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Abstract
Background: TDP-43 aggregation is the hallmark pathology seen at post-mortem in the majority of Amyotrophic lateral 
sclerosis (ALS) cases. Lipid metabolism has been shown to be disrupted in ALS including evidence for systemic 
metabolic disruptions in ALS patients as well as lipid peroxidation changes noted at the single cell level. The temporal 
nature of lipid dysregulation during disease course and the role that lipid dysregulation may play in potentiating TDP-43 
pathology is unclear.

Aim: The aim of this review is to analyse existing literature assessing the interplay between altered lipid metabolism 
and TDP-43 pathology in ALS, and investigate possible relationships between the two.

Methods: This protocol describes the strategy for a proposed systematic review and meta-analysis to identify, evaluate 
and analyse studies examining lipid changes in relation to TDP-43 pathology.

Summary: This review will aid our understanding of ALS-associated pathobiology through detailed analysis of 
molecular processes underlying the influence of lipids on TDP-43 behaviour in ALS.
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Abstract

Background: TDP-43 aggregation is the hallmark pathology seen at post-mortem in the majority of Amyotrophic lateral 
sclerosis (ALS) cases. Lipid metabolism has been shown to be disrupted in ALS including evidence for systemic 
metabolic disruptions in ALS patients as well as lipid peroxidation changes noted at the single cell level. The temporal 
nature of lipid dysregulation during disease course and the role that lipid dysregulation may play in potentiating TDP-43 
pathology is unclear.

Aim: The aim of this review is to analyse existing literature assessing the interplay between altered lipid metabolism 
and TDP-43 pathology in ALS, and investigate possible relationships between the two.

Methods: This protocol describes the strategy for a proposed systematic review and meta-analysis to identify, evaluate 
and analyse studies examining lipid changes in relation to TDP-43 pathology.

Summary: This review will aid our understanding of ALS-associated pathobiology through detailed analysis of 
molecular processes underlying the influence of lipids on TDP-43 behaviour in ALS.

Introduction

TAR DNA-binding protein (TDP-43) is a nucleic acid binding protein and a member of the heterogeneous nuclear 
ribonucleoprotein family. It is encoded by the TARDBP gene on chromosome 1, and is normally located in the nucleus 
or sometimes in the cytoplasm. TDP-43 plays several roles in cellular function, including RNA metabolism and 
transport, protein synthesis regulation, gene editing, DNA repair and stress granule formation. Through a combination 
of post-translational events, including aggregation, cleavage, ubiquitination and hyperphosphorylation, pathological 
TDP-43 inclusions are formed in the cytoplasm (Majumder et al., 2018; Liao et al., 2022; Tamaki and Urushitani, 2022). 
ALS is a clinically and genetically heterogeneous condition; however, there are some common pathologies which can 
be seen across the majority of cases. These include TDP-43 aggregation together with mitochondrial dysfunction, 
neuroinflammation, oxidative stress, iron imbalance and more (Ilieva et al., 2023; Fu et al., 2023). This review attempts 
to identify potential convergent pathogenic pathways to understand how to target therapeutics to all patients.

Increasing evidence suggests that lipid metabolism has an essential role in neurodegenerative disease, including 
Alzheimer’s disease (AD), Parkinson’s disease (PD), ALS and others. There are multiple symptoms and characteristics 
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of ALS patients that point toward altered lipid composition. Firstly, patients experience general metabolic changes, 
such as reduced body weight (irrespective of muscle atrophy and dysphagia), loss of appetite, increased metabolism, 
and consequential reduction in fat storage (Ngo et al., 2019; Janse Van Mantgem et al., 2020; Fayemendy et al., 2021). 
Next, abnormalities in energy metabolism have been reported, such as glucose intolerance and insulin resistance (Burg 
and Van Den Bosch, 2023). Moreover, dyslipidaemia is often reported, however the specific parameters vary in 
literature. Some studies report increased blood cholesterol levels or increased low-density lipoprotein cholesterol 
(LDL) (Dorst et al., 2011; Ahmed et al., 2018), but these findings are often contradicted (Yang et al., 2013). Literature 
seems to be more uniform when reporting changes in triglyceride levels which are usually increased in ALS (Ahmed et 
al., 2018; Phan et al., 2023). This increase was even suggested to prolong survival (Dorst et al., 2011). ALS animal 
models mirror these findings, confirming the involvement of hypermetabolism and dyslipidaemia in ALS (Dupuis et al., 
2004; Kim et al., 2011), as well as the protective effect of high-fat diet supplementation (Fergani et al., 2007).

