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TBK1 is associated with ALS and ALS-FTD in Sardinian patients

Giuseppe Borghero, Maura Pugliatti, [...], and Adriano Chiòg

Abstract

Recently, mutations in the TANK-binding kinase 1 (TBK1) gene were identified as a cause for amyotrophic lateral sclerosis (ALS) with or

without comorbid frontotemporal dementia. We have assessed the frequency and clinical characteristics of TBK1 mutations in a cohort of ALS

patients of Sardinian ancestry. Whole-exome sequencing was performed on Hiseq2000 platform (Illumina). Genome analysis Toolkit was used to

align and to code variants according to Human Genome (UCSC hg19). Mutation was confirmed with Sanger sequence. In our screening of 186

Sardinian ALS cases, we found 3 (1.6%) patients carrying 3 distinct novel genetic variants: a nonsynonymous SNV c.1150C>T leading to a

p.Arg384Thr change in exon 9; a nonsynonymous SNV c.1331G>A causes a p.Arg444Gln change in exon 11; and a frameshift deletion

c.2070delG (p.Met690fs) at the exon 20 of the gene leading to a stop at 693 codon. The latter patients also carried missense mutation c.98C>T of

the SQSTM1 gene causing a substitution of an arginine with a valine at the position 33 (p.Arg33Val). All variants were found to be deleterious

according to in silico predictions. All cases were apparently sporadic and one of them showed frontotemporal dementia associated to ALS. These

mutations were not found in 2 cohorts of 6780 ethnic-matched controls. We have found that TBK1 mutations account for 1.6% of Sardinian ALS

cases. Our data support the notion that TBK1 is a novel ALS gene, providing important evidence complementary to the first descriptions.

1. Introduction

Amyotrophic lateral sclerosis (ALS) is a degenerative disorder of the central nervous system involving the motor system, namely spinal, bulbar

and cortical motor neurons, and, in a subset of cases, frontal cognitive function (frontotemporal dementia, [FTD]).

Most cases of ALS appear sporadically in the community, whereas 10%e15% of patients report a family history for ALS, FTD, or both. To date,

the genetic etiology of two-thirds of familial cases and about 11% of sporadic ALS cases has been determined with mutations in C9ORF72,

SOD1, TARDBP, and FUS being the most common (Renton et al., 2014).

Recently, mutations in the TANK-binding kinase 1 (TBK1) gene were identified as a cause for ALS using exome sequencing tech-niques in a

large series of ALS patients (Cirulli et al., 2015). Loss of function and missense mutations and in-frame deletions of TBK1 were subsequently

detected in patients with ALS and ALS-FTD (Freischmidt et al., 2015) and in patients with pure FTD (Pottier et al., 2015).

The aim of this article is to report the frequency and the clinical characteristics of TBK1 mutations in a cohort of ALS patients of Sardinian

ancestry.

2. Methods

2.1. Patients

Whole-exome sequencing was performed in 190 ALS patients and 84 healthy controls of Sardinian ancestry. Cases were collected through the

SARDINIALS consortium, a collaborative group involving the neurological departments of Sardinia, and the ITALSGEN con-sortium, which

involves 20 ALS centers throughout Italy.

Controls were identified by the Neurology Department of the University of Cagliari. Both cases and controls had to be Sardinian for at least 2

generations to be included in the study.

After the identification of the 3 novel variants of TBK1, which were not present in the controls who underwent exome sequencing, we wanted to

confirm the absence of these variants in a larger series of controls. Therefore, we Sanger sequenced the 3 variants in a further series of 94 novel

healthy controls recruited by the Neurology Department of the University of Cagliari. To further evaluate the frequency of the identified TBK1

variants in the general Sardinian population, we queried whole genome sequence data generated for a cohort of the 6602 subjects enrolled in the

SardiNIA study (Pilia et al., 2006; Sidore et al., 2015)

2.2. Genetic analysis

DNA was enriched using either Nextera or Truseq Exome target enrichment technology according to the manufacturer’s protocol (Illumina, San

Diego, CA, USA). Whole-exome sequencing was performed on Hiseq2000 platform (Illumina) according to pro-ducer’s protocols. Each sample

generated approximately 8.0Gb of sequences. Genome analysis Toolkit (http://www.brodinstitute.org/gatk/) was used to align and to code

variants according to Human Genome (UCSC hg19) following best practices (McKenna et al., 2010).

