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Abstract

The focal “hot spot” neuropathologies in COVID-19 infection are revealing footprints of a
hidden underlying collapse of a novel ultrafast ultradian Piezo2 signaling system within
the nervous system. Paradoxically, the same initiating pathophysiology may underpin the
systemic findings in COVID-19 infection, namely the multiorgan SARS-CoV-2 infection-
induced vascular pathologies and brain-body-wide systemic pro-inflammatory signaling,
depending on the concentration and exposure to infecting SARS-CoV-2 viruses. This
common initiating microdamage is suggested to be the primary damage or the acquired
channelopathy of the Piezo2 ion channel, leading to a principal gateway to pathophysiology.
This Piezo2 channelopathy-induced neural switch could not only explain the initiation of
disrupted cell—cell interactions, metabolic failure, microglial dysfunction, mitochondrial
injury, glutamatergic synapse loss, inflammation and neurological states with the central
involvement of the hippocampus and the medulla, but also the initiating pathophysiology
without SARS-CoV-2 viral intracellular entry into neurons as well. Therefore, the impair-
ment of the proposed Piezo2-induced quantum mechanical free-energy-stimulated ultrafast
proton-coupled tunneling seems to be the principal and critical underlying COVID-19
infection-induced primary damage along the brain axes, depending on the loci of SARS-
CoV-2 viral infection and intracellular entry. Moreover, this initiating Piezo2 channelopathy
may also explain resultant autonomic dysregulation involving the medulla, hippocam-
pus and heart rate regulation, not to mention sleep disturbance with altered rapid eye
movement sleep and cognitive deficit in the short term, and even as a consequence of
long COVID. The current opinion piece aims to promote future angles of science and
research in order to further elucidate the not entirely known initiating pathophysiology of
SARS-CoV-2 infection.

Keywords: neuroCOVID; Piezo2 channelopathy; metabolic switch; microglia; glutamatergic
synapse loss; autonomic dysregulation; ultradian rhythm

1. Introduction

The focal “hot spot” neuropathologies in COVID-19 infection [1] are revealing foot-
prints of a hidden underlying collapse of a novel ultrafast ultradian Piezo signaling system
within the nervous system. Paradoxically, the same initiating pathophysiology could under-
pin the systemic findings, namely the multiorgan SARS-CoV-2 infection-induced vascular
pathologies and brain-body-wide systemic pro-inflammatory signaling, depending on
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concentration and exposure to infecting SARS-CoV-2 viruses [1]. This common initiating
microdamage is suggested to be the primary damage or the acquired channelopathy of the
Piezo2 ion channel, leading to a principle gateway to pathophysiology [2]. Primary damage,
or the root cause of aging, has been long suspected in science [3]. An in-depth introduction
of this pathophysiology initiating primary damage, or the loss of the ultrafast ultradian
proton-based signaling, as being the acquired Piezo2 channelopathy could be found in a
recent review [4]. Accordingly, several unexplained conditions and diseases are suggested
to be initiated by acute, chronic or irreversible Piezo2 channelopathy, like delayed onset
muscle soreness, hypertension, obesity, non-contact anterior cruciate ligament injury, dry
eye disease, osteoporosis, psoriasis, amyotrophic lateral sclerosis, and even cancer, and
many more, depending on the locus of the primary damage, genetic predisposition or
environmental risk factors [4]. If this acquired Piezo2 channelopathy holds true, then it
should have relevance in COVID-19 infection as well. Correspondingly, the current opinion
piece introduces how Piezo2 channelopathy could explain the initiation of the observed
disrupted cell—cell interactions, metabolic failure, microglial dysfunction, mitochondrial
injury, glutamatergic synapse loss, inflammation and neurological states with the central
involvement of the hippocampus and the medulla.

