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ABSTRACT

Epithelial cells, lining the skin and internal organs, play a crucial role as protective barriers and
regulators of substance transport. Traditionally, these cells were not considered to employ
electrical signaling for communication. However, recent investigations have unveiled that
epithelial cells generate slow electrical signals, termed the "silent scream," in response to injury,
thus challenging conventional views of intercellular communication. A recent experimental
investigation provided compelling evidence for this phenomenon, demonstrating the ability of
these cells to transmit electrical signals over considerable distances within the epithelium. The
research utilized microelectrode array chips to precisely detect subtle electrical events in
keratinocytes and Madin-Darby Canine Kidney (MDCK) cells, revealing spiking activity
characterized by slow propagation speeds, distinct from the rapid action potentials of neurons.
The mechanisms underlying this novel signaling are explored, focusing on the involvement of
mechanosensitive ion channels, calcium signaling, and Adenosine triphosphate (ATP) release.
Calcium ions, well-established intracellular messengers, appear to play a central role in this
biological phenomenon. Integrating this newly discovered communication mode into the existing
understanding of skin cell biology reveals a more intricate picture of how skin senses and responds
to its environment. The implications of this finding extend to various facets of skin physiology
and pathology, including wound healing, inflammation, and skin aging. In wound healing, where
endogenous electric fields guide cell migration and promote repair, this unique type of electrical
signaling potentially plays a crucial part. Furthermore, aberrant electrical signaling might
contribute to chronic inflammatory conditions, and age-related changes in this signaling could
underlie the functional decline observed in aged skin. The potential for other environmental
stressors to trigger the epithelial-generated electric signals also warrants investigation. The
exploration concludes by discussing potential technological applications, such as bioelectric
sensors and enhanced wound healing therapies, and future research directions aimed at further
elucidating the molecular mechanisms and functional roles of this non-excitable cell
electrophysiology.

Key words: Adenosine triphosphate (ATP), Calcium Signaling, Cell Communication, Epithelial
Cells, Keratinocytes, Wound Healing.

INTRODUCTION

Intercellular communication forms the bedrock of multicellular life, enabling the fine-
tuned coordination of cellular activities essential for tissue development, homeostasis,
and response to environmental changes. Traditionally, this communication has been
primarily understood through three main modalities: chemical signaling, involving the
release and reception of molecules like hormones, neurotransmitters, and cytokines;
direct cell-cell contact, facilitated by gap junctions that allow the passage of small
molecules and ions between adjacent cells, and adhesion molecules that mediate
physical interactions and initiate signaling cascades; and electrical signaling,
predominantly associated with excitable cells such as neurons and muscle cells,
characterized by rapid fluctuations in membrane potential and the flow of ions. [1-3]
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This established framework largely positioned electrical
signaling as a specialized function, with non-excitable cells,
including epithelial cells, primarily responding to chemical and
mechanical cues. [1]

Epithelial cells, which constitute the linings of the skin, organs,
and body cavities, serve as crucial barriers protecting the body
from the external environment and regulating the transport of
substances. [3] Their known repertoire of responses to external
stimuli includes reacting to chemical signals like growth factors
and cytokines that influence their proliferation,
differentiation, and specialized functions. [4] Furthermore,
epithelial cells, particularly keratinocytes in the skin, are
known to be highly sensitive to mechanical stimuli, capable of
sensing touch, pressure, and stretch, which can trigger
intracellular signaling pathways leading to responses such as
the release of adenosine triphosphate (ATP) and alterations in
gene expression through mechanotransduction. [5] For
instance, mechanical stress on skin cells can initiate signaling
cascades involving integrins [Heterodimeric transmembrane
proteins (a and B subunits)], focal adhesion kinase (FAK) [A
cytoplasmic tyrosine kinase protein], extracellular signal-
regulated kinase (ERK) [A member of the mitogen-activated
protein kinase (MAPK) family], and phosphoinositide 3-
kinase/Akt (PI3K/Akt) pathways [A complex signaling pathway
involving PI3K (a lipid kinase) and Akt (a serine/threonine
kinase)]. [6,7] While this mechanosensitivity and the ability of
keratinocytes to release ATP upon mechanical stimulation have
been recognized, the recent discovery of slow electrical
signaling as a primary mode of communication in response to
injury unveils a distinct and previously unappreciated aspect
of their biology. [8-10] (Figure 1) depicts this complex interplay
process in the simplified chart.

