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1. Introduction
Amyotrophic lateral sclerosis (ALS/MND) is considered a uniquely human complex

neurodegenerative disorder, presenting with a variety of clinical phenotypes, which include
frontotemporal dementia [1]. Cognitive impairment is common in ALS, and ALS and
frontotemporal dementia (FTD) represent a disease spectrum unified by the presence of
TDP-43-positive, ubiquitin-positive neuronal inclusions [2,3]. The heterogeneity of ALS
(age of onset, site of initial clinical deficit, disease duration and rate of progression) is
predicated by genetic, environmental, lifestyle and epigenetic determinants.

There is no naturally occurring animal ALS, and induced animal models whilst use-
fully mimicking anterior horn cell death—and to a lesser extent the demise of upper motor
neurons—cannot truly recapitulate human ALS. This has resulted increasingly in the use of
ALS patient-derived iPSCs, as shown in Publication 11, which enables biological disease
pathways, CRISPR gene editing, external risk factors and potential therapeutic agents to
be studied. This methodology also allows us to investigate the early stages of ALS and
tailor therapeutic responses. ALS is syndromic in nature and comprises a heterogeneous
disease group, and successful therapy requires personalized targeting to tackle individual
biological mechanisms of disease.

Heterogeneity in ALS is particularly evident in its overlap with frontotemporal de-
mentia (FTD). Depending on the intensity of investigation, cognitive impairment is evident
in >50% of ALS cases [4]. The expansion of FTD variations is ongoing, with the most recent
labeled right temporal variant frontotemporal dementia (rtvFTD). This variant is insidious in
onset and may initially be mistaken for depression with subsequent apathy, language, and
behavioral abnormalities. About 30% are associated with motor neuron symptomatology
and pathology within the corticospinal tracts (Publication 4).

2. Articles Published in the Special Issue
This Editorial is part of the Special Issue “Amyotrophic Lateral Sclerosis: Recent Consider-
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3. Early Disease and Preclinical Opportunities
ALS progresses in a multistep process, the seeds of which may originate at conception

or in the peri-natal period [5]. Aside from genetic factors, during embryogenesis, motor
neurons and their supporting glia are susceptible to many other potential insults, including
neuroinflammation, excitotoxicity, mitochondrial dysfunction, excessive oxidative stress
and external environmental risk factors. Epigenetic influences further determine individual
sensitivity and susceptibility. Together, these factors are encompassed in the ALS exposome
(Publication 1) [6]. It is recognized that these early insults can impact neurodevelopment
but can also cause neurodegeneration in later life, as illustrated in Publication 12. Although
research is still in its infancy, there is a vital need to develop early and robust preclinical
markers for ALS. Creatine kinase (CK) catalyzes the reversible conversion of creatine and
adenosine triphosphate (ATP) to phosphocreatine and adenosine diphosphate (ADP) and
is an essential component of ATP recycling and energy metabolism. Raised CK levels
are associated with poorer respiratory outcomes (Publication 2). The preclinical window
is potentially long with the opportunity to protect at-risk neurons and prevent already
dysfunctional ones from demise [7].

4. Excitement About Excitotoxicity
A highly flexible neural network is essential to normal brain functioning. Through-

out life, this is dependent on an optimal excitatory/inhibitory (E/I) balance controlled,
respectively, by glutamatergic and GABAergic systems. Impaired E/I balance has been im-
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plicated in several neurodegenerations, including ALS [8]. Altered E/I balance is difficult
to measure, but Publications 3 and 10 explore this issue. Glutamatergic excitatory neurons
far outnumber GABAergic inhibitory interneurons across all cortical circuits (with a ratio of
approximately 80% to 20%). Despite their minority presence, inhibitory interneurons are a
major determinant of network function and regulation and are key to their formation, plas-
ticity and the rewiring of inter-neuronal synaptic contacts, which enables the fine-tuning of
pyramidal neuron output activity. The defective development of GABAergic interneurons
is likely the key to excitotoxicity in ALS and studies are needed to determine which class of
interneuron is primarily responsible.