Another important factor of lipid abnormalities is the involvement of lipid peroxidation in neurodegeneration. Lipid 
peroxidation is the formation of oxidised lipids which can result in ferroptosis and inflammation if dysregulated. Lipid 
peroxidation markers have been found in serum, spinal fluid samples and tissue samples of ALS patients (Shibata et 
al., 2001; Simpson et al., 2004; Baillet et al., 2010). Again, animal models complement these findings, reporting lipid 
peroxidation markers in plasma and neuromuscular tissue (Peng et al., 2022; Mukhamedyarov et al., 2023). The role of 
lipid peroxidation in TDP-43 aggregation remains unclear. In PD, lipid peroxidation is an essential pathological process, 
directly associated with α-synuclein aggregate toxicity (Angelova et al., 2015; Ludtmann et al., 2018). This review aims 
to evaluate whether lipid peroxidation has the same effect on TDP-43 aggregation and toxicity, as it is the case with α-
synuclein in PD.

Altogether, significant metabolic changes and pathological lipid peroxidation illustrate the relevance of lipids in the 
pathology of ALS. Despite this, the interplay between lipids and TDP-43 behaviour was not thoroughly investigated in 
literature. This review will address this research gap and examine available literature about TDP-43’s interaction with 
various lipids. Subsequently, this literature will be evaluated and statistically analysed to produce comprehensive 
conclusions about the role of lipids in TDP-43 pathology. We hope that this may provide a platform for future targeted 
therapeutics or even lifestyle advice that could improve the lives of people affected by ALS.

Approach

A systematic review will be performed to identify and evaluate literature assessing the relationship between lipids and 
TDP-43. Human, animal, cell, and in vitro studies investigating this interplay will be considered. A meta-analysis will be 
performed to evaluate outcomes that have been reported in 2 or more studies. Outcomes will be compared on forest 
plots. Human, animal, and cell studies will be compared separately.

Objectives

Intervention studies (PICOS Framework) 
Population: Human, animal, cell, and in vitro studies.

Intervention: Pharmacological, genetic, environmental, dietary interventions targeting lipid metabolism.

https://dx.doi.org/10.17504/protocols.io.8epv5xk75g1b/v1
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Comparison: Intervention groups compared to suitable control.

Outcome measures: Including but not limited to treatment efficacy (assessed in 2 or more studies) as determined by: 
   Primary outcome measures: 
   (1) Survival (human and animal) 

   Secondary outcome measures: 
   (1) Biochemical (e.g. encompassing fat composition and/or TDP-43 pathology)

Study design: Human, animal, cell, and in vitro studies where interventions target lipid metabolism

Non-intervention studies 
This study will also summarise non-intervention studies (e.g. hypothesis generating experiments, characterisation 
studies), for example where an in vitro experiment has characterised TDP-43 aggregation in a lipid rich environment, or 
human study where lipid composition has been measured in context of TDP-43 burden.

Methods

Searches
Three databases (PubMed, Embase and MEDLINE) will be used (search terms specified below). The searches were 
performed on December 12, 2023. No restriction on language or publication date was implemented.

Search terms
Pubmed: (("fatty acid" OR lipid OR fat)) AND (TDP*43): n=132
MEDLINE and Embase (via Ovid) (("fatty acid" OR lipid OR fat)) n=338
Selected resources to search:
-   Ovid MEDLINE(R) ALL 1946 to December 7, 2023
-   Embase (1974 to 2023 December 12)

Screening

Firstly, all selected sources will be uploaded to EndNote where duplicates will be filtered out. Next, the SYrF 
(Systematic Review Facility: syrf.org.uk) will be used for screening. Initially, titles and abstracts will be screened for 
inclusion criteria, exclusion criteria and quality characteristics specified below. This initial screening and the 
subsequent data extraction will be done by two independent reviewers. A third reviewer will be employed if reviewer 
concordance is <0.66. Where data are missing authors may be contacted or calculated based on available information. 
The outcome of the screening will be presented in a PRISMA diagram.

