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Abstract
Ischemic stroke contributes to the majority of brain injuries and remains to be a leading cause of
death and long-term disability. Despite the devastating pathology and high incidence of disease,
there remain only few treatment options (tPA and endovascular procedures), which may be
hampered by time dependent administration among a variety of other factors. Promising research
of glutamate receptor antagonists has been unsuccessful in clinical trial. But, the mechanism by
which glutamate receptors initiate injury by excessive calcium overload has spurred investigation
of new and potentially successful candidates for stroke therapy. Acid sensing ion channels
(ASICs) may contribute to poor stroke prognosis due to localized drop in brain pH, resulting in
excessive calcium overload, independent of glutamate activation. Accumulating studies targeting
ASICs have underscored the importance of understanding inhibition, regulation, desensitization
and trafficking of this channel and its role in disease. This review will discuss potential directions
in translational ASIC research for future stroke therapies.
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Introduction
Advances in neuroscience research over the last several decades have increased our
understanding of the ischemic brain injury, by elucidating complex vascular, cellular and
molecular interactions which occur during stroke. Neuroprotection and identification of new
therapeutic options have been a main focus of strategies for curbing brain injury. It has long
been established that ion channels play a prominent role in brain injury during stroke.
Particularly, the cause of neuronal injury by excessive postsynaptic activation of glutamate
receptors, termed excitotoxcity, has been speculated to be a major cause of neuronal injury.
The failure of clinical trials with the antagonists of these receptors, however, has indicated
the glutamate-independent mechanism(s) of neuronal injury [16]. In this regard, acid sensing
ion channels (ASICs) have been the subject of increasing interest due to their direct
relationship with acidosis related neuronal injury and are considered a promising new target
for therapeutic intervention of stroke.
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To achieve clinical success when translating basic science research to the bedside, selection
of a clinically relevant therapeutic target is necessary. Recent translational research and
clinical trials involving glutamate antagonists and other agents have thus far been
disappointing owing to inadequate margins of safety or failure to show efficacy, etc. [16].
However, ASICs have emerged as an exciting new target. In addition to developing new and
specific small molecule inhibitors, ASIC translational studies may focus on key areas
pertaining to its physiology such as structure-function relationships, kinetics and gating, and
systemic investigation of ASIC modulators. Here we will discuss the potential directions in
translational ASIC research covering ASIC inhibition, regulation, desensitization and
trafficking.

Acid Sensing Ion Channels - ASICs
ASICs are proton (H+) gated channels that belong to the Degenerin/Epithelial Sodium
Channel superfamily. There are four genes (ASIC1–4) in mammals that encode six distinct
subunits ASIC1a, ASIC1b, ASIC2a, ASIC2b, ASIC3 and ASIC4 [1, 6, 8, 13, 20, 28, 33, 36,
49, 61, 78, 79]. Recently resolved crystal structure from chicken, Gallus galllus, shows that
ASIC subunits assemble as trimers to form functional channels which can be homomeric,
consisting of identical subunits, or heteromeric, consisting of different subunits [32, 37].
ASIC1a homomers, which are ubiquitously expressed in the nervous system, respond to low
pH by mediating a fast and transient inward current with a threshold pH of ~7.0, and the pH
for half maximal activation (pH0.5) at ~6.2 [79]. During ischemic stroke, hypoxia induces
increased anaerobic glycolysis which leads to lactic acid accumulation thereby decreasing
tissue pH. A pH of 6.5 can be achieved during normoglycemic conditions while
hyperglycemic conditions decrease pH even further to 6.0 [3, 4, 29, 31]. These pH
deviations are sufficient to activate homomeric ASIC1a as well as other ASIC1a containing
channels expressed in the brain. ASICs, specifically ASIC1a, have been implicated in
pathological conditions such as ischemic brain where activation of ASICs causes acidosis-
mediated glutamate-independent neuronal injury [27, 57, 84, 85]. Further, during oxygen
glucose deprivation (OGD) several striking functional ASIC1a changes occur: a moderate
increase in current amplitude is observed and a decrease in ASIC desensitization [84]. These
effects, in combination, potentiate toxic Ca2+ loading and suggest the possibility of chronic
activation during ischemic conditions. Likewise concurrent activation of other molecules,
such as Ca2+/ calmodulin kinase II, coupled with activation by N-methyl-D-aspartate
(NMDA) receptors, subsequently enhances ASIC1a mediated neuronal death [27]. Thus,
ASICs represent novel therapeutic targets for stroke intervention. Current translational
stroke research may focus on approaches that limit the activity and expression of these
channels.