5. The Hallmark TDP-43
TDP-43 is a key area of ALS research, aspects of which were explored in Publication 9.

Although TDP-43 pathology is the hallmark of ALS, occurring at a frequency of 97%,
mutations in the gene encoding TDP-43 occur in less than 1% of all ALS cases [9]. This
implies that non-genetic factors converge to impact TDP-43 functioning, displacement and
aggregation in ALS, particularly when related to nucleocytoplasmic shuttling. TDP-43
aggregation is a late-stage event, whereas partial mis-localization or complete nuclear
depletion of TDP-43 occurs early in ALS. Upper motor neuron (Betz cell) cytoplasmic
TDP-43 is soluble and has been postulated to transmit corticofugally with aggregation in
spinal motor neurons. However, the biology of TDP-43 cell-to-cell spread is undetermined,
with some evidence supporting prion-like spread (Publication 9).

6. The Essence of Good Sleep
Sleep is critical to brain functioning and disrupted sleep is linked to neurodegenera-

tion [10]. Sleep disturbances may be identified years or even decades prior to overt disease
in Alzheimer’s disease and Parkinson’s disease. Sleep abnormalities are well documented
in ALS but only once the disease is clinically overt. The glymphatic system provides a
pathway for the clearance of toxicants, including cytoplasmic TDP-43 and glutamate excess,
and increased CSF levels of TDP-43 occur in ALS patients, implying that the system is not
properly cleared (Publication 5) [11]. The prolonged impairment of meningeal lymphat-
ics alters E/I balance with synaptic dysfunction. Flow is propelled by arterial pulsation,
respiration, and posture, as well as the positioning and proportion of aquaporin-4 chan-
nels (AQP4). Non-REM slow-wave sleep is key to glymphatic drainage, which slows
dramatically during wakefulness.

7. Essential Diagnostic Criteria
Diagnostic criteria are essential to the successful recruitment for ALS clinical trials

and clinical care programs. Despite their shortcomings, the revised El Escorial criteria are
still widely used. The Awaji–Shima criteria were developed to improve on the El Escorial
criteria. Because of difficulties and inherent limitations to both sets of criteria, the World
Federation of Neurology, the International Federation of Clinical Neurophysiology, the
International Alliance of ALS/MND Associations, the ALS Association (United States),
and the Motor Neuron Disease Association convened a consensus meeting (Gold Coast,
Australia, 2019) to consider the development of simpler criteria that better reflect clinical
practice [12]. The Gold Coast Criteria consistently have greater sensitivity than the El
Escorial or Awaji criteria, primarily because patients with exclusively lower motor neuron
signs in two or more body regions are included. Thus, these criteria are increasingly being
used (Publication 7).
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8. Future Considerations
Within the last few years, our understanding of ALS has significantly evolved, and it

is now recognized as having a diverse spectrum. The cause of selective vulnerability in
specific neurodegenerations is key to our understanding but remains largely enigmatic [13].
ALS has long been linked to the corticospinal system, with early dysfunction and the loss
of Betz cells [14]. These corticofugal projection neurons are central to the execution of an
array of skilled tasks and exhibit monosynaptic connections with bulbar and spinal motor
units; however, the motor units that subserve external ocular and bladder wall muscles
are largely spared in ALS. Aging remains the greatest risk factor in the multistep process,
culminating in the clinical syndrome. Many of the pathophysiological pathways identified
as important in ALS are also shared by the aging nervous system [15].

Akin to other neurodegenerations, ALS is multigenetic. Further, genomics have
revealed considerable genetic overlap amongst major neurodegenerations. Very few iden-
tified genes are “causative” and the >50 identified in relation to ALS have very limited
effects and best regarded as “at-risk genes”. Gene interactions of at-risk genes influence
each other through a variety of mechanisms, and the expression of one gene can affect
the expression of others. These interactions can lead to complex phenotypes. There are
multiple dysfunctional biological pathways underlying ALS pathogenesis, which is in large
part responsible for the lack of effective ALS therapy, and successful treatment will likely
require combination therapy targeting these multiple pathways, especially in those cases
lacking a causative genetic mutation [16,17]. The successful treatment of ALS remains
elusive, and existing therapies have yielded minimal impact. Currently, eight drugs are
approved by the US Food and Drugs Administration (FDA), namely Qalsody (tofersen,
#N215887); RELYVRIO (AMX0035, #N216660); Radicava™ (edaravone, #N209176); Rilutek
(riluzole, now generic, #N020599); Tiglutik™ (thickened riluzole, #N209080); Exservan
(riluzole oral film, #N212640); Nuedexta® (#N021879); and, recently, tofersen, which is
specific to patients with SOD1 mutations.