Inclusion and Exclusion Criteria

Inclusion criteria:

https://dx.doi.org/10.17504/protocols.io.8epv5xk75g1b/v1
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• All studies investigating lipid composition, function, or pathological behaviour in relation to cytoplasmic TDP-43 
aggregation.
• Human, animal, cell, and in vitro studies.

Exclusion criteria:
• Narrative reviews, letters, commentaries.
• Non-peer reviewed work: conference abstracts and posters, preprints.

Quality Checklist:

General reporting checklist:
• Peer reviewed publication
• Conflicts of interest statement
• Compliance with animal welfare regulations where appropriate
• Eligibility criteria specified

Experiment reporting checklist:
• Sample size calculation (power calculation)
• Appropriate sample size
• Appropriate control group
• Random group allocation
• Group allocation concealment
• Blinded outcome assessment
• Target engagement assessment

Data and statistics reporting checklist:
• Data extractability: e.g. data reported in article/supplementary data, or requiring manual extraction/inference
• Statistical test appropriateness 
• Statistical test reported
• Exact sample numbers reported or reported as a range

Study characteristics to be extracted

Study characteristics that will be extracted will include (1) study ID (first author last name followed by year of 
publication with numerical suffix if more than one study was published by that name in that year, e.g. Name 2019 (1) 
and Name 2019 (2)); (2) study title and journal of publication; (3) model/organism; (4) lipid type investigated; (5) 
means of lipid and TDP-43 pathology measure (6) findings (outcome measure metrics and narrative summary of 
findings); (7) timing (e.g. developmental or pre-symptomatic); (8) sample size.

Statistical Analysis

Outcome measures will be plotted for each subgroup as detailed above. Each of the studies identified will be included 
on a forest plot. Given the possibility of variability in methodologies used for these studies a random effects model will 
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be used for analysis. Cell, animal, and human data will be treated separately. Where possible continuous variables will 
be compared as standardised mean differences (SMD) and survival as odds ratios. SMD will be compared using 
Hedges g statistic, to account for bias from small sample sizes. Survival summary measures and SMDs will be 
reported as odds ratios with 95% confidence intervals. Studies will also be coded into similar groups using qualitative 
methodologies. Where two or more studies have assessed the same quantitative variable, a quantitative analysis as 
described above will be conducted. All data will be made available at publication. Heterogeneity will be assessed for all 
quantitative outcome measures using I2 values, and a funnel plot and Egger’s regression test will be used to assess 
publication bias.

Conflicts of interest

Authors declare no conflicts of interest.

Funding

This project is funded by a University of Aberdeen Institute of Medical Sciences PhD studentship to TL, a NIH 
RO1/Research Project Grant (R01NS127186) to HS, a Royal Society grant to JMG (RGS\R1\221396) and a Target ALS 
Foundation grant to FMW (BB-2022-C4-L2).

References
Ahmed, R.M., Highton-Williamson, E., Caga, J., Thornton, N., Ramsey, E., Zoing, M., Kim, W.S., Halliday, G.M., Piguet, O., 
Hodges, J.R., Farooqi, I.S. & Kiernan, M.C. (2017). Lipid Metabolism and Survival Across the Frontotemporal Dementia-
Amyotrophic Lateral Sclerosis Spectrum: Relationships to Eating Behavior and Cognition. Journal of Alzheimer's 
Disease, 61(2), 773-783.

Angelova, P.R., Horrocks, M.H., Klenerman, D., Gandhi, S., Abramov, A.Y. & Shchepinov, M.S. (2015). Lipid peroxidation is 
essential for α‐synuclein‐induced cell death.  Journal of Neurochemistry, 133(4), 582-589.

Baillet, A., Chanteperdrix, V., Trocmé, C., Casez, P., Garrel, C. & Besson, G. (2010). The Role of Oxidative Stress in 
Amyotrophic Lateral Sclerosis and Parkinson’s Disease. Neurochemical research, 35(10), 1530-1537.