ASIC Desensitization
The detailed molecular mechanisms that promote opening and closing events of ASICs are
not well defined. However, we do know some basic properties of ASICs. At neutral pH,
ASICs are closed and do not permeate ions. From this resting state they transition to an
open, conducting, state when pH decreases below the threshold of activation. While open,
their apparent residency time is dependent on proton affinity and subunit composition of the
channel complex [9, 40]. As for ASIC1a, after an initial drop in pH activating the channel,
the channel becomes desensitized and unresponsive to extracellular protons. In addition to
rapid desensitization, one interesting phenomenon associated with ASIC1a is the display of
significant rundown, or tachyphylaxis, where ever-smaller current amplitudes, even though
the time interval between individual activation is sufficient for recovery, are observed with
repeated doses of acid [15]. Another phenomenon, steady-state desensitization of ASICs, is
induced when the channels are exposed to mild decreases in pH that are not sufficient for
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channel activation [5]. Agents that cause or promote desensitization of ASICs could possibly
be an area of focus for future translational studies.

Knowledge of ASIC kinetics have been advanced by combining crystal structure
information with molecular techniques [32]. So far there has been several studies which
describe the crystallized protein visualized in the desensitized state, the low pH state, and
with the inhibitor PcTX1 bound to ASIC1a [19, 32, 37]. However, there is not yet available
structural information outlining the closed stated of the protein. With discovery of the
crystal structure, it was found that three Cl− ions bind the extracellular loop. Cl− ion-
exchange experiments have also proven impactful in elucidating ASIC kinetics. Replacing
Cl− ions with impermeable anion, methanesulfonate (MeSO3

−), has no overwhelming effect
but causes ASIC1a to desensitize faster [44]. Increasing concentrations of Cl− are able to
modulate the desensitization kinetics of ASIC1a in a concentration dependent manner [44].

ASIC1a and ASIC2 overlap in brain expression [2, 7, 66]. Desensitization kinetics is altered
when ASIC1a subunits are combined with other subunits such as ASIC2b. When ASIC1a/2b
heteromers are formed, the pH dependence of steady-state desensitization shifts to more
alkaline pH (7.28 for ASIC1a/2b versus 7.18 for ASIC1a homomers) [66]. This shift in pH
of desensitization results in a decrease of ASIC activity following only slight decreases in
baseline pH; this decrease may be neuroprotective in neurons or regions expressing a higher
amount of ASIC1a/2b heteromers. Importantly, activation of heteromeric ASIC1a/2b may
also lead to intracellular Ca2+ overload and cell death [66], which was previously thought to
be mediated only by homomeric ASIC1a. Recently, two desensitization states have been
discovered in human ASIC1a channels, a short- and a long-lasting state [5, 48]. One form of
desensitization is prevented by high frequency stimulation somewhat modeling usage
dependent stimulation [48]. The duration of stimulation also determines desensitization
properties. However, long term and repetitive stimulation induces gradual and irreversible
loss of channel activity [48]. Human ASIC1a, having only eight residues different from
chicken, displays many of the desensitization properties of mouse, rat and chicken ASIC1a
[48]. The replacement of transmembrane domain 1 (TM1) of hASIC1a had the largest effect
on the desensitization of currents in comparison to individual amino acid mutations [48].