Conflicts of Interest: There is no conflict of interest.

References
1. Talbot, K. Familial versus sporadic amyotrophic lateral sclerosis—A false dichotomy? Brain 2011, 134, 3429–3434. [CrossRef]

[PubMed]
2. Bigio, E.H.; Weintraub, S.; Rademakers, R.; Baker, M.; Ahmadian, S.S.; Rademaker, A.; Weitner, B.B.; Mao, Q.; Lee, K.H.; Mishra,

M.; et al. Frontotemporal lobar degeneration with TDP-43 proteinopathy and chromosome 9p repeat expansion in C9ORF72:
Clinicopathologic correlation. Neuropathology 2013, 33, 122–133. [CrossRef] [PubMed]

3. Chong, Z.Z.; Souayah, N. Pathogenic TDP-43 in amyotrophic lateral sclerosis. Drug Discov. Today 2025, 30, 104351. [CrossRef]
[PubMed]

4. Strong, M.J. The syndromes of frontotemporal dysfunction in amyotrophic lateral sclerosis. Amyotroph. Lateral Scler. 2008, 9,
323–338. [CrossRef] [PubMed]

5. Chio, A.; Mazzini, L.; D’Alfonso, S.; Corrado, L.; Canosa, A.; Moglia, C.; Manera, U.; Bersano, E.; Brunetti, M.; Barberis, M.; et al.
The multistep hypothesis of ALS revisited: The role of genetic mutations. Neurology 2018, 91, e635–e642. [CrossRef] [PubMed]

6. Inglis, G.A.S. Exposing the exposome in aging. Nat. Aging 2025, 5, 340. [CrossRef] [PubMed]
7. Eisen, A.; Kiernan, M.; Mitsumoto, H.; Swash, M. Amyotrophic lateral sclerosis: A long preclinical period? J. Neurol. Neurosurg.

Psychiatry 2014, 85, 1232–1238. [CrossRef] [PubMed]
8. Monteverdi, A.; Palesi, F.; Costa, A.; Vitali, P.; Pichiecchio, A.; Cotta Ramusino, M.; Bernini, S.; Jirsa, V.; Gandini Wheeler-

Kingshott, C.A.M.; D’Angelo, E. Subject-specific features of excitation/inhibition profiles in neurodegenerative diseases. Front.
Aging Neurosci. 2022, 14, 868342. [CrossRef] [PubMed]

9. Del Tredici, K.; Braak, H. Neuropathology and neuroanatomy of TDP-43 amyotrophic lateral sclerosis. Curr. Opin. Neurol. 2022,
35, 660–671. [CrossRef] [PubMed]

https://doi.org/10.1093/brain/awr296
https://www.ncbi.nlm.nih.gov/pubmed/22051609
https://doi.org/10.1111/j.1440-1789.2012.01332.x
https://www.ncbi.nlm.nih.gov/pubmed/22702520
https://doi.org/10.1016/j.drudis.2025.104351
https://www.ncbi.nlm.nih.gov/pubmed/40188980
https://doi.org/10.1080/17482960802372371
https://www.ncbi.nlm.nih.gov/pubmed/18752088
https://doi.org/10.1212/WNL.0000000000005996
https://www.ncbi.nlm.nih.gov/pubmed/30045958
https://doi.org/10.1038/s43587-025-00845-x
https://www.ncbi.nlm.nih.gov/pubmed/40069517
https://doi.org/10.1136/jnnp-2013-307135
https://www.ncbi.nlm.nih.gov/pubmed/24648037
https://doi.org/10.3389/fnagi.2022.868342
https://www.ncbi.nlm.nih.gov/pubmed/35992607
https://doi.org/10.1097/WCO.0000000000001098
https://www.ncbi.nlm.nih.gov/pubmed/36069419