2. Proton Affinity Switch

It is considered that the main binding and entry loci for SARS-CoV-2 viruses are
the angiotensin-converting enzyme 2 (ACE2), leading to the functional loss of ACE2 and
its ectodomain shedding [5]. However, the neural entry of SARS-CoV-2 viruses is not
always essential for COVID-19 neuropathology. In support, SARS-CoV-2 proteins could
not often be detected inside brain neurons, but these proteins were rather situated in
association with blood vessels [1]. It is noteworthy that a study on hamsters also showed a
lack of neuroinvasion by SARS-CoV-2 viruses [6]. Correspondingly, the aforementioned
shedding, like in the case of syndecans, has been emphasized to damage the membrane
surface electrostatic micromilieu by losing negative charge [7]. Moreover, the SARS-CoV-
2 spike-heparan sulfate (HS) interaction is needed for the “up/open” conformation for
consecutive ACE interaction [8]. It is noteworthy that the Delta and Omicron variants’
spike protein mutations also enhance the positive charge in the likely HS binding site [9,10].
Glycosaminoglycan residues, such as HS side chains, are kosmotropic in nature according to
the Hofmeister terminology [11], forming a strongly H-bonded network of water molecules
and are suggested to give rise to conduction of protons released by the Piezo2 channels,
hence explaining the ultrafast proton-based signaling initiation [12]. In addition, cell surface
transmembrane HS proteoglycan syndecans are also binding sites for SARS-CoV-2 prior to
syndecan-assisted cell entry [13,14]. This electrostatic micromilieu is important for Piezo2
function, since the ACE2 ectodomains and syndecans may be involved in proton transfer [7].
Therefore, a proton affinity switch and a resultant unidirectional proton reversal [15] should
be considered as a consequence of SARS-CoV-2 binding to ACE2 and syndecans, and ACE2
ectodomains and syndecan shedding, leading the way to Piezo2 channelopathy. Indeed,
electrostatic interactions are the primary factor that determines the binding affinity of the
SARS-CoV-2 receptor binding domain (RBD) spike to ACE2 [16,17]. Since syndecans may
be essential to Piezo2-Piezol crosstalk [4], the SARS-CoV-2 binding and shedding impairs
this crosstalk, leading to impaired cell-cell interaction and cell orientation. As for the
concrete biophysical mechanism for this non-synaptic Piezo2-Piezol crosstalk, the proton-
conducting Grotthuss mechanism [18] was suggested [12]. The Grotthuss mechanism
entails the concerted action of a large number of quasi-simultaneous proton hopping
events along an H-bonded network of water molecules [18] that is suggested to be the
interfacial water [4]. Hence, the current author proposes that SARS-CoV-2 binding to ACE2
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and syndecans, and ACE2 ectodomain and syndecan shedding might be enough to alter
the electrostatic micromilieu to a point of negative charge alteration to induce impaired
proton transfer and a resultant proton affinity switch on Piezo2 function, leading to Piezo2
channelopathy and impaired Piezo2-Piezol crosstalk. Consequently, SARS-CoV-2 viral
entry into neurons is not a must to induce Piezo2 channelopathy, explaining why viral
proteins often could not be detected inside of brain neurons in neuropathology.

Berta et al. successfully showed the overlapping interaction site for the envelope (E)
protein of SARS-CoV-2 and regulin [19]. Regulin is known to regulate sarco/endoplasmic
reticulum (ER) calcium ATPases (SERCA). Hence, the E protein of SARS-CoV-2 acts like an
exoregulin of SERCA2b, leading to the decreased SERCA-mediated ER calcium reload [19].
It is also known that the E protein of SARS-CoV-2 could construct homopentamers, leading
to viroporins that permeate ions, like calcium. It is noteworthy that SERCA regulates the
activation of the Piezol channel through direct protein—protein interaction [20]. Indeed,
SERCAZ2 is shown to suppress Piezol [21]. However, it is proposed that the Piezo2 content
of glutamatergic neurons is the critical locus for the primary damage in COVID-19 infection.
In support, SERCA suppresses the mechanogating function of Piezo2 as well [22].

Accordingly, the SARS-CoV-2 RBD spike electrostatically binds to the ACE2 content
of glutamatergic neurons, leading to shedding, but even more importantly, to viroporin
formation. The E protein content may act like a suppressive exoregulin of SERCA that, in
turn, disinhibits Piezo2. This is suggested to lead to the pathophysiology initiating over
excessive stimulation of Piezo2, or to Piezo2 channelopathy [2]. This initiating overstimula-
tion is in line with the increased aberrant level of oxidative phosphorylation (OXPHOS)
under COVID-19 infection [23]. However, the binding of the SARS-CoV-2 RBD spike
to ACE2 also inhibits neutral amino acid transport, including glutamine. Glutamine is
heavily used by COVID-19, leading to glutamine depletion. This depletion disrupts the
astrocyte neurite lactate shuttle (ANLS) as a result of Piezo2 channelopathy, leading to
elevated glutamate, and, moreover, explains the VGLUT disconnection [1,2]. In parallel,
the OXPHOS is depleted over time by the induced proton reversal, with the contribution
of viroporin formation. From this point on, this proton reversal instigates the proposed
neural switch, leading to excessive mitochondrial energy generation deficit and explaining
mitochondrial injury.

