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Different neurodegenerative diseases display varying etiologies and phenotypes, re-
flecting region-specific neurodegeneration. Yet, despite their distinctive pathogenic mecha-
nisms/features, diverse neurogenerative disorders also rely on common pathogenic events.
One salient example is glutamate-induced neurotoxicity or excitotoxicity [1], involving an
excessive and toxic Ca®* influx, mainly mediated by the highly Ca?*-permeable NMDA
receptors (NMDARs; [2,3]). This Ca?* overload then leads to the activation of calpains and
other proteases mediating cytoskeleton damage, reactive oxygen species generation, mito-
chondrial dysfunction, and subsequent neuronal apoptosis [2-5]. This NMDARs-mediated
neurotoxicity was proposed to be a final pathway of neurodegeneration shared by the
different neurological disorders [6], which introduced the remarkable possibility of the
development of a single therapeutic strategy for all neurodegenerative diseases through
the modulation of NMDAR function. The interest in NMDARs as a therapeutic target has
been extended over the years to neuropsychiatric and other disorders (e.g., [7]), a topic
also approached in this Special Issue in NeuroSci [8,9]. Naturally, NMDAR has been a
long-standing potential therapeutic target and the object of intensive study.

However, NMDARs also play a key role in synaptic physiology and brain function
(e.g., [10]). Hence, the challenging goal has been to find a strategy to selectively inhibit the
“bad” NMDARs, while safe-guarding the critical physiological role of NMDARs. In this
regard, evidence has pointed to the pro-survival action of synaptic NMDARs and a delete-
rious action of extrasynaptic NMDARs, activated upon excessive spillover of glutamate
outside the active zone, effected by the triggering of distinct intracellular pathways [11-13].
Yet, the limited clinical outcome of memantine, a low-affinity non-selective antagonist of
NMDARSs [14], indicates that the subcellular-specific targeting of NMDARs is not sufficient.
The enrichment of synaptic NMDARs with GluN2A-containing receptors and of extrasy-
naptic NMDARs with higher-affinity GluN2B-containing receptors [13,15,16] opened an
avenue of research focusing on selectively targeting GluN2B-containing receptors to se-
lectively arrest NMDAR-induced neurotoxicity or positively regulate GluN2A-containg
receptors to restore or minimize an imbalance in subunit-specific NMDARs (for review,
e.g., [17]). Nevertheless, since there is no full compartmentalization in the subcellular
expression of the different subunits, subunit-specific targeting may not provide the desired
efficiency in abrogating /reducing NMDAR-induced neurodegeneration, while preserving
the critical physiological role of NMDARSs.

Other strategies are potentially feasible, such as the control of extracellular levels of
glutamate, for instance through the regulation of astrocytic function or through the indirect
inhibition of the neurotoxic NMDARs by other signaling systems, whose activity is also
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associated with different neurodegenerative diseases. In this regard, as an example, it
was shown that ATP, whose extracellular levels are also systematically increased in differ-
ent neurodegenerative disorders [18], including in excitotoxic conditions [19], catalyzes
glutamate-induced synaptic loss and latter neuronal death. This entails a P2Y1 receptor-
driven toxic selective increase in axonal NMDARs-mediated Ca®*-entry and subsequent
calpain-mediated axonal cytoskeleton damage, prior to any dendritic damage [19]. This
study showed that P2Y1R selectively promotes the neurotoxic action of NMDAR, offering
the possibility to selectively inhibit an NMDAR-mediated neurotoxic action by targeting
another signaling system, avoiding any impact on physiological NMDAR function.

The ability to solely inhibit the damaging activity of NMDARs may also arise from the
possibility of developing NMDAR allosteric modulators to regulate particular NMDAR sub-
populations, also in a cellular or region-specific manner, or by targeting heterocomplexes
formed by NMDARs and other receptors or proteins that may confer the NMDARs with
neurotoxic action. This would offer natural selectivity for a therapeutic approach that could
avoid the adverse effects from interfering with NMDARs. Such a possibility was recently
supported by the remarkable demonstration of the existence of NMDAR-TRPM4 (transient
receptor potential cation channel subfamily M member 4) death complex [20]. It was found
that the NMDAR subunits, both GluN2A and GluN2B, but not GluN1, form a complex
with TRPM4 selectively at extrasynaptic sites. This confers neurotoxicity to the extrasynap-
tic NMDARs previously observed, since the inhibition of its formation using interaction
interface inhibitors provided robust neuroprotection against excitotoxicity both in vitro and
in vivo [20]. Importantly, the inhibition of the formation of the NMDAR/TRPM4 complex
does not interfere with physiological synaptic and extrasynaptic NMDAR signaling [20].
This finding clearly opens the possibility to selectively abrogate neurotoxic NMDARs with-
out adverse effects, which will hopefully constitute a major advance in the therapeutics of
neurodegenerative diseases [21]. Accordingly, the inhibition of the NMDAR/TRPM4 death
complex formation was already shown to provide robust neuroprotection in animal models
of amyotrophic lateral sclerosis [22,23] and more recently in Alzheimer’s disease [24], which
most likely will be extended to other neurodegenerative disorders. Hopefully, this will
soon introduce efficient therapeutics for neurodegenerative disorders.

From an academic point of view, there are also interesting questions that remain
to be clarified. Although there is an upregulation of this NMDAR/TRPM4 complex in
pathological conditions, it was identified in physiological conditions [24]. Does it have a
physiological purpose? The inhibition of its formation had no impact in memory-associated
tasks [24]. Is its primary function to induce programed/physiological cell death? Is it
formed during development or only in adulthood? Does it increase with aging? Whatever
the answers, the identification of this NMDAR/TRPM4 complex undoubtedly constitutes a
major advance in our comprehension of NMDARs and for the development of a strategy to
arrest or at least delay neurodegenerative disorders, an unmet medical need.
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