Conversely, there are endogenous agents which can limit ASIC desensitization. Recently
found, RFamide-related neuropeptides potentiate ASIC1a activity by preventing steady-state
desensitization, an effect in opposition to the action of PcTx1 [67]. RF-amides represent a
small family of neuropeptides that contain a C-terminal arginine-phenylalanine-amide
consensus. The synthetic peptide FRRFamide, along with dynorphin opioid peptides, also
prevents steady-state desensitization of mouse ASIC1a [68]. Dynorphins are among the
most basic neuropeptides and are abundantly expressed in the central nervous system,
including locations with high levels of ASIC1a implicated in regions affected by ischemic
stroke [34]. Localized accumulation of dynorphin in regions affected by ischemic stroke is
suggested to be the cause of increased neuronal damage due to increased ASIC activation
and subsequent Ca2+ accumulation [68]. There remains a possibility that other endogenous
peptides may exist which promote ASIC1a steady-state desensitization. New
pharmacological agents that promote the desensitization of ASIC1a and ASIC1a/2b
channels are thus expected to have significant therapeutic potential.

ASIC Inhibition
Non-specific Inhibitors- Amiloride

ASIC inhibition has been extensively studied in regard to neuroprotection (Figure 1). ASICs
are inhibited by amiloride, an important pharmacological tool for studying all known
members of the epithelial sodium channel/degenerin family of ion channels. It inhibits all
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subunit combinations of ASICs (with the exception of the sustained portion of ASIC3
current). As such, it is classified as a non-specific inhibitor of ASICs. Amiloride is effective
at micromolar concentrations and inhibits ASICs in a concentration-dependent manner.
Pharmacologic studies have found that ASIC1a has an IC50 for amiloride inhibition around
10 – 20 μM. When used in conjunction with other pharmacological or molecular biological
tools, identification of physiologic and pathologic functions of ASICs can be assessed. One
potential area of amiloride use is that of neuroprotection in stroke treatment.
Intracerebroventricular injection of amiloride in mice before transient middle cerebral artery
occlusion significantly decreases ischemic damage, presumably, due to the wide spread
inhibition of ASIC channels [84].

Nonsteroid anti-inflammatory drugs
Like amiloride, nonsteroid anti-inflammatory drugs (NSAIDs) are non-specific inhibitors of
ASICs [75]. NSAIDs block some H+-gated channels [76]. Aspirin, in combination with
Clopidogrel, is used as a preventative therapy for stroke [73]. The effect is likely due to the
inhibition of clot formation in blood, however, a recent study has suggested that high dose of
aspirin inhibits acid-induced neuronal injury mediated by ASICs [80]. Other NSAIDs such
as Ibuprofen and flurbiprofen are active against ASIC1a channels [23, 76]. Another drug,
Diclofenac, also inhibits ASIC1a homomers and ASIC1a containing heteromeric channels.
A key consideration for the use of anti-inflammatory drugs in neuroprotection and stroke is
that inflammation increases ASIC expression [76]. Perhaps the use of NSAIDs or other anti-
inflammatory drugs will limit ASIC1a expression and thereby decrease ASIC mediated-
neuronal injury.

Tetraethylammonium and Barium
Other non-specific molecules, the nonselective potassium channel blockers
tetraethylammonium (TEA) and BaCl2 (barium), also inhibit ASICs. Recently, these agents
were used to distinguish between ASIC1a homomers and ASIC1a/2b heteromeric channels
[66]. Importantly, this study determined that ASIC1a/2b heteromeric channels, like
homomeric ASIC1a, are also permeable to Ca2+ thus implicating this channel in acidosis-
mediated neuronal injury and neuronal death [66]. It was found that ASIC1a was unaffected
by 10 mM TEA or barium but ASIC1a/2b heteromeric channels were inhibited by TEA;
barium caused more appreciable decrease in the activity of ASIC1a/2b heteromeric channels
[66]. TEA has not yet been evaluated for neuroprotective or therapeutic benefit in ischemic
stroke. Barium is toxic and therefore is not suitable for animal or human studies.