Aside from ACE2 being an enzyme, it also carries the aforementioned role in the
regulation of neutral amino acids, including glutamine [24]. Glutamine is critical for the
replication of the SARS-CoV-2 virus, but for the host as well [25]. However, as SARS-
CoV-2 binds to ACE2, it impedes glutamine uptake at critical loci of the host; therefore,
it impairs glutaminolysis. It presents a locus minoris resistentiae, since glutamine and
glutaminolysis are essential not only during rapid growth but also in pathological states
like trauma, infection and sepsis [26]. In support, it is evident that COVID-19 infection
depletes glutamine in a critical way [26]. As a result, elevated circulating glutamate, on
the other hand, activates platelets [26]; moreover, excessive glutamate stimulation impairs
ACE2 function even more through the aforementioned shedding [27].

Further consideration is the bi-compartmental mechanism and disruption of Piezo2
crosstalk of these types of microdamages [2]. Therefore, the neurovascular unit (NVU)
of brain microdamage “hot spots” should be considered as bi-compartmental, where the
neurons and their associated cells of the NVU should be considered as the focal one, and the
endothelial cells of the affected blood vessels, the other systemic one. Endothelial Piezo2
content could be of utmost importance in this pathophysiology-initiating mechanism.
Notably, syndecans, like syndecan-2 with endothel-specific expression, and ACE2 may also
have a role in this phenomenon in the aforementioned fashion.
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The proton affinity switch-derived proton reversal on Piezo2 is proposed to be a
metabolic and energy generation switch on glutamatergic neuron terminals [2]. This
reversed proton gradient may deplete OXPHOS-induced electron and proton motive force
production to evolve on glutamatergic neuron terminals over time [2,28]. In support, SARS-
CoV-2 highly inhibits OXPHOS downstream [29]. In addition, the proton influx might
induce subthreshold calcium currents, but even more importantly, it may reverse electrons
as well, leading to impaired mitochondrial energy generation by impairing proton-coupled
electron transfer (mitochondrial injury), not to mention vesicular glutamate release [2]. This
will be a metabolic switch because it could impair the aforementioned ANLS mechanism,
leading to parallel lower energy-generating glutaminolysis in addition to glycolysis in
the affected neuron terminals and compartments [2], but depletion of OXPHOS. These
Piezo2-containing glutamatergic neuron terminals should be considered as metabolic pacer
cells of the local micromilieu and in regard to NVUs; hence, not only astrocytes but also
microglia are affected by this metabolic switch within these compartments. Furthermore,
this metabolic switch is aggravated by the aforementioned SARS-CoV-2 infection-associated
glutamine depletion. In support is the metabolic failure, mitochondrial injury and loss of
glutamatergic terminals due to COVID-19 infection [1]. Additionally, Piezo2 channelopathy
is proposed to lead to VGLUT disconnection, resultant switch/miswiring and glutamatergic
synapse loss over time [15], as is also shown within the brain as a consequence of COVID-19
pathology [1].

Moreover, this proton reversal is also suggested to impair the aforementioned Piezo2—
Piezo2 and Piezo2-Piezol crosstalk [2]. This disruption in the Piezo system is underpinned
by the impaired concerted proton tunneling—electron tunneling, hence spoiling the quantum
mechanical/molecular free energy stimulation capability of Piezo2-initiated ultrafast long-
range proton and electron signaling fueled by OXPHOS [2].

3. Pro-Inflammatory Switch

It is important to note that the abovementioned impaired ANLS machinery-derived
metabolic switch and the impaired Piezo2-Piezol crosstalk could activate astrocytes and
microglia in a pro-inflammatory manner due to their local metabolic dependence on neu-
rons. Microglia and astrocytes have anti-inflammatory responses when the NF-kappaB
inflammatory signaling pathway is activated by reducing TNF-alpha and IL-6 due to Piezol
activation [30]. Noticeably, Piezo2 channelopathy is suggested to induce TNF-alpha and
IL-6, leading to NF-kappaB inflammatory signaling pathway activation [31]. However, the
current author proposes that Piezol-containing microglia and astrocytes cannot fulfill their
anti-inflammatory activity due to the Piezo2 channelopathy-induced lost Piezo2-Piezol
crosstalk within the given compartmental micromilieu, leading to pro-inflammatory activa-
tion. In addition, the metabolically neuron-independent Piezol-containing macrophage
activation could be dysregulated due to the Piezo2 channelopathy-induced impaired Piezo2—
Piezol crosstalk as well [32]. In support, Piezol activation induces pro-inflammatory
responses of macrophages, in contrast to anti-inflammatory responses of microglia and as-
trocytes [30]. However, SARS-CoV-2 viruses-induced Piezo2 channelopathy may skew this
balanced mechanism towards a pro-inflammatory micromilieu, and that could be presented
in the observed focal neuropathologies associated with neurovascular inflammation [1].