Annovar software (Wang et al., 2010) was used for functional annotation of TBK1 genetic region against different public data-bases (human

sequence reference Hg19; ESP6500 build October 2014; db SNP138; ExAc release 02; Clinical Variant database, release 29th September, 2014).

http://www.brodinstitute.org/gatk/
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Sorting Intolerant from Tolerant (SIFT) (http://sift.jcvi.org/), PolyPhen2 (http://genetics.bwh.harvard.edu/pph2/), and MutationTaster

(http://www.mutationtaster.org/) were used to assess the functional effect of the missense mutations on TBK1 protein.

Sanger sequence confirmation was performed using polymerase chain reaction custom primers and BigDye termination v.1.1 (Life Technologies)

technologies according to standard protocol. Sequencing products were separated using 3130 Genetic Analyzer (Life Technologies), and

sequences were analyzed using SeqScape v2.6.

We screened the exome sequence data for other ALS-related genes for mutations in those patients who carried the mutations of the TBK1 gene.

A list of genes is reported in Supplementary Data. Also, C9ORF72 GGGGCC repeats were searched for using standard procedures (Chiò et al.,

2012); a number of repeats !30 was considered pathological.

2.3. Standard protocol approvals and patient consents

The study was approved by the ethical committees of the recruiting centers. All patients and controls signed a written informed consent.

Databases were treated according to the Italian regulations for privacy.

3. Results

In our screening of 186 Sardinian ALS cases, we found 3 patients carrying 3 distinct genetic variants in TBK1 (Table 1, Fig. 1). None of these

mutations have been previously reported in the literature. The mutations were not found in the 6780 ethnic-matched controls. The first is a

nonsynonymous SNV c.1150C>T leading to a p.Arg384Thr change in exon 9. The second is a nonsynonymous SNV c.1331G>A causes a

p.Arg444Gln change in exon 11. The third is a frameshift deletion c.2070delG (p.Met690fs) at the exon 20 of the gene leading to a stop at 693

codon. The patients carrying the frameshift deletion also had the missense mutation c.98C>T of the SQSTM1 gene causing a substitution of an

arginine with a valine at the position 33 (p.Arg33Val). The other patients did not carry mutations in any other ALS-related genes. In silico

predictions using SIFT, PolyPhen2, and MutationTaster show both missense variants to be deleterious (p.Arg384Thr: SIFT score 0.02,

PolyPhen2 score 1.0, and MutationTaster score 101; p.Arg444Gln: SIFT score 0.02, PolyPhen2 score 0.99, and MutationTaster score 43).

Fig. 1.

Sanger sequencing traces of the three identified variants of TBK1 gene

Table 1.

Mutations of TBK1 gene detected in Sardinian ALS cases

A frameshift insertion c.1330dupC (p.I1443fs) in the exon 11 of the TBK1 gene has been found both in an ALS case and in a control.

3.1. Case description

3.1.1. Case 1 The patient presented a rapidly progressive lower limb weak-ness with frequent falls. The weakness extended to upper limbs within

2 months. At the time of diagnosis, 6 months after the clinical onset, she had both upper and lower motor signs and dysarthria. Electromyography

(EMG) showed acute and chronic denervation, and motor-evoked potentials were consistent with corticospinal pathways involvement. Cognition

was normal. She was diagnosed with definite ALS according to the El Escorial revised criteria (Brooks et al., 2000). She underwent noninvasive

ventilation 4 months later and died 19 months after symptom onset because of respiratory failure. Her father had Parkinson’s disease, and her son

has a cervical dystonia. She carried the p.Arg384Thr missense mutation of the TBK1 gene. DNA was not available to test for the presence of the

mutation in the father or son.