Burg, T. & Van Den Bosch, L. (2023). Abnormal energy metabolism in ALS: a key player?. Current opinion in neurology, 
36(4), 338–345.

Dorst, J., Kühnlein, P., Hendrich, C., Kassubek, J., Sperfeld, A.D. & Ludolph, A.C. (2011). Patients with elevated 
triglyceride and cholesterol serum levels have a prolonged survival in amyotrophic lateral sclerosis. Journal of 
neurology, 258(4), 613-617.

Dupuis, L., Oudart, H., René, F., de Aguilar, J.G., Loeffler, J. & Chambon, P. (2004). Evidence for Defective Energy 
Homeostasis in Amyotrophic Lateral Sclerosis: Benefit of a High-Energy Diet in a Transgenic Mouse Model. 
Proceedings of the National Academy of Sciences - PNAS, 101(30), 11159-11164.

https://dx.doi.org/10.17504/protocols.io.8epv5xk75g1b/v1


protocols.io | https://dx.doi.org/10.17504/protocols.io.8epv5xk75g1b/v1 June 3, 2024 8/12

Fayemendy, P., Marin, B., Labrunie, A., Boirie, Y., Walrand, S., Achamrah, N., Coëffier, M., Preux, P.M., Lautrette, G., 
Desport, J.C., Couratier, P. & Jésus, P. (2021). Hypermetabolism is a reality in amyotrophic lateral sclerosis compared 
to healthy subjects. Journal of the Neurological Sciences, 420, 117257.

Fergani, A., Oudart, H., Gonzalez De Aguilar, J., Fricker, B., René, F., Hocquette, J., Meininger, V., Dupuis, L. & Loeffler, J. 
(2007). Increased peripheral lipid clearance in an animal model of amyotrophic lateral sclerosis. Journal of Lipid 
Research, 48(7), 1571-1580.

Fu, X., He, Y., Xie, Y. & Lu, Z. (2023). A conjoint analysis of bulk RNA-seq and single-nucleus RNA-seq for revealing the 
role of ferroptosis and iron metabolism in ALS. Frontiers in neuroscience, 17, 1113216.
Ilieva, H., Vullaganti, M. & Kwan, J. (2023). Advances in molecular pathology, diagnosis, and treatment of amyotrophic 
lateral sclerosis. BMJ, 383, e075037.

Janse Van Mantgem, M.R., Van Eijk, R.P.A., Van Der Burgh, H.K., Tan, H.H.G., Westeneng, H.J., Van Es, M.A., Veldink, 
J.H. & Van Den Berg, L.H. (2020). Prognostic value of weight loss in patients with amyotrophic lateral sclerosis: A 
population-based study. Journal of Neurology, Neurosurgery and Psychiatry, 91(8), 867-875.

Kim, S., Kim, H., Kim, J., Park, K.S., Sung, J., Kim, S.H. & Lee, K. (2011). Amyotrophic Lateral Sclerosis Is Associated 
with Hypolipidemia at the Presymptomatic Stage in Mice. PLoS ONE, 6(3), e17985.

Liao, Y.Z., Ma, J. & Dou, J.Z. (2022). The Role of TDP-43 in Neurodegenerative Disease. Molecular neurobiology, 59(7), 
4223–4241.

Ludtmann, M.H.R., Angelova, P.R., Horrocks, M.H., Choi, M.L., Rodrigues, M., Baev, A.Y., Berezhnov, A.V., Yao, Z., Little, D., 
Banushi, B., Al-Menhali, A.S., Ranasinghe, R.T., Whiten, D.R., Yapom, R., Dolt, K.S., Devine, M.J., Gissen, P., Kunath, T., 
Jaganjac, M., Pavlov, E.V., Klenerman, D., Abramov, A.Y. & Gandhi, S. (2018). α-synuclein oligomers interact with ATP 
synthase and open the permeability transition pore in Parkinson’s disease. Nature Communications, 9(1), 2293-16.

Majumder, V., Gregory, J.M., Barria, M.A., Green, A. & Pal, S. (2018). TDP-43 as a potential biomarker for amyotrophic 
lateral sclerosis: A systematic review and meta-analysis. BMC Neurology, 18(1), 90.