4. Hippocampus and the Medulla

The hippocampus is a prime site for adult neurogenesis in the brain. However, de-
ceased SARS-CoV-2-infected patients exhibited loss of hippocampal neurogenesis [6]. This
picture is accompanied by microglial activation and expression of IL-6 mostly in the hip-
pocampus and the medulla oblongata [6]. An important finding is that neurogenesis and
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cognitive function are essentially dependent on Piezol of astrocytes [33]. A recent opinion
piece highlighted the link between the positive effect of exercise on hippocampal neurogen-
esis and cognitive function with the involvement of Piezol-containing platelets and the
opposing negative effect of oxaliplatin on these territories [28]. Oxaliplatin is a platinum
analog chemotherapy, and it is also suggested to induce a proton affinity switch on Piezo2
channels in an acute and chronic fashion that could explain the diminished hippocampal
theta activity and neurogenesis, not to mention learning and memory deficits, coined as
‘chemobrain’ [28]. It is noteworthy that ‘chemobrain’ has very similar territories to ‘brain
fog’, experienced as a result of COVID-19 infection. Furthermore, the aforementioned opin-
ion piece stresses the importance of shear stress detecting Piezol-containing liver sinusoidal
endothelial cells and the Piezo2 channelopathy-derived impaired Piezo2-Piezol crosstalk
as a locus minoris resistentiea under oxaliplatin treatment [28]. The caused hepatic sinu-
soidal damage, platelet activation and extravasation, not to mention spleen enlargement
and thrombocytopenia, could also be analogous to COVID-19 infection and the finding of
Fekete et al. [1]. Accordingly, Fekete et al. showed that viral RNA levels were similarly
increased in the liver and the spleen, as could be observed in the brain [1]. Further in
support, elevated IL-6 levels in the liver and the spleen showed a strong correlation with the
IL-6 levels of the medulla, while increased IL-6 levels were also correlated with elevated mi-
croglial distribution heterogeneity in the dorsal medulla [1]. It is noteworthy that increased
IL-6 points to the loci of Piezo2 channelopathy, as was earlier proposed [31]. In addition,
autonomic imbalance was also suggested to be the direct result of Piezo2 channelopathy
due to the impaired Piezo2-Piezo2 crosstalk of the compartmental microdamaged sites and
the autonomous nervous system [2]. Hence, the higher involvement of the medulla under
COVID-19 infection might be linked to the suggested Piezo2 channelopathies.

Important indicative studies are noteworthy in support of the aforementioned func-
tional link between the hippocampus and the medulla. It was theorized that Piezo2 syn-
chronizes with hippocampal theta rhythm via an ultrafast proton-based synchronizational
mechanism [4]. Earlier research showed that medullary neuron firing and hippocampal
theta rhythm were phase-locked during periods of wakefulness [34]. The authors of this
study even suggested that the hippocampal theta rhythm was involved in heart rate (HR)
modulation [34]. Current research is also suggestive that stress-induced activation of Piezo2
participates in hippocampal fine control, or ultradian regulation, of HR [12]. Prior review
introduced that voluntary movement, reflexes and autonomic control of HR are transiently
related to hippocampal theta rhythm as part of ultradian brain rhythm [35]. Moreover,
activated Piezo2-initiated underlying hippocampal ultradian synchronizational axes are
suspected along the olfactory/prefrontal-hippocampal, muscle-brain, heart-brain, gut-
brain, eye-brain, ear—brain, vestibular-brain and lung-brain axes, where the hippocampus
is the temporary ultradian integratory hub, via hippocampal theta rhythm, not to mention
constructing the hippocampal ultradian clock [36]. These underlying Piezo2-initiated ultra-
dian axes are also theorized to be synchronized during rapid eye movement (REM) sleep via
hippocampal theta rhythms as part of the hippocampal learning and memory consolidation
process [4,36], as was shown earlier without implicating Piezo2 [34,35]. Correspondingly,
the current author proposes that an underlying Piezo2-initiated proton-signaled synchro-
nizational ultrafast ultradian medulla-hippocampal autonomic axis exists, in parallel to
the analogous ultradian heart-hippocampal axis [12], for the fine control of HR. This is also
in line with the aforementioned earlier research finding where medullary neuron firing and
hippocampal theta rhythm were transiently phase-locked [34]. Remarkably, the Human
Protein Atlas indeed shows Piezo2 content in the medulla (Figure 1).
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Figure 1. The novel ultrafast proton-based oscillatory synchronization mechanism to hippocampal
theta rhythm, constructing the ultradian backbone of the brain axes. The dark gray boxes denote the
COVID-19 infection-induced impairments and dysregulations.

