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Amyotrophic Lateral Sclerosis (ALS) is a neurodegenerative disease caused by the progressive loss of motor

neurons (MNs) resulting in weakness and paralysis of voluntary muscles. The main clinical feature of ALS is the

upper and lower MN involvement. The age of onset is about 60 years, and the incidence is 5 per 100,000

inhabitants. Although important research progress has been made, the etiopathology of ALS is mostly unknown.

The mechanisms underlying the development of the disease are multiple, with the involvement of a complex

interaction between genetic and molecular characteristics. The major ALS-related genes include superoxide

dismutase 1 (SOD1), FUSed in sarcoma (FUS), TAR DNA binding protein (TARDBP) and chromosome 9 open

reading frame 72 (C9Orf72). Due to the high complexity of the disease, the diagnosis is made by exclusion and

there are no effective drug therapies that can stop or significantly slow down the progression of the disease. To

date, the drugs used to slow down the course of the disease are Riluzole, which works by reducing excitotoxicity,

and Edaravone that decreases oxidative stress. Neuropathology and medical genetics have led to the discovery

that ALS and Frontotemporal Dementia (FTD) are related diseases and form a broad neurodegenerative

continuum. Both of these pathologies can be caused by mutations in the same gene that can lead to different

clinical pictures. The discovery of hexanucleotide expansion involving the C9Orf72 gene helped to define a genetic

basis to explain the spectrum ALS/FTD.
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1. Drug Development

The application of omic sciences has enabled the development of novel approaches to understand the molecular

nature of ALS. As described in the following sections, their use has potential clinical implications to stratify patients

and identify effective and safe treatments .

1.1. Omics Approach for Patients Stratifications

A genomic approach has been used in different clinical trials to select patients with specific drug-targetable gene

mutations. Trial NCT01041222 was the first to use an intrathecally injected antisense oligonucleotide (ASO)

designed to inhibit SOD1 expression in SOD1-fALS mutation carriers. The results revealed a successful strategy

showing that the drug (ISIS 333611) was well tolerated . A similar genetic stratification was applied in trial

[1][2]

[3]



Omics Sciences and Amyotrophic Lateral Sclerosis | Encyclopedia.pub

https://encyclopedia.pub/entry/22834 2/6

NCT00706147, where a genotype-phenotype homogeneous population of SOD1-fALS mutation carriers were used

to test the safety, tolerability and efficacy of Arimoclomol, a drug promoting the correct folding of proteins. The entry

demonstrated drug tolerability and safety but did not show therapeutic efficacy . In trial NCT04494256, subjects

with ATXN2 expansion were enrolled to assess the safety, tolerability and pharmacokinetic profile of BIIB105, an

ASO designed to bind and degrade the ATXN2 mRNA.

1.2. Omics Approach for Monitoring

A transcriptomic approach has been used to evaluate pre- and post-treatment gene expression changes in ALS

patients . In trial NCT04632225, RNA sequencing was used to determine and compare transcription profiles in

patients receiving Engensis or placebo. Engensis is a gene therapy based on a plasmid that allows direct

expression of the hepatocyte growth factor (HGF) in nerve cells of ALS patients. In trial NCT03359538, the effects

of rapamycin in addition to riluzole in ALS patients was assessed by evaluating pathways related to immune

response in plasma and cerebrospinal fluid (CSF). A transcriptomic and metabolomic approach was used in trial

NCT00875446 to test the safety, pharmacokinetics and pharmacodynamics of the monoclonal antibody

GSK1223249 (Ozanezumab), targeting the myelin-associate neurite outgrowth inhibitor (NOGO-A) in ALS patients.

The results conducted on muscle biopsy and plasma by DNA microarray technology, demonstrated the drug is well

tolerated although no drug-dependent gene expression patterns in muscle or plasma were identified . The same

approach was exploited in trial NCT03456882 to identify pharmacodynamic biomarkers following treatment with

RNS60, an electrokinetically altered aqueous fluid.

In several clinical trials, the drug’s impact was determined by comparing the expression of different markers in

patients exposed to drugs or placebo (NCT01854294, NCT03800524, NCT04505358, NCT03693781) or observing

pre- and post-treatment clinical outcomes (NCT01884571, NCT02525471, NCT02469896, NCT05193994,

NCT04788745). Notably, the results of trial NCT01854294 showed that the master regulator peptide GM604

altered plasma expression levels of SOD1, TAU and TDP-43 proteins, slowing down disease progression . In trial

NCT01884571, analysis of mRNA expression profiles in blood T-cells was used to assess the effect of

immunosuppression and showed no disease-modifying effect following this treatment . By evaluating the effects

of Tocilizumab, a monoclonal antibody that inhibits Interleukin-6, trial NCT02469896 demonstrated dysregulation of

pro-inflammatory genes in peripheral blood mononuclear cells of sporadic ALS patients .

