity induced a phenotype of dermal stiffening and
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age-related transformation of epidermal basal cells.

Next, we attempted to identify the cause of age-related
vascular atrophy. Using a single cell RNA sequencing of the
dermis of young and aged mice, it revealed the increased
cluster of fibroblasts expressing high levels of Pentraxin 3
(Ptx3), a secreted factor that inhibits angiogenesis'®. In Ptx3
knockout mice, age-related vascular atrophy was suppressed,
dermal stiffness was improved, and age-related disorders of
epidermal stem cells were alleviated. Furthermore, analysis
of human skin samples showed that Ptx3 accumulated more
in the skin dermis of older adults than that of younger
adults.

Conclusion: Decreased blood vessels and
dermal stiffening

These results reveal a novel mechanism of skin aging in
which Ptx3 expression increases with aging from fibroblasts
in the dermis, which induces vascular reduction and dermal
stiffening, thus inducing age-related disorders of epidermal
stem cells by long-term calcium influx via Piezol (Fig.I).
The results may be useful for the development of drugs and
cosmetics with new mechanisms of action “Ptx3 regulation.”
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Fig. 1. Schematic of the mechanism of age-associated IFESC dysregulation.
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