Zinc
Abnormal zinc homeostasis has been shown to be involved in pathological conditions [10,
65]. Insults that result from traumatic brain injury, brain ischemia and epilepsy, for example,
contribute to excessive Zn2+ levels [10, 41, 72]. While others [53] have found that there are
significantly lower levels of serum zinc in the blood of stroke patients and that the low level
of extracellular zinc may be a risk factor for stroke [53]. Zinc inhibits homomeric ASIC1a
and heteromeric ASIC1a/2a with nanomolar affinity [18]. Therefore, high levels of zinc
released during pathological conditions may limit ASIC activation. Animal models have
shown that zinc injection attenuates hyperalgesia and reduced neuronal overexcitation [45].
Perhaps therapeutics aimed at limiting zinc reuptake from synaptic terminals, while
inhibiting intracellular zinc toxic pathways [72], may enhance neuroprotection during
ischemic stroke.
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Subunit-Specific Inhibitors - Psalmotoxin 1
Specific inhibition of ASICs can be achieved by the use of subunit specific antagonist.
Psalmotoxin 1 (PcTx1), isolated from the venom of South American tarantulas
(Psalmopoeus cambridgei), is a specific inhibitor for ASIC1a homomeric channels. It has
been recently suggested that this compound also inhibits ASIC1a/2b configuration [66].
PcTX1 is a potent inhibitor of ASIC1a with an IC50 of approximately 0.9 nM. Though not a
“classical” inhibitor, it functions as a gating modifier inhibiting ASIC1a and ASIC1a/2b
channels by shifting the pH dependence of the steady-state desensitization to more alkaline
pHs such that the channels desensitize at basal pH 7.4 [14]. In neurons, PcTX1 prevents
calcium overload initiated by ASIC1a channels and also limits neuronal firing. Translational
animal studies have shown that intracerebroventricular injection of PcTX1, up to five hours
post ischemia, significantly reduces MCAO mediated brain injury [57]. However,
intracerebroventricular delivery of the peptide is not within clinical guidelines and the
efficacy of intravenous injections needs to be rigorously evaluated in animals. Interestingly,
intranasal injections have proven to be successful. Combination therapy with N-methyl-D-
aspartate receptor agonists, like memantine, enhances the neuroprotective effect of PcTX1
[57].

ASIC Regulation
There may be other translational strategies by which targeting ASICs may lead to the
attenuation of brain injury. The novel targets below attest that regulatory mechanisms may
contribute significantly to ASIC down regulation and would be advantageous for therapeutic
development (Figure 2). The readers may find additional information on ASIC regulators
and/or modulators elsewhere [17].

Calcineurin
Calcineurin is a ubiquitous enzyme that is present at high levels in the brain [42].
Calcineurin has been shown to interact and regulate the activity of ASIC1a and ASIC2a
[12]. Inhibition of calcineurin with Cyclosporin A, for example, causes an increase in ASIC
current suggesting that calcineurin-dependent dephosphorylation is involved in deactivating
ASICs [12]. Thus, calcinurin and perhaps other molecules involved in phosphorylation/
dephosphorylation might be future targets for stroke research.

Tissue Kallikrein
Tissue Kallikreins (TK) are serine proteases, which free bradykinin (BK) and kallidin from
kininogens by activating Bradykinin B2 receptors[35]. Previous studies have demonstrated
extracellular and intracellular proteases' abilities to either activate or inactivate ENaC [30,
46, 74]. Similarly, serine proteases such as trypsin, chymotrypsin and proteinase K have
been shown to modulate the activity of ASIC1a [58], through channel cleavage [77]. A
recent study has shown that TK activity can be inducible during cerebral ischemia and
protects cortical neurons from acidosis-related neuronal injury [50]. This neuroprotection
may be mediated by ASICs. In ASIC1a-transfected cells, high concentrations of TK (3 μM)
show a significant decrease in acidosis-induced LDH release and improvements in cell
viability [71]. Aprotinin, a protease inhibitor, can eliminate the effects of TK on LDH
release in ASIC1a-transfected-cells, indicating that proteolytic activity of TK is prerequisite
for the regulation of ASIC1a [71]. It would be interesting to know whether exogenous
administration of serine proteases such as TK could have neuroprotective effects during
cerebral ischemia in whole animals.
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p11
p11, is a member of the S100 calcium binding protein family and it exhibits two EF-hand
Ca2+ binding sites [22]. S100 are involved in many cellular processes such as calcium
homeostasis, phosphorylation, transcription factor regulation, inflammatory response, cAMP
signaling, cytoskeletal dynamics, and cell proliferation and differentiation [86]. p11 is
expressed in nerve tissues expressing ASIC1a. It has no enzymatic activities [86] and does
not require calcium-dependent dimerization to become active [62]. Two mutations in the
EF-hands makes p11 active [62]. Yeast two-hybrid assay indicates an interaction between
p11 and ASIC1a, which is specific to this subunit [22]. p11 is reported to have a role in the
trafficking of ion channels [22]. For example, p11 interacts with Nav1.8, TASK-1, TRPV5,
and TRPV6 and regulate their plasma membrane expression. Similarly, p11 promotes
plasma membrane expression of ASIC1a. In the presence of p11, the intensity of plasma
membrane fluorescence corresponding with ASIC1a increases as well as ASIC1a-FLAG
protein located at the cell surface [22]. p11 alters ASIC1a current density while activation
and desensitization remain unchanged [22]. The interaction between p11 and ASIC1a could
be a potential therapeutic target for cerebral ischemia.