3.1.2. Case 2 At 72 years of age, the patient developed left hand weakness, rapidly spreading to involve the right hand and lower limbs. His

family members reported narrowing of interests, distractibility, poor short-term memory, and difficulties in recognizing other persons before the

onset of his motor symptoms. Neuropsychological examination confirmed the presence of frontotemporal cognitive disturbances. He had brisk

reflexes, bilateral Hoffmann sign, and hypophonia. EMG showed diffuse active and chronic denervation, and he was diagnosed as definite ALS

with behavioral FTD. His motor signs and cognitive dysfunction worsened in the next few months, and he died 10 months after motor symptom

onset. There was no family history of ALS or other neurological disorders. He carried the p.Arg444Gln missense mutation of the TBK1 gene.

http://sift.jcvi.org/
http://genetics.bwh.harvard.edu/pph2/
http://www.mutationtaster.org/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8961272/table/T1/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8961272/figure/F1/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8961272/figure/F1/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8961272/figure/F1/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8961272/table/T1/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8961272/table/T1/?report=objectonly
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3.1.3. Case 3 This 66-year-old woman presented with progressive difficulties in walking and frequent falls because of foot drop. At diagnosis,

she was weak in both lower limbs and had bilateral hand muscle wasting. Reflexes were brisk. She was cognitively normal. EMG revealed

generalized active and chronic denervation. In the following years, she manifested progressive upper and lower limb weakness, mild dysphagia,

and dysarthria. She is still alive, 104 months after ALS onset, and uses noninvasive ventilation (14 h/d). She did not have family history of ALS

or other neurological disorders. She carries both a frameshift deletion p.Met690fs at exon 20 of TBK1 and a p.Arg33Val missense mutation of

SQSTM1.

4. Discussion

TBK1 has been recently reported as a novel gene related to both ALS and FTD (Cirulli et al., 2015; Freischmidt et al., 2015; Pottier et al., 2015).

We found that mutations of this gene are also present in the isolated population of Sardinia, where they have been detected in 1.6% of cases. This

is similar to the frequency of TARDBP mutations in the Italian ALS population (Chiò et al., 2012). These mutations were not detected in the 2

cohorts of Sardinian controls, made up of a total of 6780 Sardinian subjects. All mutated cases were apparently sporadic, meaning that it was not

possible to demonstrate segregation of the mutation with disease within a family. The apparent sporadic nature of these cases supports the

hypothesis that TBK1 mutations have reduced penetrance. In addition, the p.Arg444Gln missense mutation is reported in the ExAC database to

have an allele frequency of 0.00004156, an observation that may also point to reduced penetrance. In light of this, mutational screening of

additional cohorts is required to definitively prove the pathogenicity of this variant.

Mutations of the TBK1 gene have been so far reported in patients with ALS, ALS-FTD, and FTD of Caucasian ancestry (Cirulli et al., 2015;

Freischmidt et al., 2015; Pottier et al., 2015). Our data also show the phenotype associated with TBK1 mutations to be het-erogeneous, including

cognitive impairment, and a variable clinical course ranging from 10 months to more than 8 years. TBK1 gene duplications are also involved in

normal tension and open angle glaucoma with a mechanism involving the binding of TBK1 protein with optineurin (OPTN).

One of our Sardinian ALS patients carried a frameshift deletion p.Met690fs of TBK1 and a p.Arg33Val missense mutation of the SQSTM1 gene.

This second mutation has been previously reported in 1 familial ALS and 2 sporadic ALS patients (Fecto et al., 2011) and is located in the Src

homology 2ebinding domain of the SQSTM1 protein. TBK1 phosphorylates p62/SQSTM1 at serine 403, increasing the affinity between p62 and

polyubiquitin chain, thereby allowing efficient targeting of polyubiquitinated proteins to autophagosomes (Matsumoto et al., 2011). Although

this mutation has not being found in our Sardinian controls, it is reported with a frequency of 0.001207 in ExAC, making it difficult to interpret

its pathogenicity. However, interestingly enough, it has been described that TBK1 coordinates assembly and function of the autophagic

machinery by phosphorylating the autophagic adaptor p62 (SQSTM1) on Ser403, a residue essential for its role in autophagic clearance

(Matsumoto et al., 2011; Pilli et al., 2012).

We have found TBK1 mutations in 1.6% of Sardinian ALS cases. Our data thus support the hypothesis that TBK1 is a novel ALS gene.
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