Although discoveries related to the molecular basis of a disease may offer unprecedented opportunities to translate

into new drugs, their development requires an enormous amount of time, money, and effort. For this reason, some

trials have the objective to repurposing existing drugs to new disease areas . Based on this strategy, the

pharmacological properties of Enoxacin were assessed in ALS patients in trial NCT04840823. By acting against

bacterial DNA topoisomerase II, this antibacterial agent is used in the treatment of urinary tract infections . Since

Enoxacin may regulate the expression of miRNAs, this trial aims to evaluate the ability of this drug in modulating

miRNA species in CSF and plasma of ALS patients. Another repurposing drug strategy has been exploited in trial

NCT02437110 where the combination of Darunavir, Ritonavir, Dolutegravir, and Tenofovir alafenamide (an
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antiretroviral therapy approved for human immunodeficiency virus infection) has been tested to suppress the

activation of Human Endogenous Retrovirus-K (HERV-K) in ALS patients.

Clinical trial NCT04066244 proposed a multi-omics approach, the NCT04066244 to characterize the safety,

tolerability and response of BLZ945, a Colony Stimulating Factor 1 (CSF-1) inhibitor. The outcomes of this trial will

be based on genotyping cytochrome P4502C8 (CYP2C8), an enzyme involved in metabolism of xenobiotics.

1.3. Multi-Omics Approach for Both Stratification and Monitoring

A genomic, metabolomic and transcriptomic approach has been used to select patients and monitoring therapy. In

trials NCT03626012 and NCT04288856, C9Orf72 patients were enrolled to evaluate the safety, tolerability and

pharmacokinetics of BIIB078, an ASO targeting C9Orf72 mRNA. A similar approach was applied in trials

NCT05163886 and NCT05053035, where C9Orf72 patients were recruited to test the safety, tolerability and

biological effect of LAM-002A, (apilimod) an inhibitor of the PIKfyve kinase that works by clearing toxic protein

aggregates within lysosomes. The outcome of this trial was to evaluate LAM-002 levels, metabolites and

neurofilament light chain (NfL) in plasma and CSF.

Clinical trial NCT04993755 aimed to characterize the safety and tolerability of the reverse transcriptase enzyme

inhibitor TPN-101 (censavudine) in C9Orf72 patients with ALS/FTD, ALS or FTD. A similar patient’s classification

was used in trial NCT04931862 to test the effect of WVE-004, an ASO designed to mediate the degradation of

C9Orf72 mRNA.

A genetic stratification was applied in trial NCT02623699, where SOD1-patients were enrolled to test BIIB067

(tofersen), an ASO designed to degrade SOD1 mRNA and to prevent protein synthesis. The results confirmed drug

safety and revealed drug-dependent SOD1 expression levels in CSF . The same cohort of patients was used in

the extension study NCT03070119 to test long-term treatment with BIIB067. The placebo-controlled trial

NCT04856982, proposed to initiate BIIB067 treatment in clinically presymptomatic patients. A similar genetic

stratification was applied in trial NCT01083667, where SOD1 mutation carriers were used to test the antiparasitic

drug, Pyrimethamine (Daraprim). 

A genomic and metabolomic approach was used in trial NCT04768972 to evaluate the safety, pharmacokinetics

and pharmacodynamics of ION363 in FUS-mutation carriers. This drug is an ASO designed to reduce the

production of mutated neurotoxic form of FUS protein. This successful strategy showed a reduction in CSF of NfL

concentration. Using a repurposing drug strategy, FUS patients were recruited in trial NCT03707795 to evaluate

the effect of Betamethasone by assessing levels of different biomarkers in plasma. A similar strategy was exploited

in trial NCT05189106, where the reduction of CSF inflammatory biomarkers was assessed in patients with

Alzheimer’s disease and C9Orf72-ALS carriers following treatment with Baricitinib, a JAK inhibitor approved for

rheumatoid arthritis and COVID-19 treatment .

Clinical trial NCT04220021 used a genomic and transcriptomic approach to evaluate safety and tolerability of

Metformin in C9Orf72- patients. Since this drug, approved as a diabetes mellitus remedy, demonstrated beneficial
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effects through different signalling pathways , the trial aim was to evaluate CSF deregulated Repeat-associated

non-AUG (RAN) protein levels.

2. Not Drug Related Clinical Trials

A multi-omics approach has been used in trail NCT02590276 to identify disease signatures in FTD/ALS C9Orf72-

carriers . The results implicated dysregulated circulating miRNAs as biomarkers of disease progression . In

trial NCT03984708, analysis of metabolic status and associated metabolic pathways in skin biopsy fibroblasts of

ALS patients was used to find new therapeutic strategies.

A transcriptomic approach has been used in several clinical studies. In trial NCT01984957, DNA microarray

technology was used to identify dysregulated gene expression in muscle biopsies of ALS patients. Combined

omics technologies were applied in trial NCT02670226 to identify novel biomarkers in ALS patients by exploration

of blood, muscle and satellite cells metabolomes and transcriptomes. A similar approach was applied in clinical trial

NCT03851302, where mRNA expression of metabolism genes was assessed in muscle of ALS patients following

neuromuscular magnetic stimulation (NMMS).
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