
Figure 3 : Exemples of Sanger validation of the NEK1 variants. The index patient harbouring the E84V variant carries also a SOD1 mutation. Both mutations
were found in her affected sister (*).
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NEK1 VARIANTS IN FRENCH PATIENTS WITH SPORADIC AND FAMILIAL AMYOTROPHIC LATERAL SCLEROSIS.

Amador M (1,2), Bernard E (3), de la Cruz E (4), Corcia P (5), Couratier P (6), Bruneteau G (2), Salachas S (2), Seilhean D (7), Millecamps S (1).

Variants in NEK1 (NIMA-related kinase 1) are associated with amyotrophic lateral sclerosis (ALS) (1-3). NEK1 encodes a multifunctional serine/threonine kinase involved in key cellular processes, including DNA damage response,
mitochondrial homeostasis, and microtubule dynamics. Identified in both sporadic and familial ALS cases, the precise contribution of NEK1 variants as genetic risk factors or causal mutations remains to be fully elucidated (3). In this study,
we aimed to characterize the NEK1 variants identified in a large French cohort of ALS patients.
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Background:

I. NEK1 variants identified in the French cohort of ALS patients

Figure 1 : Representation of the NEK1 protein (Q96PY6) showing the positions of the variants found in French ALS 
patients. Rare missense variants are shown in orange, rare loss-of-function (LoF) variants are shown in violet, and 
frequent variants are shown in blue. Adapted from https://ibs.renlab.org

IV. Clinical characteristics of ALS patients with NEK1 variants

Conclusion :

Benign

III. Prediction of pathogenicity of the identified NEK1 variants

Figure 3 : Pathogenicity predictions of the variants of interest. Predictions were made using Alamut Visual Plus
software and AlphaMissense (https://alphamissense.hegelab.org). * Validated in Sanger. Alt. Allel: Allele alternative 
frequency in gnomAD v.4.1.0. for European non finnish population. D: Deleterious, T: Tolerated, B: Benign. LP: likely 
pathogenic, LB: likely benign, A: Ambigous. ALPH: AlphaMissense. NA: not available.

Material and methods:

Figure 4 : Clinical presentation of the patients and other variants found in the ALS patients.

Rare and frequent variants found in our ALS patients' population. * : Sanger’ validated variants. ALS : Familial
history of ALS, Fam : familial ALS, Spo : sporadic ALS. M : Male, F : Female. UL : Upper Limbs, LL / Lower Limbs.
Disease duration in months. NA : non available.

Results :

II. Sanger validation and pedigree of the NEK1 p.E84V index case
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Blood samples were collected between 1994 and 2024 across 22 French ALS Reference Centers. The cohort comprised 550 ALS patients (300 familial index cases and 250 sporadic cases), all negative for C9orf72 repeat expansions. Whole-
exome sequencing (WES) was performed using standard protocols. WES data were screened for NEK1 variants with a minor allele frequency (MAF) < 0.005% in dbSNP and gnomAD databases (1). Clinical data were retrieved from medical 
records.
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Discussion :

• We found rare NEK1 variants in French ALS patients in a proportion similar to that observed in other European
cohorts (2,3). Interestingly, the already described predominance of upper limb onset was observed among carriers
of rare variants (3), suggesting a potential clinical characteristic associated with NEK1 dysfunction.

• The NEK1 p.E84V case, as well as his affected sister, carried also another pathogenic variant, in the SOD1 gene. The
observed discordance in survival: fast progressing disease in the brother and slow progressive disease in the sister,
can therefore not explained by this genotypes.

• The coexistence of both rare truncating and missense variants, as well as the double mutations found in some
patients support the hypothesis that NEK1 contributes to ALS susceptibility, probably to a variable extend
depending on the variant. The presence of NEK1 variants in patients also carrying other ALS-related mutations (e.g.,
SOD1, FUS) highlights the complexity of ALS genetics and supports a possible oligogenic model, where multiple
variants contribute to disease risk and heterogeneity.

• Further functional studies are needed to clarify the impact of specific NEK1 variants on its expression, splicing,
kinase activity and its cellular consequences. Expanding genetic analyses to larger cohorts and study of biosamples
of affected carriers will be essential to better define the pathogenicity of NEK1 variants and its possible interaction
with other ALS genes.

Rare NEK1 variants are present in the French ALS population at a frequency comparable to that reported in
other cohorts (2-4). Upper limb onset appears to be more frequently associated with NEK1 variants. Further
research is warranted to clarify the functional impact of these variants, and the role of NEK1 in the complex
genetic landscape of ALS.
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Rare NEK1 variants are present in the French ALS population at a frequency comparable to that reported in other cohorts [3]. Upper limb onset appears to be 
more frequently associated with NEK1 variants. Further research is warranted to clarify the role of NEK1 in the complex genetic landscape of ALS.

Results :

• We identified:
• 15 rare NEK1 variants in 17/550 patients (4,7% in familial cases and 1,2% in sporadic cases)
• 3 frequent variants in 7 patients, predominantly sporadic cases.

• For the rare variants: Twelve (80%), have not been reported in the literature. Five (33%) lead to a loss-of-function.
• Of the 17 patients with rare variants:

• Four were females (23%), 14 (82%) had a familial history of ALS.
• Age at onset ranged from 21 to 76 years, mean: 55 years; versus a mean age of 60 years for patients with

frequent variants (26-77).
• Fifteen patients (88%) exhibited spinal onset, with upper-limbs onset being the most frequent site of onset

(71%). Two patients had bulbar onset (males, mean onset age: 50 years).
• Disease duration ranged from 7 months to 16 years, with most patients displaying typical survival patterns,

mean duration: 48 months; versus mean duration of 60 months for patients with frequent variants (14-260).
• Two patients carried an additional pathogenic variant in an ALS gene (SOD1 or FUS respectively).

Discussion :

Figure 2 : Sanger validation and pedigree of the NEK1 p.E84V index case. The index patient harbouring
the E84V variant carries also a SOD1 mutation we reported in Millecamps et al. (12). Both mutations were
found in her affected sister (*).
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