Mukhamedyarov, M.A., Khabibrakhmanov, A.N., Khuzakhmetova, V.F., Giniatullin, A.R., Zakirjanova, G.F., Zhilyakov, N.V., 
Mukhutdinova, K.A., Samigullin, D.V., Grigoryev, P.N., Zakharov, A.V., Zefirov, A.L. & Petrov, A.M. (2023). Early Alterations 
in Structural and Functional Properties in the Neuromuscular Junctions of Mutant FUS Mice. International Journal of 
Molecular Sciences, 24(10), 9022.

Ngo, S.T., van Eijk, R.P.A., Chachay, V., van den Berg, L.H., McCombe, P.A., Henderson, R.D. & Steyn, F.J. (2019). Loss of 
appetite is associated with a loss of weight and fat mass in patients with amyotrophic lateral sclerosis. Amyotrophic 
Lateral Sclerosis and Frontotemporal Degeneration, 20(7-8), 497-505.

Peng, J., Pan, J., Mo, J. & Peng, Y. (2022). MPO/HOCl Facilitates Apoptosis and Ferroptosis in the SOD1G93A Motor 
Neuron of Amyotrophic Lateral Sclerosis. Oxidative medicine and cellular longevity, 2022, 1-19.

https://dx.doi.org/10.17504/protocols.io.8epv5xk75g1b/v1


protocols.io | https://dx.doi.org/10.17504/protocols.io.8epv5xk75g1b/v1 June 3, 2024 9/12

Phan, K., He, Y., Bhatia, S., Pickford, R., Mcdonald, G., Mazumder, S., Timmins, H.C., Hodges, J.R., Piguet, O., Dzamko, N., 
Halliday, G.M., Kiernan, M.C. & Kim, W.S. (2023). Multiple pathways of lipid dysregulation in amyotrophic lateral 
sclerosis. Brain Communications, 5(1), fcac340.

Shibata, N., Nagai, R., Uchida, K., Horiuchi, S., Yamada, S., Hirano, A., Kawaguchi, M., Yamamoto, T., Sasaki, S. & 
Kobayashi, M. (2001). Morphological evidence for lipid peroxidation and protein glycoxidation in spinal cords from 
sporadic amyotrophic lateral sclerosis patients. Brain research, 917(1), 97-104.

Simpson, E.P., Henry, Y.K., Henkel, J.S., Smith, R.G. & Appel, S.H. (2004). Increased lipid peroxidation in sera of ALS 
patients: A potential biomarker of disease burden. Neurology, 62(10), 1758-1765.

Tamaki, Y. & Urushitani, M. (2022). Molecular Dissection of TDP-43 as a Leading Cause of ALS/FTLD. International 
journal of molecular sciences, 23(20), 12508.

Xu, L., Liu, T., Liu, L., Yao, X., Chen, L., Fan, D., Zhan, S. & Wang, S. (2020). Global variation in prevalence and incidence of 
amyotrophic lateral sclerosis: a systematic review and meta-analysis. Journal of neurology, 267(4), 944-953.

Yang, J.W., Kim, S., Kim, H., Kim, J., Park, K.S., Kim, S., Lee, K. & Sung, J. (2013). Hypolipidemia in Patients with 
Amyotrophic Lateral Sclerosis: A Possible Gender Difference?. Journal of Clinical Neurology, 9(2), 125-129.

https://dx.doi.org/10.17504/protocols.io.8epv5xk75g1b/v1


protocols.io | https://dx.doi.org/10.17504/protocols.io.8epv5xk75g1b/v1 June 3, 2024 10/12

Protocol references
Ahmed, R.M., Highton-Williamson, E., Caga, J., Thornton, N., Ramsey, E., Zoing, M., Kim, W.S., Halliday, G.M., Piguet, O., 
Hodges, J.R., Farooqi, I.S. & Kiernan, M.C. (2017). Lipid Metabolism and Survival Across the Frontotemporal Dementia-
Amyotrophic Lateral Sclerosis Spectrum: Relationships to Eating Behavior and Cognition. Journal of Alzheimer's 
Disease, 61(2), 773-783.