α-Actinins
α-Actinins assemble membrane proteins and signaling molecules into macromolecules
complexes and attach membrane proteins to the actin cytoskeleton [54]. α-Actinins are
encoded by four genes: α-actinin-1, α-actinin-2,α-actinin-3, and α-actinin-4 isoforms [54].
α-Actinins- 1, -2, and -4 are located in dendritic spines, primarily at the postsynaptic
membrane [83]. α–Actinins can regulate membrane trafficking and the functions of cation
channels such as L-type calcium channels, potassium channels and TRP channels [47, 52,
63]. In neuronal synapses, α-actinin plays a role in the localization and inactivation of N-
methyl-D-aspartate receptor for glutamate [54].

A recent study has shown that α-actinin also binds to ASIC1a and modulates the channel
function [64]. α-actinin binding motif is located in the C-terminus of ASIC1a and lies in the
cytosolic portion of the subunit, allowing accessibility to other cytoskeleton proteins [64]. α-
actinin binding sites are only present in ASIC1 but not in other ASIC isoforms. ASIC1a
interacts with α-actinin-1 and α-actinin-4 [64]. α-actinin-4 does not affect cell surface
expression of ASIC1a but reduces ASIC1a current density and increases the pH sensitivity
[64]. It was not clear whether the reduction in current density is due to increased steady-state
desensitization. In CHO cells, co-expression of α-actinin-4 with ASIC1a accelerates the
recovery of the channel from desensitization. On the contrary, rod-actinin, a dominant
negative construct produces opposite effects such as increased ASIC1a current and
decreased pH sensitivity [64]. The association between α-actinin and ASIC1a could have
implications in neuronal injury during cerebral ischemia.

AKAP79/150
A-Kinase Anchoring Proteins (AKAPs) are a family of intracellular scaffolding proteins that
tether cAMP-dependent protein kinase A (PKA) to cellular membranes and organelles and
orchestrate signaling and other second-messenger mediated processes [51, 82]. Chai and
colleagues reported that the N or C terminus of these channels is also involved in the
regulation of function or surface expression of ASICs [12]. They were able to show that
AKAP79/150 interacts with ASIC1a and ASIC2a as well as being co-localized to dendrites.
When the AKAP79/150 is disrupted with Ht-31 inhibitor peptide it significantly limits ASIC
current [12]. Thus, targeting the interaction of AKAP79/150 and ASIC1a could be a
potential therapeutic strategy for stroke.
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Genetic Modification
Genetic manipulations have been useful in studying the function of ASICs. Targeted
disruption of ASIC subunits in vivo [9, 26, 39, 43, 84] has allowed for the observation of
changes in acid-evoked currents in various CNS/PNS neurons and the impact on the
pathological outcomes yielding insight to the functions of the specific subunit. In a mouse
model of multiple sclerosis, Friese and colleagues observed a decrease in clinical deficit in
ASIC1a−/− mice associated with reduced axonal degeneration in comparison with WT mice
[26]. In a transient focal ischemia model, in which the middle cerebral artery was occluded,
targeted disruption of ASIC1a−/− provided significant neuroprotection with incremental
decreases in infarct volume seen in ASIC1a+/− and ASIC1a−/− animals [84]. Others have
utilized KO animals in conjunction with pharmacologic tools to evaluate the composition
and physiology of ASICs in specific brain regions, such as the hippocampus [66].
Additionally, RNA interference (RNAi) has been used to silence ASIC gene expression
through short hairpin RNA (shRNA) or small interfering RNA (siRNA) [21, 66]. Likewise,
transfection and overexpression of specific ASIC subunit using expression systems have
also proven to be helpful [9]. The recently resolved crystal structure of ASIC1a has given
insight to the structural topology of the protein and more importantly has led to
identification of key residues which contribute to alteration of channel gating and kinetics.
Thus, mutations of specific residues and chimeras have enabled detailed investigation of
ASIC function and regulation. In addition to targeting ASIC directly, acidosis-induced
neurotoxicity has been investigated by siRNA targeted to other regulatory proteins, e.g.
adaptor protein 2, a membrane protein that interacts with clathrin and promotes endocytosis
of ASIC1a [87].