The above-described COVID-19 infection-induced Piezo2 channelopathy not only
impairs underlying ultradian synchronizational hippocampal axes along the muscle-brain,
heart-brain, gut-brain, eye-brain, ear-brain, vestibular-brain and lung-brain axes de-
pending on COVID-19 viral infection and intracellular entry, but also impairs autonomic
regulation by impairing the Piezo2-Piezo2 crosstalk along the ultrafast ultradian heart-
hippocampal and medulla—hippocampal autonomic axes. Moreover, COVID-19 infection
initiates sleep disturbances [37]. The author of this manuscript suggests that these sleep
disturbances are primarily due to the impairment of Piezo2-initiated synchronization along
the aforementioned ultradian hippocampal axes, dysregulated REM sleep via hippocampal
theta rhythms, and resultant hippocampal ultradian clock disruption; therefore, the hip-
pocampal learning and memory consolidation process is also disturbed. Another important
consideration on the long-term trajectory of SARS-CoV-2 infection is the frequent olfac-
tory/prefrontal dysfunction-derived cognitive dysfunction, hyposmia and mental fatigue
as a consequence of severe SARS in long COVID cases [38].
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Finally, recent significant traumatic brain injury research shows the central role of
Piezo2 in the stress-related defensive arousal response (DAR) [39]. DAR is a critical survival
mechanism, turned on by perceived threat and evoked by visual and auditory inputs in
relation to motor abilities [39]. It has been suggested that DAR and the underlying Piezo2
function are analogous to the proposed underlying Piezo2-initiated ultrafast ultradian
hippocampal backbone of brain axes, including the proposed Piezo2-initiated medulla—
hippocampus one, synchronized to hippocampal theta rhythm [36]. Accordingly, the author
of this paper puts forward that acquired Piezo2 channelopathy impairs this ultrafast ultra-
dian synchronization to the hippocampus as an underlying backbone of the brain axes due
to SARS-CoV-2 infection, resulting in, e.g., autonomic dysregulation. This would explain
the central involvement of the hippocampus and the medulla due to SARS-CoV-2 infection,
as Fekete et al. demonstrated [1], and the findings of Pedemonte et al. that involved the
temporary synchronization of the heart rate, medulla firing and the hippocampal theta
rhythm under a homeostatic state [34], but not under SARS-CoV-2 infection.

5. Limitations

The author of this opinion piece explicitly highlights that the current paper is theoreti-
cal, reflects the opinion of the author, and is not yet validated experimentally from every
aspect. However, it aims to promote future angles of science and research in order to further
elucidate the not entirely known initiating pathophysiology of SARS-CoV-2 infection.

6. Conclusions

In summary, Piezo2 channelopathy should be considered as an underlying pathophys-
iology initiating primary damage, depending on COVID-19 viral infection and intracellular
entry. Therefore, Piezo2-containing cells of the airways of the olfactory bulb, lung, en-
terochromaffin cells, cornea, endothelial cells of the circulation, muscle spindles, and
entheseal compartments, not to mention certain brain areas, like the hippocampus and the
medulla, should be considered as the pathophysiology initiating “hot spot” sites in the case
of COVID-19 infection.
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Abbreviations

The following abbreviations are used in this manuscript:

ACE2 angiotensin-converting enzyme 2
ANLS astrocyte neurite lactate shuttle
ER endoplasmic reticulum

HS heparan sulfate

NVU neurovascular unit

OXPHOS oxidative phosphorylation

RBD receptor-binding domain

REM rapid eye movement

SERCA sarco/endoplasmic reticulum calcium ATPases



Cells 2025, 14,1182 80f9

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Fekete, R.; Simats, A.; Biro, E.; Posfai, B.; Cserep, C.; Schwarcz, A.D.; Szabadits, E.; Kornyei, Z.; Toth, K.; Ficho, E.; et al. Microglia
dysfunction, neurovascular inflammation and focal neuropathologies are linked to IL-1- and IL-6-related systemic inflammation
in COVID-19. Nat. Neurosci. 2025, 28, 558-576. [CrossRef]

Sonkodi, B. Delayed-Onset Muscle Soreness Begins with a Transient Neural Switch. Int. ]. Mol. Sci. 2025, 26, 2319. [CrossRef]
[PubMed]

Medvedev, Z.A. An attempt at a rational classification of theories of ageing. Biol. Rev. Camb. Philos. Soc. 1990, 65, 375-398.
[CrossRef]

Sonkodi, B. Acquired Piezo2 Channelopathy is One Principal Gateway to Pathophysiology. Front. Biosci. 2025, 30, 33389.
[CrossRef] [PubMed]