Angelova, P.R., Horrocks, M.H., Klenerman, D., Gandhi, S., Abramov, A.Y. & Shchepinov, M.S. (2015). Lipid peroxidation is 
essential for α‐synuclein‐induced cell death.  Journal of Neurochemistry, 133(4), 582-589.

Baillet, A., Chanteperdrix, V., Trocmé, C., Casez, P., Garrel, C. & Besson, G. (2010). The Role of Oxidative Stress in 
Amyotrophic Lateral Sclerosis and Parkinson’s Disease. Neurochemical research, 35(10), 1530-1537.

Burg, T. & Van Den Bosch, L. (2023). Abnormal energy metabolism in ALS: a key player?. Current opinion in neurology, 
36(4), 338–345.

Dorst, J., Kühnlein, P., Hendrich, C., Kassubek, J., Sperfeld, A.D. & Ludolph, A.C. (2011). Patients with elevated 
triglyceride and cholesterol serum levels have a prolonged survival in amyotrophic lateral sclerosis. Journal of 
neurology, 258(4), 613-617.

Dupuis, L., Oudart, H., René, F., de Aguilar, J.G., Loeffler, J. & Chambon, P. (2004). Evidence for Defective Energy 
Homeostasis in Amyotrophic Lateral Sclerosis: Benefit of a High-Energy Diet in a Transgenic Mouse Model. 
Proceedings of the National Academy of Sciences - PNAS, 101(30), 11159-11164.

Fayemendy, P., Marin, B., Labrunie, A., Boirie, Y., Walrand, S., Achamrah, N., Coëffier, M., Preux, P.M., Lautrette, G., 
Desport, J.C., Couratier, P. & Jésus, P. (2021). Hypermetabolism is a reality in amyotrophic lateral sclerosis compared 
to healthy subjects. Journal of the Neurological Sciences, 420, 117257.

Fergani, A., Oudart, H., Gonzalez De Aguilar, J., Fricker, B., René, F., Hocquette, J., Meininger, V., Dupuis, L. & Loeffler, J. 
(2007). Increased peripheral lipid clearance in an animal model of amyotrophic lateral sclerosis. Journal of Lipid 
Research, 48(7), 1571-1580.

Fu, X., He, Y., Xie, Y. & Lu, Z. (2023). A conjoint analysis of bulk RNA-seq and single-nucleus RNA-seq for revealing the 
role of ferroptosis and iron metabolism in ALS. Frontiers in neuroscience, 17, 1113216.
Ilieva, H., Vullaganti, M. & Kwan, J. (2023). Advances in molecular pathology, diagnosis, and treatment of amyotrophic 
lateral sclerosis. BMJ, 383, e075037.

Janse Van Mantgem, M.R., Van Eijk, R.P.A., Van Der Burgh, H.K., Tan, H.H.G., Westeneng, H.J., Van Es, M.A., Veldink, 
J.H. & Van Den Berg, L.H. (2020). Prognostic value of weight loss in patients with amyotrophic lateral sclerosis: A 
population-based study. Journal of Neurology, Neurosurgery and Psychiatry, 91(8), 867-875.

Kim, S., Kim, H., Kim, J., Park, K.S., Sung, J., Kim, S.H. & Lee, K. (2011). Amyotrophic Lateral Sclerosis Is Associated 
with Hypolipidemia at the Presymptomatic Stage in Mice. PLoS ONE, 6(3), e17985.

https://dx.doi.org/10.17504/protocols.io.8epv5xk75g1b/v1


protocols.io | https://dx.doi.org/10.17504/protocols.io.8epv5xk75g1b/v1 June 3, 2024 11/12

Liao, Y.Z., Ma, J. & Dou, J.Z. (2022). The Role of TDP-43 in Neurodegenerative Disease. Molecular neurobiology, 59(7), 
4223–4241.