Brain Sci. 2025, 15, 498 5 of 5

10. Calderon-Garciduenas, L.; Torres-Jardon, R.; Greenough, G.P.; Kulesza, R.; Gonzalez-Maciel, A.; Reynoso-Robles, R.; Garcia-
Alonso, G.; Chavez-Franco, D.A.; Garcia-Rojas, E.; Brito-Aguilar, R.; et al. Sleep matters: Neurodegeneration spectrum hetero-
geneity, combustion and friction ultrafine particles, industrial nanoparticle pollution, and sleep disorders-Denial is not an option.
Front. Neurol. 2023, 14, 1117695. [CrossRef] [PubMed]

11. Sharkey, R.J.; Cortese, F.; Goodyear, B.G.; Korngut, L.W.; Jacob, S.M.; Sharkey, K.A.; Kalra, S.; Nguyen, M.D.; Frayne, R.; Pfeffer,
G. Longitudinal analysis of glymphatic function in amyotrophic lateral sclerosis and primary lateral sclerosis. Brain 2024, 147,
4026–4032. [CrossRef] [PubMed]

12. Shefner, J.M.; Al-Chalabi, A.; Baker, M.R.; Cui, L.Y.; de Carvalho, M.; Eisen, A.; Grosskreutz, J.; Hardiman, O.; Henderson,
R.; Matamala, J.M.; et al. A proposal for new diagnostic criteria for ALS. Clin. Neurophysiol. 2020, 131, 1975–1978. [CrossRef]
[PubMed]

13. Talbot, K. Amyotrophic lateral sclerosis: Cell vulnerability or system vulnerability? J. Anat. 2014, 224, 45–51. [CrossRef] [PubMed]
14. Eisen, A.; Vucic, S.; Kiernan, M.C. Amyotrophic lateral sclerosis represents corticomotoneuronal system failure. Muscle Nerve

2025, 71, 499–511. [CrossRef] [PubMed]
15. Dashtmian, A.R.; Darvishi, F.B.; Arnold, W.D. Chronological and Biological Aging in Amyotrophic Lateral Sclerosis and the

Potential of Senolytic Therapies. Cells 2024, 13, 928. [CrossRef] [PubMed]
16. Boussicault, L.; Laffaire, J.; Schmitt, P.; Rinaudo, P.; Callizot, N.; Nabirotchkin, S.; Hajj, R.; Cohen, D. Combination of acamprosate

and baclofen (PXT864) as a potential new therapy for amyotrophic lateral sclerosis. J. Neurosci. Res. 2020, 98, 2435–2450. [CrossRef]
[PubMed]

17. Thonhoff, J.R.; Beers, D.R.; Zhao, W.; Faridar, A.; Thome, A.; Wen, S.; Zhang, A.; Wang, J.; Appel, S.H. A phase 1 proof-of-concept
study evaluating safety, tolerability, and biological marker responses with combination therapy of CTLA4-Ig and interleukin-2 in
amyotrophic lateral sclerosis. Front. Neurol. 2024, 15, 1415106. [CrossRef] [PubMed]

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/10.3389/fneur.2023.1117695
https://www.ncbi.nlm.nih.gov/pubmed/36923490
https://doi.org/10.1093/brain/awae288
https://www.ncbi.nlm.nih.gov/pubmed/39241118
https://doi.org/10.1016/j.clinph.2020.04.005
https://www.ncbi.nlm.nih.gov/pubmed/32387049
https://doi.org/10.1111/joa.12107
https://www.ncbi.nlm.nih.gov/pubmed/24010870
https://doi.org/10.1002/mus.28290
https://www.ncbi.nlm.nih.gov/pubmed/39511939
https://doi.org/10.3390/cells13110928
https://www.ncbi.nlm.nih.gov/pubmed/38891059
https://doi.org/10.1002/jnr.24714
https://www.ncbi.nlm.nih.gov/pubmed/32815196
https://doi.org/10.3389/fneur.2024.1415106
https://www.ncbi.nlm.nih.gov/pubmed/38915796

	Introduction 
	Articles Published in the Special Issue 
	Early Disease and Preclinical Opportunities 
	Excitement About Excitotoxicity 
	The Hallmark TDP-43 
	The Essence of Good Sleep 
	Essential Diagnostic Criteria 
	Future Considerations 
	References