Zhang, X.; Liu, J.; Deng, X.; Bo, L. Understanding COVID-19-associated endothelial dysfunction: Role of PIEZOL1 as a potential
therapeutic target. Front. Immunol. 2024, 15, 1281263. [CrossRef]

Soung, A.L.; Vanderheiden, A.; Nordvig, A.S.; Sissoko, C.A.; Canoll, P.; Mariani, M.B.; Jiang, X.; Bricker, T.; Rosoklija, G.B.;
Arango, V.; et al. COVID-19 induces CNS cytokine expression and loss of hippocampal neurogenesis. Brain 2022, 145, 4193-4201.
[CrossRef]

Sonkodi, B.; Nagy, Z.; Keller-Pintér, A.; Klivényi, P.; Széll, M. Likely pathogenic variants of SDC3, KCNA2, KCNK1, KCNK16 and
HSF1 are in support of acquired irreversible PIEZO2 channelopathy in ALS onset. Res. Sq. 2025. preprint. [CrossRef]

Kearns, EL.; Sandoval, D.R.; Casalino, L.; Clausen, T.M.; Rosenfeld, M. A.; Spliid, C.B.; Amaro, R.E.; Esko, ].D. Spike-heparan
sulfate interactions in SARS-CoV-2 infection. Curr. Opin. Struct. Biol. 2022, 76, 102439. [CrossRef]

Kim, S.H.; Kearns, F.L.; Rosenfeld, M.A.; Votapka, L.; Casalino, L.; Papanikolas, M.; Amaro, R.E.; Freeman, R. SARS-CoV-2
evolved variants optimize binding to cellular glycocalyx. Cell Rep. Phys. Sci. 2023, 4, 101346. [CrossRef]

Nie, C.; Sahoo, A K,; Netz, R.R.; Herrmann, A.; Ballauff, M.; Haag, R. Charge Matters: Mutations in Omicron Variant Favor
Binding to Cells. Chembiochem 2022, 23, €202100681. [CrossRef]

Dér, A.; Kelemen, L.; Fabian, L.; Taneva, S.G.; Fodor, E.; P4ali, T.; Cupane, A.; Cacace, M.G.; Ramsden, J.J. Interfacial Water
Structure Controls Protein Conformation. J. Phys. Chem. B 2007, 111, 5344-5350. [CrossRef]

Langmar, G.; Stimegi, T.; Fulop, B.; Pozsgai, L.; Mocsai, T.; T6th, M.; Racz, L.; Kopper, B.; Dér, A.; Bizas, A.; et al. HRV Alterations
During Delayed-Onset Muscle Soreness Inducing Exercise—With Piezo2 Interpretation. Preprints 2025. [CrossRef]

Hudak, A.; Letoha, A.; Szilak, L.; Letoha, T. Contribution of Syndecans to the Cellular Entry of SARS-CoV-2. Int. J. Mol. Sci. 2021,
22,5336. [CrossRef]

Hudak, A.; Morgan, G.; Bacovsky, J.; Patai, R.; Polgar, T.F.; Letoha, A.; Pettko-Szandtner, A.; Vizler, C.; Szilak, L.; Letoha, T.
Biodistribution and Cellular Internalization of Inactivated SARS-CoV-2 in Wild-Type Mice. Int. |. Mol. Sci. 2022, 23, 7609.
[CrossRef]

Sonkodi, B. PIEZO2 Proton Affinity and Availability May Also Regulate Mechanical Pain Sensitivity, Drive Central Sensitization
and Neurodegeneration. Int. . Mol. Sci. 2025, 26, 1246. [CrossRef]

Sang, P.; Chen, Y.Q.; Liu, M.T,; Wang, Y.T; Yue, T,; Li, Y,; Yin, Y.R.; Yang, L.Q. Electrostatic Interactions Are the Primary
Determinant of the Binding Affinity of SARS-CoV-2 Spike RBD to ACE2: A Computational Case Study of Omicron Variants. Int.
J. Mol. Sci. 2022, 23, 4796. [CrossRef] [PubMed]

Verkhivker, G.; Agajanian, S.; Kassab, R.; Krishnan, K. Probing Mechanisms of Binding and Allostery in the SARS-CoV-2 Spike
Omicron Variant Complexes with the Host Receptor: Revealing Functional Roles of the Binding Hotspots in Mediating Epistatic
Effects and Communication with Allosteric Pockets. Int. |. Mol. Sci. 2022, 23, 1542. [CrossRef] [PubMed]

Agmon, N. The Grotthuss mechanism. Chem. Phys. Lett. 1995, 244, 456—-462. [CrossRef]