Ludtmann, M.H.R., Angelova, P.R., Horrocks, M.H., Choi, M.L., Rodrigues, M., Baev, A.Y., Berezhnov, A.V., Yao, Z., Little, D., 
Banushi, B., Al-Menhali, A.S., Ranasinghe, R.T., Whiten, D.R., Yapom, R., Dolt, K.S., Devine, M.J., Gissen, P., Kunath, T., 
Jaganjac, M., Pavlov, E.V., Klenerman, D., Abramov, A.Y. & Gandhi, S. (2018). α-synuclein oligomers interact with ATP 
synthase and open the permeability transition pore in Parkinson’s disease. Nature Communications, 9(1), 2293-16.

Majumder, V., Gregory, J.M., Barria, M.A., Green, A. & Pal, S. (2018). TDP-43 as a potential biomarker for amyotrophic 
lateral sclerosis: A systematic review and meta-analysis. BMC Neurology, 18(1), 90.

Mukhamedyarov, M.A., Khabibrakhmanov, A.N., Khuzakhmetova, V.F., Giniatullin, A.R., Zakirjanova, G.F., Zhilyakov, N.V., 
Mukhutdinova, K.A., Samigullin, D.V., Grigoryev, P.N., Zakharov, A.V., Zefirov, A.L. & Petrov, A.M. (2023). Early Alterations 
in Structural and Functional Properties in the Neuromuscular Junctions of Mutant FUS Mice. International Journal of 
Molecular Sciences, 24(10), 9022.

Ngo, S.T., van Eijk, R.P.A., Chachay, V., van den Berg, L.H., McCombe, P.A., Henderson, R.D. & Steyn, F.J. (2019). Loss of 
appetite is associated with a loss of weight and fat mass in patients with amyotrophic lateral sclerosis. Amyotrophic 
Lateral Sclerosis and Frontotemporal Degeneration, 20(7-8), 497-505.

Peng, J., Pan, J., Mo, J. & Peng, Y. (2022). MPO/HOCl Facilitates Apoptosis and Ferroptosis in the SOD1G93A Motor 
Neuron of Amyotrophic Lateral Sclerosis. Oxidative medicine and cellular longevity, 2022, 1-19.

Phan, K., He, Y., Bhatia, S., Pickford, R., Mcdonald, G., Mazumder, S., Timmins, H.C., Hodges, J.R., Piguet, O., Dzamko, N., 
Halliday, G.M., Kiernan, M.C. & Kim, W.S. (2023). Multiple pathways of lipid dysregulation in amyotrophic lateral 
sclerosis. Brain Communications, 5(1), fcac340.

Shibata, N., Nagai, R., Uchida, K., Horiuchi, S., Yamada, S., Hirano, A., Kawaguchi, M., Yamamoto, T., Sasaki, S. & 
Kobayashi, M. (2001). Morphological evidence for lipid peroxidation and protein glycoxidation in spinal cords from 
sporadic amyotrophic lateral sclerosis patients. Brain research, 917(1), 97-104.

Simpson, E.P., Henry, Y.K., Henkel, J.S., Smith, R.G. & Appel, S.H. (2004). Increased lipid peroxidation in sera of ALS 
patients: A potential biomarker of disease burden. Neurology, 62(10), 1758-1765.

Tamaki, Y. & Urushitani, M. (2022). Molecular Dissection of TDP-43 as a Leading Cause of ALS/FTLD. International 
journal of molecular sciences, 23(20), 12508.

Xu, L., Liu, T., Liu, L., Yao, X., Chen, L., Fan, D., Zhan, S. & Wang, S. (2020). Global variation in prevalence and incidence of 
amyotrophic lateral sclerosis: a systematic review and meta-analysis. Journal of neurology, 267(4), 944-953.

Yang, J.W., Kim, S., Kim, H., Kim, J., Park, K.S., Kim, S., Lee, K. & Sung, J. (2013). Hypolipidemia in Patients with 
Amyotrophic Lateral Sclerosis: A Possible Gender Difference?. Journal of Clinical Neurology, 9(2), 125-129.

https://dx.doi.org/10.17504/protocols.io.8epv5xk75g1b/v1


protocols.io | https://dx.doi.org/10.17504/protocols.io.8epv5xk75g1b/v1 June 3, 2024 12/12

https://dx.doi.org/10.17504/protocols.io.8epv5xk75g1b/v1