Recent groundbreaking research has revealed that epithelial
cells possess the remarkable ability to communicate danger
through slow electrical signals when injured, a phenomenon
described as a "silent scream”. [1] This finding challenges the
traditional view of these cells as electrically passive barriers
and suggests a sophisticated mechanism for coordinating
cellular responses at a multicellular level within the
epithelium. The analogy of a "scream” powerfully conveys the
idea of a rapid, albeit temporally slower than neuronal signals,
transmission of a distress signal, implying a critical role in
orchestrating a collective cellular response to maintain tissue
integrity upon damage. [1] This review aims to provide a
comprehensive analysis of this newly discovered phenomenon,
exploring the experimental evidence supporting it, the
potential underlying mechanisms, its integration with existing
knowledge of skin cell communication and stress responses, its
implications for skin physiology and pathology, and the exciting
possibilities it opens for future research and technological
applications.

This article critically analyzes recent evidence revealing slow
electrical signaling in epithelial cells, a departure from
traditional views of intercellular communication. It
synthesizes findings to characterize this novel signaling,
including its kinetics, propagation, and mechanisms involving
mechanosensitive ion channels, calcium signaling, and ATP

release. Furthermore, the paper integrates this discovery into
skin cell biology, examining its relationship with established
communication pathways and implications for skin physiology
and pathology, such as wound healing, inflammation, and
aging. Finally, it outlines potential technological applications
and future research directions to further elucidate this
phenomenon.

SCIENTIFIC METHODOLOGY FOR REVIEW SYNTHESIS

The information presented in this brief review was gathered
through a scanning search of scientific literature using relevant
keywords across the internet, including several databases. The
primary  keywords employed included “skin  cell
communication,” "epithelial cell signaling,” "keratinocyte
signaling,” "skin stress response,” "wound healing electrical
signals,” "ATP release skin,” "calcium signaling skin,"
"mechanosensing  keratinocytes,”  "bioelectricity  skin,"
"epithelial action potentials,” and "slow electrical signals
cells.” The main databases consulted were PubMed, Scopus,
Web of Science, and Google Scholar, ensuring a broad search
of published research, taking into consideration avoiding
unnecessary scope creep.

SCIENTIFIC METHODOLOGY FOR REVIEW SYNTHESIS

The information presented in this brief review was gathered
through a scanning search of scientific literature using relevant
keywords across the internet, including several databases. The
primary  keywords employed included “skin  cell
communication,” “epithelial cell signaling,” "keratinocyte
signaling,” "skin stress response,” "wound healing electrical
signals,” "ATP release skin,” "calcium signaling skin,"
"mechanosensing  keratinocytes,”  "bioelectricity  skin,”
"epithelial action potentials,” and "slow electrical signals
cells.” The main databases consulted were PubMed, Scopus,
Web of Science, and Google Scholar, ensuring a broad search
of published research, taking into consideration avoiding
unnecessary scope creep. The selection of articles for this
review was based on their relevance and purpose-serving the
topic, with a focus on scientifically backed research papers,
review manuscripts, and studies directly investigating cell
communication, stress responses, and electrical signaling in
skin and epithelial cells. Studies that primarily focused on
neuronal or muscle cell electrical signaling without clear
relevance to epithelial cells were excluded from this review.
Professional scientific discussions in social media revolving
around scientifically related issues and published manuscripts
covering the scope of the topic were also screened and
investigated. To maintain accuracy and avoid unsupported
assertions, the investigation rigorously prioritized the findings
of the original study by Yu and Granick (2025) as the foundation
for further exploration. Information from other sources was
integrated only when it corroborated or expanded upon these
initial findings and was supported by evidence from reputable
sources. Any discrepancies or conflicting information were
carefully evaluated, and preference was given to well-
established findings with strong experimental backing. All
references cited within this review have been meticulously
reviewed, formatted, and retrieved from their investigated
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websites. [1-20] A dedicated citation management software
was utilized throughout the writing process to ensure the