Berta, B.; Tordai, H.; Lukacs, G.L.; Papp, B.; Enyedi, A.; Padanyi, R.; Hegedus, T. SARS-CoV-2 envelope protein alters calcium
signaling via SERCA interactions. Sci. Rep. 2024, 14, 21200. [CrossRef] [PubMed]

Qin, L.; He, T,; Chen, S.; Yang, D.; Yi, W.; Cao, H.; Xiao, G. Roles of mechanosensitive channel Piezol/2 proteins in skeleton and
other tissues. Bone Res. 2021, 9, 44. [CrossRef]

Zhang, T.; Chi, S.; Jiang, F.; Zhao, Q.; Xiao, B. A protein interaction mechanism for suppressing the mechanosensitive Piezo
channels. Nat. Commun. 2017, 8, 1797. [CrossRef]

Szczot, M.; Nickolls, A.R.; Lam, R.M.; Chesler, A.T. The Form and Function of PIEZO2. Annu. Rev. Biochem. 2021, 90, 507-534.
[CrossRef]

Shin, H.J.; Lee, W.; Ku, K.B.; Yoon, G.Y.; Moon, H.W,; Kim, C.; Kim, M.H.; Yi, Y.S,; Jun, S.; Kim, B.T; et al. SARS-CoV-2 aberrantly
elevates mitochondrial bioenergetics to induce robust virus propagation. Signal Transduct. Target. Ther. 2024, 9, 125. [CrossRef]
Singer, D.; Camargo, S.M.; Ramadan, T.; Schafer, M.; Mariotta, L.; Herzog, B.; Huggel, K.; Wolfer, D.; Werner, S.; Penninger, ].M.;
et al. Defective intestinal amino acid absorption in Ace2 null mice. Am. J. Physiol. Gastrointest. Liver Physiol. 2012, 303, G686—-G695.
[CrossRef]


https://doi.org/10.1038/s41593-025-01871-z
https://doi.org/10.3390/ijms26052319
https://www.ncbi.nlm.nih.gov/pubmed/40076941
https://doi.org/10.1111/j.1469-185X.1990.tb01428.x
https://doi.org/10.31083/FBL33389
https://www.ncbi.nlm.nih.gov/pubmed/40464503
https://doi.org/10.3389/fimmu.2024.1281263
https://doi.org/10.1093/brain/awac270
https://doi.org/10.21203/rs.3.rs-5662995/v1
https://doi.org/10.1016/j.sbi.2022.102439
https://doi.org/10.1016/j.xcrp.2023.101346
https://doi.org/10.1002/cbic.202100681
https://doi.org/10.1021/jp066206p
https://doi.org/10.20944/preprints202506.1739.v3
https://doi.org/10.3390/ijms22105336
https://doi.org/10.3390/ijms23147609
https://doi.org/10.3390/ijms26031246
https://doi.org/10.3390/ijms232314796
https://www.ncbi.nlm.nih.gov/pubmed/36499120
https://doi.org/10.3390/ijms231911542
https://www.ncbi.nlm.nih.gov/pubmed/36232845
https://doi.org/10.1016/0009-2614(95)00905-J
https://doi.org/10.1038/s41598-024-71144-5
https://www.ncbi.nlm.nih.gov/pubmed/39261533
https://doi.org/10.1038/s41413-021-00168-8
https://doi.org/10.1038/s41467-017-01712-z
https://doi.org/10.1146/annurev-biochem-081720-023244
https://doi.org/10.1038/s41392-024-01836-x
https://doi.org/10.1152/ajpgi.00140.2012

Cells 2025, 14,1182 90f9

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

Greene, K.S.; Choi, A.; Yang, N.; Chen, M.; Li, R.; Qiu, Y.; Ezzatpour, S.; Rojas, K.S.; Shen, J.; Wilson, K.F,; et al. Glutamine
metabolism is essential for coronavirus replication in host cells and in mice. J. Biol. Chem. 2025, 301, 108063. [CrossRef]
Durante, W. Glutamine Deficiency Promotes Immune and Endothelial Cell Dysfunction in COVID-19. Int. ]. Mol. Sci. 2023,
24,7593. [CrossRef] [PubMed]

Xu, J.; Sriramula, S.; Lazartigues, E. Excessive Glutamate Stimulation Impairs ACE2 Activity Through ADAM17-Mediated
Shedding in Cultured Cortical Neurons. Cell. Mol. Neurobiol. 2018, 38, 1235-1243. [CrossRef]

Sonkodi, B. Proton-Mediated PIEZO2 Channelopathy: Linking Oxaliplatin Treatment to Impaired Proprioception and Cognitive
Deficits. Cancers 2024, 16, 3898. [CrossRef] [PubMed]