ASIC Trafficking
Constitutive Endocytosis

Clathrin-mediated endocytosis is a process by which specific cargoes (such as ion channels)
are internalized from the plasma membrane into clathrin-coated vesicles [70]. Membrane
protein trafficking pathways generally originate from the endoplasmic reticulum (ER) and,
via the Golgi, are either antero-trafficked, towards the cell membrane, or retrograde
trafficked back to the ER. The process itself can be branched, rapidly or slowly carried out
and even bidirectional. Endocytosis is an important factor in cell surface expression for
several receptors and ion channels. Within individual neurons, the subcellular distribution of
ASIC1a and ASIC2a is preferentially located to the postsynaptic membrane at terminal and
also has somatodendritic localization [25]. Trafficking of ASIC1a to the plasma membrane
increases the density of dendritic spines, whereas other ASIC subtypes did not see similar
increases [86]. Antero-trafficking of ASIC1a is critical for acidosis mediated injury
especially when increased dendritic levels prevail, leading to spine loss [38]. Thus,
membrane trafficking process is fundamental to cellular homeostasis. Alteration of this
process may be implicated in ASIC mediated pathology.

AP2α2/β1
ASIC1a is usually localized to the ER in neurons and Chinese Hamster Ovarian cells (CHO)
cells and is regulated by ER retention mechanisms that preserve a reservoir for surface
delivery of ASIC1a [11]. ASIC1a undergoes constitutive endocytosis in CHO cells and
cultured cortical neurons. GST pull-down based mass spectroscopy identified adaptor
protein 2 as interacting protein that might be regulating ASIC1a function [86]. Adaptor
protein 2 is a heterotetrametric clathrin adaptor that is associated with coated pits at the
plasma membrane [69]. AP2 binds to the cytoplasmic domains of receptors and attaches
membrane proteins to clathrin, promoting assembly of coated pits. The identification of
AP2α2 and AP2β1 proteins that binds to ASIC1a c-terminus indicates that ASIC1a
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undergoes endocytosis via clathrin-dependent pathway and supports findings that
endocytosis of ENaC is clathrin-dependent [81].

Dynamin/Dynasore
Dynamin works in vesicle scission reactions and aids in the detachment of clathrin-coated
pits [59]. ASIC1a endocytosis is driven by clathrin-mediated and dynamin dependent
processes in which the binding of AP2 to the c-terminus of ASIC1a imitates removal of the
protein from the membrane [86]. Dynasore, a dynamin inhibitor, blocks ASIC1a endocytosis
and increases surface retention of ASIC1a shows that ASIC1a is internalized via dynamin-
dependent pathway [86]. The reduction of clathrin-dependent endocytosis of ASIC1a during
neurodegeneration could lead to severe acidosis-induced neuronal injury [86]. This was
demonstrated by the finding that dynasore pretreatment resulted in an significant increase of
acidosis-induced cell damages [86]. Thus, enhancing dynamin-mediated endocytosis of
ASIC1a channels could provide protection to neurons during acidosis while retention of
ASIC1a protein during acidosis is expected to enhance acidosis-induced neuronal injury.