accuracy and consistency of all citations as much as possible
and mitigate the risks of unintentional errors.
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Figure 1: The Diagram illustrates the structure and interaction within epithelial tissue layers. It includes two subgraphs: one for the
epithelial tissue with its cells connected by tight junctions and basement membrane interactions, and another for external
environmental factors like mechanical stimuli and injuries that affect cellular processes.

UNVEILING THE "SILENT SCREAM": EXPERIMENTAL EVIDENCE
AND KEY FINDINGS

The pivotal study that brought the "silent scream” of skin cells
to light was conducted by Yu and Granick (2025) and published
in the Proceedings of the National Academy of Sciences
(PNAS).[1] Their research provided compelling evidence that
epithelial cells, traditionally considered electrically non-
excitable, exhibit traveling extracellular electric charge when
injured. [21] The experimental design involved culturing
human keratinocyte cells and canine Madin-Darby Canine
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Kidney (MDCK) cells, serving as model epithelial systems, on a
custom-designed chip equipped with 60 precisely positioned
microelectrodes. [1] This sophisticated setup allowed for the
recording of extracellular electrical potentials with high
spatial and temporal resolution. To induce localized cellular
injury, the researchers employed a precise laser to "sting"
individual cells within the monolayer. Subsequently, they
meticulously monitored the electrical activity of the
surrounding cells over time, starting approximately 10 minutes
after the laser stimulus ended, and continued measurements
for up to five hours. [21] Furthermore, they investigated the
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role of calcium ions by observing how manipulating calcium
levels affected the observed electrical signals. [1]

The key findings of this groundbreaking study revealed that
injured epithelial cells generated punctuated, time-dependent
extracellular voltage changes, which the researchers termed
"spiking activity". [21] These voltage spikes displayed
depolarization, repolarization, and hyperpolarization phases,
remarkably similar in shape to the action potential observed in
neurons. [21] However, a significant difference was noted in
the temporal scale: the duration of these epithelial spikes
ranged from 1 to 2 seconds, considerably longer than the
millisecond timescale characteristic of neuronal action
potentials. [21] These electrical signals were also found to
propagate outwards from the injury site over surprisingly long
distances, reaching hundreds of micrometers and extending up
to 40 times the length of a single cell. [1] The mean
propagation speed of these signals was approximately 10
millimeters per second, significantly slower than the rapid
transmission of signals in neuronal networks. [16] Importantly,
the study demonstrated that the generation and transmission
of these bioelectric signals were significantly influenced by the
perturbation of mechanosensitive cationic ion channels,
suggesting their crucial involvement in the phenomenon. [21]
Moreover, the electrical spiking activity persisted for extended
periods, with observations lasting up to five hours, indicating
a sustained communication mechanism. [1] The researchers
also found that calcium ion flows played a necessary role in
this epithelial conversation. [1]

The discovery of this biological phenomenon was enabled by
significant technological advancements, particularly the use of
a high-resolution microelectrode array chip. [1] This
technology allowed for the precise detection and
characterization of these subtle and slow electrical events,
which might have been undetectable using traditional
electrophysiological techniques focused on faster signals. The
researchers initially interpreted these findings as evidence for
a previously unknown mode of intercellular communication in
epithelial cells, triggered by injury and potentially playing a
crucial role in coordinating cellular responses to maintain
tissue integrity. [1] They also highlighted the potential
implications of this discovery for the development of novel
bioelectric medical devices and sensors for applications in
wound healing and diagnostics. [1] Furthermore, the
researchers suggested that this slow electrical signaling might
represent a more primitive form of long-distance intercellular
communication, hinting at potential evolutionary significance
that warrants further investigation. [23]