Guarnieri, ].W.,; Haltom, J.A.; Albrecht, Y.E.S,; Lie, T.; Olali, A.Z.; Widjaja, G.A.; Ranshing, S.S.; Angelin, A.; Murdock, D.; Wallace,
D.C. SARS-CoV-2 mitochondrial metabolic and epigenomic reprogramming in COVID-19. Pharmacol. Res. 2024, 204, 107170.
[CrossRef] [PubMed]

Malko, P; Jia, X.; Wood, I; Jiang, L.H. Piezol channel-mediated Ca?* signaling inhibits lipopolysaccharide-induced activation of
the NF-kappaB inflammatory signaling pathway and generation of TNF-alpha and IL-6 in microglial cells. Glia 2023, 71, 848-865.
[CrossRef]

Sonkodi, B. Delayed Onset Muscle Soreness and Critical Neural Microdamage-Derived Neuroinflammation. Biomolecules 2022,
12,1207. [CrossRef] [PubMed]

Sonkodi, B. Only activated macrophages excite muscle spindles with glutamate to bolster locomotion. OSF Prepr. 2025. [CrossRef]
Chi, S.; Cui, Y,; Wang, H.; Jiang, J.; Zhang, T.; Sun, S.; Zhou, Z.; Zhong, Y.; Xiao, B. Astrocytic Piezol-mediated mechanotransduc-
tion determines adult neurogenesis and cognitive functions. Neuron 2022, 110, 2984-2999.e8. [CrossRef]

Pedemonte, M.; Goldstein-Daruech, N.; Velluti, R.A. Temporal correlations between heart rate, medullary units and hippocampal
theta rhythm in anesthetized, sleeping and awake guinea pigs. Auton. Neurosci. 2003, 107, 99-104. [CrossRef] [PubMed]
Pedemonte, M.; Velluti, R.A. Sensory processing could be temporally organized by ultradian brain rhythms. Rev. Neurol. 2005, 40,
166-172. [CrossRef]

Sonkodi, B. It Is Time to Consider the Lost Battle of Microdamaged Piezo2 in the Context of E. coli and Early-Onset Colorectal
Cancer. Int. J. Mol. Sci. 2025, 26, 7160. [CrossRef]

Tedjasukmana, R.; Budikayanti, A.; Islamiyah, W.R.; Witjaksono, A.; Hakim, M. Sleep disturbance in post COVID-19 conditions:
Prevalence and quality of life. Front. Neurol. 2022, 13, 1095606. [CrossRef]

Clemente, L.; La Rocca, M.; Quaranta, N.; lannuzzi, L.; Vecchio, E.; Brunetti, A.; Gentile, E.; Dibattista, M.; Lobasso, S.; Bevilacqua,
V.; et al. Prefrontal dysfunction in post-COVID-19 hyposmia: An EEG/{NIRS study. Front. Hum. Neurosci. 2023, 17, 1240831.
[CrossRef]

Zhang, Q.; Ma, H.; Huo, L.; Wang, S.; Yang, Q.; Ye, Z.; Cao, J.; Wu, S.; Ma, C.; Shang, C. Neural mechanism of trigeminal nerve
stimulation recovering defensive arousal responses in traumatic brain injury. Theranostics 2025, 15, 2315-2337. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.jbc.2024.108063
https://doi.org/10.3390/ijms24087593
https://www.ncbi.nlm.nih.gov/pubmed/37108759
https://doi.org/10.1007/s10571-018-0591-8
https://doi.org/10.3390/cancers16233898
https://www.ncbi.nlm.nih.gov/pubmed/39682086
https://doi.org/10.1016/j.phrs.2024.107170
https://www.ncbi.nlm.nih.gov/pubmed/38614374
https://doi.org/10.1002/glia.24311
https://doi.org/10.3390/biom12091207
https://www.ncbi.nlm.nih.gov/pubmed/36139045
https://doi.org/10.31219/osf.io/2vge7_v1
https://doi.org/10.1016/j.neuron.2022.07.010
https://doi.org/10.1016/S1566-0702(03)00132-2
https://www.ncbi.nlm.nih.gov/pubmed/12963420
https://doi.org/10.33588/rn.4003.2005003
https://doi.org/10.3390/ijms26157160
https://doi.org/10.3389/fneur.2022.1095606
https://doi.org/10.3389/fnhum.2023.1240831
https://doi.org/10.7150/thno.106323

	Introduction 
	Proton Affinity Switch 
	Pro-Inflammatory Switch 
	Hippocampus and the Medulla 
	Limitations 
	Conclusions 
	References