Trafficking Inhibition
Inhibition of ER transport proteins may be a potential mechanism by which ASIC surface
expression is limited. Brefeldin A, an inhibitor of protein trafficking, prevents the surface
accumulation of ASIC1a thus suggesting that ASIC1a is trafficked from the ER to the cell
surface [11]. As anticipated, increased ASIC1a surface trafficking potentiates acidosis-
induced neuronal death [86]. It has been shown that forward trafficking of ASIC1a to the
cell membrane is enhanced by BNDF in central nervous system neurons [24]. Blocking
related downstream pathways like, TrKB and PI3 kinase, abolishes the enhancing effect of
BDNF recruitment of ASIC1a to the cell surface [24]. Therefore, blocking BDNF or its
downstream pathways may reduce ASIC1a-mediated injury. Conversely, enhancing
endocytosis of ASIC1a would also limit acidosis mediated cellular injury. In contrast,
inhibition of ASIC1a internalization by Tyr A23, a small molecular inhibitor of clathrin-
dependent endocytosis, perpetuates neuronal injury [86]. Perhaps it is possible to target
more ER related trafficking mechanisms to prevent acidosis mediated cell injury.

Insulin
ASICs have already been known to be substantially potentiated during in vitro cell culture
models of ischemia, like that of oxygen and glucose deprivation [84]. Hyperglycemia, a
condition of elevated blood glucose, exacerbates ischemic stroke [60]. It is not clear whether
this occurs through ASIC activation. In diabetes, low levels of serum insulin may be a key
factor in the increased surface expression of ASIC1a [11]. Therefore, in dually prevalent
situations where ischemia and low serum insulin levels are manifested, there is the potential
for increased neuronal injury beyond that of typical ischemic stroke possibly due to
increased surface expression and activity of ASIC1a. [11].

Summary and Conclusion
Ischemic stroke is a devastating neurologic injury and a leading cause of death and long
term disabilities among other neurologic diseases. Ion channels are now well established in
ischemic stroke pathology. Pharmacologic agents such as amiloride, NSAIDs, and Zinc are
invaluable tools to study ASICs which can modulate ASIC properties (Figure 1). Still,
translational studies are not without difficulties; there are limited pharmacologic agents, like
PcTX1, that offer specific ASIC subunit inhibition that may be exploited for therapeutic
benefit. New avenues have yet to be thoroughly investigated and are at the forefront of
ASIC and neuroprotection. One such emerging translational strategy to limit neuronal injury
may be the modulation of ASIC activity, for example, taking advantage of molecular
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mechanisms regulating desensitization. Further exploration to find endogenous antagonist
remains to be done. Alterations in the regulatory machinery leading to a decrease in
expression or activation during an ischemic event would improve stroke prognosis. A series
of molecules, such as AKAP, are closely linked to ASIC regulation and trafficking (Figure
2). Comprehension of ASIC physiology and pathology will be necessary to translate
findings, novel and existing drugs to progress therapeutic advances.
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Figure 1. ASIC1a as a target for stroke translational research
Neuron with enlargement of soma displaying ASICs. When ASICs are activated by protons
they conduct sodium and calcium into the cell. Activation of ASICs contributes to neuronal
injury by increasing the intracellular concentration of calcium. In the presence of these
inhibitors ASIC activity is diminished, attenuating ASIC mediated neurotoxicity. Amiloride
is a non- specific inhibitor of ASIC subunits and other ion channels. NSAIDs are non-
specific drugs, however Ibuprofen and Flurbiprofen are also inhibitors of ASIC. Please see
section “ASIC Inhibitors”.
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Figure 2. Main pathways/proteins involved in the regulation and/or trafficking of ASICs
Tissue Kallikreins (TKs) decrease ASIC1a activity through channel cleavage. P11 interacts
with ASIC1a and is reported to have a role in trafficking and alterations of current density.
α-Actinins assemble membrane proteins and signaling molecules into macromolecule
complexes and attach membrane proteins to the actin cytoskeleton. ASIC1a interaction with
α-actinin influences its sensitivity to extracellular protons. A-Kinase Anchoring Proteins
(AKAPs) are a family of intracellular scaffolding proteins that tether cAMP-dependent
protein kinase A (PKA) to cellular membranes and organelles orchestrating signaling and
other second-messenger mediated processes. When AKAP79/150 is disrupted with Ht-31
inhibitor peptide it significantly limits ASIC current conductance. Please see section “ASIC
Regulation”.
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