DECIPHERING THE MECHANISM: POTENTIAL DRIVERS OF THE
SLOW ELECTRICAL SIGNALS

The generation and propagation of electrical signals in cells
are fundamentally governed by the movement of ions across
the cell membrane through specialized protein channels known
as ion channels. [5] These channels regulate the flow of
charged ions, such as sodium (Na+), potassium (K+), calcium
(Ca2+), and chloride (Cl-), leading to changes in the membrane
potential, the electrical potential difference across the cell
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membrane. The aforementioned study indicated that the
perturbation of mechanosensitive cationic ion channels
significantly influenced the "silent scream”. [17] Mechanical
injury, the stimulus in their experiments, likely activates these
channels, leading to an influx of positively charged ions,
potentially including calcium, into the injured cell. This influx
would cause a depolarization of the cell membrane,
representing the initial phase of the slow electrical spike.

Calcium signaling emerges as a central mediator in this unique
electrical event. [1] Calcium ions are well-established
intracellular messengers involved in a vast array of cellular
processes, including muscle contraction, neurotransmitter
release, gene expression, and cell death. [6] In epithelial cells,
calcium signaling plays crucial roles in differentiation,
proliferation, and barrier maintenance. [22-24] Upon injury,
intracellular calcium levels in skin cells are known to increase,
contributing to membrane repair, cell migration, and
inflammation. [24] The slow kinetics of the electrical spike
observed in epithelial cells might be attributed to the
relatively slower dynamics of calcium signaling compared to
the rapid sodium and potassium fluxes that underlie neuronal
action potentials. Intercellular calcium waves, which are often
mediated by the release of ATP and the involvement of gap
junctions, can propagate calcium signals to neighboring cells.
[25-29] It is plausible that a similar mechanism contributes to
the propagation of the "silent scream” across the epithelial
monolayer.

ATP, known as the energy currency of the cell, also acts as an
important extracellular signaling molecule, particularly in
response to stress and injury. [11] Skin cells, especially
keratinocytes, release ATP in response to various stimuli,
including mechanical stress. [11] Extracellular ATP can then
bind to purinergic receptors [a class of cell surface receptors
that are activated by purine and pyrimidine nucleotides (such
as ATP) and nucleosides (such as adenosine)] on neighboring
cells, triggering intracellular signaling cascades that often
involve an increase in calcium influx and the release of calcium
from intracellular stores. [12] It is conceivable that the
mechanical injury-induced release of ATP could act as an
upstream trigger for the "silent scream.” The released ATP
might activate purinergic receptors on adjacent -cells,
initiating the calcium-dependent slow electrical spiking
activity. Furthermore, the sustained duration of these slow
signals, lasting up to five hours, could potentially be linked to
a prolonged release of ATP or a downstream signaling cascade
initiated by ATP. (Table 1) shows a comparison between
neuronal and epithelial signaling properties.

While the previous experiment provides significant insights,
further research is needed to fully elucidate the precise
molecular mechanisms underlying this newly-discovered type
of signal. Identifying the specific types of mechanosensitive ion
channels and calcium channels involved, as well as definitively
establishing the role of ATP and other potential signaling
molecules, will be crucial for a complete understanding of this
phenomenon. It is also worth noting that other forms of
electrical communication have been observed in non-excitable
cells. For instance, GABAergic signaling has been shown to
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regulate electrical activity between melanoma cells and
keratinocytes, indicating that electrical communication in
non-neuronal cells might be more prevalent and diverse than

Table 1: Comparison of Electrical Signaling Characteristics

previously appreciated. [30-38] (Table 1) summarizes the
differences between the conventional neuronal and the
epithelial signaling.

