
Amyotrophic lateral sclerosis: Current perspectives from basic
research to the clinic

Renzo Mancuso, Xavier Navarro *

Institute of Neurosciences and Department of Cell Biology, Physiology and Immunology, Universitat Autònoma de Barcelona, and Centro de Investigación
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A B S T R A C T

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease characterized by progressive

degeneration of upper and lower motoneurons, leading to muscle weakness and paralysis, and finally

death. Considerable recent advances have been made in basic research and preclinical therapeutic

attempts using experimental models, leading to increasing clinical and translational research in the

context of this disease. In this review we aim to summarize the most relevant findings from a variety of

aspects about ALS, including evaluation methods, animal models, pathophysiology, and clinical findings,

with particular emphasis in understanding the role of every contributing mechanism to the disease for

elucidating the causes underlying degeneration of motoneurons and the development of new

therapeutic strategies.

� 2015 Elsevier Ltd. All rights reserved.
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E-mail address: xavier.navarro@uab.cat (X. Navarro).

Contents lists available at ScienceDirect

Progress in Neurobiology

jo u rn al ho m epag e: ww w.els evier . c om / lo cat e/pn eu ro b io

http://dx.doi.org/10.1016/j.pneurobio.2015.07.004

0301-0082/� 2015 Elsevier Ltd. All rights reserved.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.pneurobio.2015.07.004&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.pneurobio.2015.07.004&domain=pdf
http://dx.doi.org/10.1016/j.pneurobio.2015.07.004
mailto:xavier.navarro@uab.cat
http://www.sciencedirect.com/science/journal/03010082
www.elsevier.com/locate/pneurobio
http://dx.doi.org/10.1016/j.pneurobio.2015.07.004


5. Pathophysiological mechanisms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

5.1. Oxidative stress. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

5.2. Mitochondrial dysfunction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

5.3. Impairment of axonal transport . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

5.4. Excitotoxicity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

5.5. Protein aggregation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

5.6. Endoplasmic reticulum stress. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

5.7. Abnormal RNA processing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

5.8. Neuroinflammation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

5.9. Role of non-neuronal cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

5.10. Excitability of peripheral axons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

5.11. Role of target muscles and neuromuscular junction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

6. Bases of motoneuron vulnerability in ALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

7. Upper motoneuron involvement: ‘‘dying back’’ or ‘‘dying forward’’ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

8. Sensory and autonomic involvement in ALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

9. Relevant current therapeutic strategies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

9.1. Main advances on preclinical studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

9.2. Drug-based therapy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

9.3. Growth factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

9.4. Gene therapy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

9.5. Stem cell therapy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

1. Motoneuron diseases

Motoneuron diseases (MND) are progressive neurodegenera-
tive disorders with different etiologies and clinical spectra, but a

common final event: loss of lower and/or upper motoneurons

(MNs). Amyotrophic lateral sclerosis (ALS) and spinal muscular

atrophy (SMA) are the most frequent forms of MND and therefore

the most studied. ALS was first described by Charcot in 1869 and is

the most common form of MND (incidence of 1–5 per 100,000)

affecting adults. Degeneration of both upper (corticospinal/

corticobulbar) and lower (spinal/bulbar) MNs distinguishes ALS

from other MND. The main neuropathological features of ALS

include extensive loss of MNs in the anterior horns of the spinal

cord and brainstem, degeneration of the corticospinal tract, and

degeneration and loss of large pyramidal neurons in the primary

motor cortex, which project their axons in the corticospinal tract.

There is also reactive gliosis around the areas of degeneration. A

common feature with other neurodegenerative diseases is the

formation of protein aggregates in the degenerating neurons.

Although the composition of these protein structures remains

partly unknown, neuronal cytoplasmic inclusions predominantly

comprise a nuclear RNA processing protein, TDP-43 (TAR-DNA

binding protein 43) in most ALS cases (Ince et al., 2011).
Despite that most ALS cases are sporadic (sALS), 5-10% are

familiar (fALS), related with several genetic mutations (summa-
rized in Table 1) (Shaw, 2005). No matter if they are sporadic or
familiar, patients develop progressive weakness and muscle
atrophy, with spasticity and contractures. Progressive weakness
may start distally or proximally in the upper or lower limbs and
reach all muscles, including those related with breathing, speaking
and swallowing. Patients die, mostly due to respiratory failure, by
2-5 years after diagnosis (Wijesekera and Leigh, 2009; Worms,
2001). No effective treatment is presently available for ALS. Patient
care focuses on symptomatic treatments and physical therapy.
Assisted ventilation and nutrition can transiently overcome the
loss of upper airway and respiratory muscular control (Wijesekera
and Leigh, 2009). A large number of therapeutic trials have been
attempted, but it was not until the early 1990s that the first drug
approved by the FDA for the treatment of patients with ALS
reached the market: riluzole, an antiglutamatergic agent that
blocks the presynaptic release of glutamate. However, the efficacy

of riluzole is questionable, with minimal therapeutic benefits of
about 3-4 months of survival increase (Ludolph and Jesse, 2009).

2. Frontotemporal lobal degeneration – ALS complex

Frontotemporal lobal degeneration (FTLD or FTD) is caused by a
progressive neuronal atrophy and loss in the frontotemporal
cortex, and is characterized by personality and behavioral changes,
as well as gradual impairment of language skills. It is the second
most common dementia after Alzheimer’s disease (Van Langen-
hove et al., 2012).

Traditionally, ALS and FTLD were considered as two distinct
identities. However, novel evidences suggest that both pathologies
form one clinical continuum, in which pure forms are linked by
overlapping syndromes. The first link established between FTLD
and ALS was the identification of TDP-43 positive ubiquitinated
cytoplasmic inclusions in almost all cases of ALS and more than a
half of FTLD patients (Neumann et al., 2006; Van Langenhove et al.,
2012). Although neuropsychological testing shows normal cogni-
tion in the majority of ALS patients, up to 50% of them may present
some degree of cognitive impairment, while 15-18% meet the
criteria for FTLD (Ringholz et al., 2005). On the contrary, few
patients with FLTD develop ALS (Lomen-Hoerth et al., 2002). In
fact, FTLD-only, ALS-only and coincident FTD-ALS cases were
reported to occur inside a same family. Despite genetic alterations
underlying these cases are unknown, some studies have identified
a common locus on chromosome 9 (Vance et al., 2006). The recent
finding of an hexanucleotide expansion in C9ORF72 constitutes a
strong link between ALS and FTLD (DeJesus-Hernandez et al., 2011;
Ling et al., 2013; Mori et al., 2013; Renton et al., 2011). Currently,
little is known about factors that may account for the phenotypic
heterogeneity detected in C9ORF72 expansion carriers. However,
recent findings suggest that intermediate ATXN2 repeat lengths
may render C9ORF72 expansion carriers more susceptible to the
development of MND (van Blitterswijk et al., 2014).

3. Diagnostic and evaluation methods

ALS is characterized by the loss of MNs of primary motor cortex,
brainstem and spinal cord. This special combination of upper and
lower MNs provokes physical signs of upper or lower MN
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