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Perspective

Acid-sensing ion channel 1a: a novel
target in Alzheimer’s disease?

Dalila Mango*, Robert Nistico

Alzheimer’s disease (AD) represents the most
common form of dementia and is characterized
by a progressive decline of cognitive functions.
Complex multifactorial processes underlie AD
pathophysiology, including amyloid-beta (AB)
toxicity, tau protein hyperphosphorylation,
synaptic dysfunction, oxidative stress, and
neuroinflammation (Ju and Tam, 2022).

The amyloid cascade hypothesis remains the most
popular theory to explain AD pathogenesis, even
though it is still largely debated. The accumulation
of AR oligomers promotes several stress responses
in neurons among which dysregulation of Ca**
homeostasis, activation of the endoplasmic
reticulum stress (ERS) and mitochondria
permeability play a critical role (Selkoe and Hardy,
2016).

Endoplasmic reticulum (ER) and mitochondria
are vital organelles highly interconnected by a
specialized set of proteins. The ER represents the
major calcium storage pool, while mitochondria is
responsible for energy production within the cell
and plays a major role in buffering Ca®* from the
ER (Eysert et al., 2020). As a consequence of this
interplay, ER and mitochondria reciprocally impact
each other both in normal and pathologic states.

Indeed, both ERS activation and mitochondrial
dysfunction contribute to AD progression and
irreversible neuronal death (Esteras et al., 2020).
Prolonged ERS induces the release of apoptotic
factors and these were found elevated in the
hippocampus of AD patients and also in an AD
mouse model (Ismael et al., 2021).

In the past years, the investigation of acid
sensing ion channels 1a (ASICla) as pH sensors
in the brain highlighted a crucial role of these
channels in several pathologic processes, such
as ischemia, acidosis, neuroinflammation, and
neurodegeneration, thereby suggesting a possible
involvement also in AD (Mango and Nistico, 2021).
ASICla represents a key target for ischemia-
induced neuronal damage since it provides a non-
voltage-gated pathway for Ca®* entry in neurons
(Xiong et al., 2004; Yermolaieva et al., 2004).
Using a neuroblastoma cell line, a recent study has
demonstrated the implication of ASICla in ERS-
mediated apoptosis (Pan et al., 2021), a process
also observed in the hippocampus of AD patients
(Ismael et al., 2021). Another study suggests a role
of ASIC1a in mitochondrial Ca** dysregulation in
response to inflammatory stimuli (Liu et al., 2018).
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These pieces of evidence support the hypothesis
that ASIC1la might represent a new target against
ERS activation and mitochondrial permeability
alteration that occurs in AD.

In particular, the work conducted by Pan et al.
(2021) has demonstrated that ASIC1a is involved
in ERS-mediated apoptosis. Silencing ASICla
or inhibiting these channels with the selective
inhibitor Psalmotoxin-1 (PcTx-1) was able to reduce
the apoptosis induced by the ERS pathway (Pan et
al. 2021). This investigation has demonstrated for
the first time that ASIC1a plays a permissive role in
ERs-mediated apoptosis, thus suggesting ASICla
as a novel target to afford neuroprotection.

Since ASICla is present in the mitochondrial
membrane of neurons where it regulates ROS
production (Wang et al., 2013), a recent study
shed light on the function of ASICla protein in
mitochondrial membranes permeability during
acidosis (Liu et al., 2018). In particular, Liu et al.
(2018) have shown that AB oligomers induced
pH mitochondria acidification and Ca*" overload
resulting in neuronal death. Of note, PcTx-1
was able to significantly increase the viability of
neurons exposed to oxidative stress or aggregated
AB while it showed only a tendency to protect
neurons from Ca’* overload and mitochondria
acidification. A limitation of this study is that PcTx-
1 was used at a high concentration (200 nM)
possibly leading to off-target effects.

Altogether, the above pieces of evidence linking
ASICla to ERS and mitochondria dysfunction
corroborate the hypothesis that the targeting of
ASICla might be a viable treatment approach for
AD (Figure 1).

Noteworthy, berberine, an alkaloid extracted
from a variety of herbs, was able to alleviate ERS
and oxidative stress and ameliorated cognitive
impairment in the AD mouse model (Liang
et al., 2021), further confirming that the ERS
pathway may represent a potential target in the
neurodegenerative process. However, several
compounds that target ERS-regulated proteins
might also affect their basal physiologic activity
hence leading to side effects.

Yet, not many studies have investigated the role
of ASICla in AD, so more evidence is needed
to support this hypothesis. A crucial challenge
will be to develop potent and selective blockers
for the individual ASIC subunits involved in the
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AB-mediated neuronal death.
In AD, pathological triggers
including AB-induced

cytosolic pH acidification,
activation of ER stress, and
mitochondria acidification
leading to neuronal death.
These changes are reversed by
the selective ASIC1a inhibitor
PcTx-1, thereby suggesting
that blocking ASIC1a might

be a viable approach to AD
therapy. AB: Amyloid-beta; AD:
Alzheimer’s disease; ASICla:
acid sensing ion channels 1a;
ER: endoplasmic reticulum;
mt: mitochondrial; PcTx-1:
psalmotoxin-1; ROS: reactive
oxygen species.
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pathologic process, while minimizing their impact
on physiologic activities.
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