Epithelial "Silent Scream'

Feature Neuronal Action Potential

Cell Type Neuron

Signal Type Action Potential

Speed Fast (meters/second)

Duration Milliseconds

Primary lons Involved Na+, K+

Typical Stimuli Chemical, Electrical

Known Functions Rapid communication,
processing

INTEGRATING THE EPITHELIAL ELECTRICAL ACTIVITY INTO
THE EXISTING FRAMEWORK OF SKIN CELL COMMUNICATION

Keratinocytes, the predominant cell type in the epidermis, are
increasingly recognized not merely as structural components
forming a protective barrier but also as active participants in
sensing and transmitting a diverse range of signals within the
skin. [13] Their communication array is multifaceted,
encompassing various mechanisms to interact with each other
and with other cell types in the skin, including fibroblasts,
immune cells, melanocytes, and nerve endings. These
established communication methods include the release of
chemical signals such as cytokines, chemokines, and growth
factors that influence the behavior of neighboring cells. [7]
Direct cell-cell contact is mediated by cadherins, which
facilitate adhesion and initiate signaling pathways, and gap
junctions formed by proteins like connexin, which allow for the
direct exchange of small molecules and ions between adjacent
cells. [9-40, 43] ATP signaling plays a significant role through
the paracrine and autocrine activation of purinergic receptors,
impacting processes like proliferation, differentiation, and
inflammation. [11] Furthermore, keratinocytes communicate
via the release of exosomes, small extracellular vesicles that
can carry proteins, RNA, and other molecules to target cells,
influencing their function. [39] Notably, keratinocytes also
engage in direct communication with intraepidermal nerve
fibers at the neurocutaneous unit, a process involving the
release of ATP and other signaling molecules that contribute to
sensory perception. [40] (Figure 2) shows chemical structures
of examples of the important compounds involved in the
previous processes.

The newly discovered non-excitable cell electrophysiology
represents a novel and potentially complementary mode of
communication within the skin epithelium. Its slow temporal
scale and long-range propagation suggest that it might serve a
distinct purpose compared to the faster, more localized
signaling mediated by ATP or direct cell-cell contact. It is
plausible that this slow electrical signaling is involved in
coordinating a more sustained and widespread response to
injury across the epithelial sheet, ensuring a coordinated
effort in tissue repair and defense. The coordinated epithelial

Keratinocyte, MDCK
Voltage Spike

Slow (~10 mm/second)
1-2 seconds

Ca2+ (likely)
Mechanical Injury

information ' Injury signaling, potential coordination of

repair

electrical signaling likely interacts with other established
communication mechanisms in the skin. Given its calcium
dependence, it could modulate or be modulated by calcium-
dependent processes regulated by other signaling pathways,
such as ATP-induced calcium influx and intracellular calcium
release.

T
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Figure 2: ATP chemical structure, and the protein structure of
a cadherin domain and the protein structure of connexin 43
(GJA1), a key component of gap junctions in epithelial cells.

Further investigation is needed to understand how these slow
electrical signals might influence the expression or activity of
cytokines, adhesion molecules, or their coordination with the
neuro-cutaneous unit in sensing and responding to tissue
damage.

THE INJURY-INDUCED ELECTRICAL RESPONSE IN EPITHELIUM
AS A STRESS RESPONSE: IMPLICATIONS FOR CELLULAR
DEFENSE

The skin, as the outermost layer of the body, serves as a critical
interface with the external environment and functions as a
primary stress-sensing and responding organ. [41-48] It
possesses sophisticated mechanisms to detect and respond to
a wide array of environmental insults, including mechanical
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injury, ultraviolet (UV) radiation, oxidative stress, and
chemical irritants.[48] Mechanical injury, the trigger for the
coordinated electrical signaling observed by Yu and Granick
(2025), is a potent stressor for skin cells, initiating a cascade
of stress responses. [10] These responses include the rapid
release of damage-associated molecular patterns (DAMPs) like
ATP, the activation of inflammatory signaling pathways, and
the initiation of complex repair mechanisms.

The epithelial para-neuronal signaling, characterized by the
slow electrical signals propagating through the epithelium
upon injury, could function as an early warning signal, rapidly
(albeit slower than neuronal signals) communicating the
occurrence of mechanical damage to neighboring cells within
the epithelial tissue. This early alert could trigger preemptive
protective responses in the surrounding cells, such as the
upregulation of stress response genes, the strengthening of
intercellular junctions to maintain barrier integrity, or the
release of protective molecules. Given the involvement of
calcium and the potential role of ATP in the "silent scream,” it
is likely that this electrical signaling integrates with other
established stress response pathways in skin cells. For
example, it could potentially modulate the activity of
transcription factors involved in the Nrf2-mediated oxidative
stress response, SAPK/JNK signaling, and the unfolded protein
response, thereby coordinating a comprehensive cellular
defense response to injury. [48-51]

BROADER IMPLICATIONS: IMPACT ON SKIN PHYSIOLOGY AND
PATHOLOGY

The discovery of the non-excitable cell electrophysiology in
skin cells has significant implications for the understanding of
various aspects of skin physiology and pathology. In the context
of wound healing, where a complex sequence of cellular events
is orchestrated to restore tissue integrity, the well-established
role of endogenous electric fields in guiding cell migration and
promoting repair suggests that the epithelial electrical activity
could also play a crucial part. [52,53] The slow electrical
signals might directly influence the migration of keratinocytes
and other cells to the wound site, modulate the release of
growth factors and cytokines involved in tissue repair, and
coordinate the proliferation and differentiation of cells within
the wound margin. [54-56] The sustained nature of these
signals could provide a prolonged cue necessary for the
completion of the multi-stage wound healing process.

Inflammation, a critical component of the skin's response to
injury and infection, might also be modulated by the epithelial
depolarization waves. Given the involvement of calcium and
ATP, both known to participate in inflammatory processes, the
electrical signals could contribute to the recruitment or
activation of immune cells to the site of injury or influence the
release of pro-inflammatory cytokines. [7,24] Aberrant
electrical signaling in skin cells could potentially contribute to
the development or maintenance of chronic inflammatory
conditions.

Skin aging, characterized by a decline in various skin functions,
including impaired wound healing and increased susceptibility

to damage, might also be linked to alterations in the epithelial
electrical activity. [50] Age-related changes in ion channel
expression, calcium homeostasis, or ATP signaling could affect
the efficiency or characteristics of this electrical
communication, contributing to the observed functional
decline in aged skin. Furthermore, the potential for other
environmental stressors, such as UV radiation, chemical
irritants, or pathogens, to trigger the epithelial intercellular
electrical communication warrants investigation. [44, 51, 57-
61] Different types of stress might elicit distinct electrical
signaling patterns, suggesting a nuanced communication
system within the epithelium that allows for specific and
tailored cellular responses to various challenges.

POTENTIAL TECHNOLOGICAL APPLICATIONS: LISTENING TO
AND MODULATING THE COORDINATED EPITHELIAL
ELECTRICAL SIGNALING

The discovery of the epithelial electrical activity opens up
promising possibilities for the development of novel
technological applications. The unique characteristics of these
slow electrical signals, such as their specific voltage pattern
and relatively slow kinetics, could be exploited to develop
advanced wearable or implantable bioelectric sensors. [1] Such
sensors could enable the early detection of tissue damage or
injury, real-time monitoring of wound healing progress, and
potentially even the diagnosis of skin conditions based on
altered electrical signaling patterns. The slow kinetics of the
signal might necessitate the development of specialized sensor
technologies optimized for this specific temporal scale.

Furthermore, understanding the parameters of the natural
epithelial depolarization waves could pave the way for the
development of enhanced wound healing therapies. Targeted
electrical stimulation therapies that mimic or modulate these
endogenous signals might accelerate and improve wound
healing outcomes. [1] Optimizing stimulation parameters such
as voltage, frequency (if any), and duration based on the
characteristics of the natural signal could lead to more
effective interventions. The development of bioelectronic
bandages capable of delivering controlled electrical signals to
wound sites could also revolutionize wound care. [22] A deeper
understanding of the precise role of the epithelial intercellular
electrical communication in different phases of wound healing
could allow for targeted electrical interventions at specific
time points to maximize therapeutic efficacy. Additionally, the
potential for using electrical signals to enhance the
transdermal delivery of therapeutic agents for treating skin
conditions and the utilization of this knowledge to create more
physiologically relevant in vitro skin models for drug testing
and research represent other promising avenues for
technological advancement. [6,55]

FUTURE RESEARCH DIRECTIONS: UNRAVELING THE
MYSTERIES OF THE SLOW EPITHELIAL SIGNALING

The discovery of the non-neuronal signaling marks an exciting
new chapter in the exploration of skin biology and cellular
communication, and it also raises numerous intriguing
questions that warrant further investigation. A primary focus
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of future research should be to definitively identify the
complete molecular machinery involved in this biological
process. This includes pinpointing the specific types of
mechanosensitive ion channels, calcium channels, and other
ion channels responsible for the generation and propagation of
the slow electrical signals. [17] Furthermore, the potential
involvement of other signaling molecules, such as ATP,
neurotransmitters, neuropeptides, and other signaling factors
known to be present in the skin, needs to be thoroughly
explored. [11]

Another crucial area of research will be to investigate the
intracellular signaling cascades that are activated in
neighboring cells upon receiving the effector response.
Understanding the downstream cellular responses triggered by
this electrical signal will provide insights into its functional
significance. Exploring whether similar slow electrical
signaling occurs in other types of epithelial tissues beyond the
skin is also an important direction for future studies. While the
initial findings in the recent experiment were primarily based
on in vitro models, conducting in vivo studies in living
organisms is essential to confirm the existence and functional
relevance of this biological phenomenon in a more complex
physiological environment. Comparative studies across
different species could also provide valuable insights into the
evolutionary origins and conservation of this signaling
mechanism. [2] Given that electrical communication appears
to be an ancient mechanism present in early metazoans,
understanding its conservation and adaptation in different
organisms could reveal fundamental principles of tissue
physiology. [63,64] Finally, investigating how this biological
process is altered in various skin diseases and conditions could
uncover its potential as a diagnostic biomarker or a therapeutic
target.

CONCLUSION

The discovery of slow electrical signaling, or the “silent
scream,” in skin epithelial cells represents a significant
paradigm shift in our understanding of intercellular
communication in non-excitable tissues. This phenomenon,
characterized by neuron-like voltage spikes with considerably
slower kinetics and propagation speeds, suggests a novel
mechanism by which epithelial cells can rapidly communicate
injury over relatively long distances. The involvement of
mechanosensitive ion channels and calcium signaling appears
central to this process, with potential contributions from ATP
release and purinergic signaling. Integrating this new mode of
communication into the existing framework of skin cell biology
reveals a more complex and dynamic picture of how the skin
senses and responds to its environment. The potential
implications of this discovery are vast, ranging from the
development of innovative bioelectric sensors and enhanced
wound healing therapies to a deeper understanding of the
pathophysiology of skin aging and inflammatory conditions.
Future research aimed at elucidating the precise molecular
mechanisms, functional roles in various physiological contexts,
and evolutionary conservation of the unique electrical
signaling promises to further expand our knowledge and

potentially lead to transformative applications in medicine and
bioengineering.
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