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Novel TARDBP mutations in Nordic ALS patients

Huei-Hsin Chiang1, Peter M Andersen2, Ole-Bjørn Tysnes3, Ole Gredal4, Peter B Christensen5

and Caroline Graff1,6

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative syndrome primarily affecting the upper and lower motor neurons.

A characteristic neuropathological finding in ALS patients is neuronal inclusions positive for TAR DNA-binding protein 43

(TDP-43). Subsequently, mutations in the gene encoding TDP-43, TARDBP, proved to be involved in the development of ALS.

We thus sequenced TARDBP in 177 Nordic ALS patients and found two previously reported (p.A90V and p.S379P) and two

novel (p.G357R and p.R361T) missense variations in three familial ALS patients. The p.A90V and p.G357R variations were

detected in the same patient and p.R361T was present in a family with both ALS and frontotemporal dementia-ALS. None of

the missense variations were present in 200 neurologically healthy controls. However, p.A90V has also been reported in healthy

individuals by others. Thus, the data suggest that these variations are rare and p.G357R, p.R361T and p.S379P are likely

pathogenic but further functional characterization is needed to prove their pathogenicity. The mutation frequency in TARDBP in

Nordic ALS patients was 1.7%. The ALS cohort was highly selected for a positive family history suggesting that mutations in

TARDBP generally are a rare cause of ALS in Nordic countries.
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INTRODUCTION

Amyotrophic lateral sclerosis (ALS) is a heterogeneous group of
neurodegenerative conditions which primarily affects the upper and/
or lower motor neurons and their supporting cells.1,2 However, ALS is
often associated with cognitive impairment, which mainly includes
executive functional behavior, verbal fluency and/or semantic
functions indicating non-motor dysfunctions of the fronto-temporal
lobes.1–4 Depending on the neuropsychological tests used and the
patient cohort, such cognitive impairments have been reported in a
third to half the cases, and 5–15% of all ALS cases meet the diagnostic
criteria for frontotemporal dementia (FTD).3,5 The cognitive
dysfunction may precede, follow or develop in parallel with the
onset of motor symptoms. In all, 4–18% of all ALS patients have a
self-reported family predisposition for the disease (FALS) with a mean
age at onset between 48 and 52 years. This is about 10 years earlier
than the mean age at onset in patients with SALS (sporadic ALS).1,2

In 2006, reports on neuronal inclusions immunoreactive for
truncated, hyperphosphorylated and ubiquitinated TAR DNA-binding
protein 43 (TDP-43) in ALS and FTD patients gave reason to believe
that mutations in the gene encoding TDP-43, TARDBP, could cause
ALS and FTD.6,7 Shortly after, studies found mutations segregating
with disease, and functional studies supported a role for TDP-43 in
motor neuron death.8–11 To date, 45 TARDBP mutations have been
reported in ALS patients (http://alsod.iop.kcl.ac.uk, http://bioinfo.hr/

pro-mine/), the majority located in the glycine-rich region of exon 6.
Furthermore, although rare, mutations in TARDBP have also been
detected in patients with FTD-ALS and FTD.12–14 To determine the
mutation frequency in TARDBP in the Nordic population, we
sequenced 177 patients with ALS.

MATERIALS AND METHODS

Subjects
Genomic DNA from 177 patients diagnosed with ALS were selected from the

ALS Biobank at Umeå University, Sweden. Preference was given to patients

with a family history for ALS and/or dementia. In all, 30 patients were

diagnosed as SALS and 147 patients were FALS with at least one more affected

family member within three generations. Patients diagnosed as SALS did not

fulfill the criteria for FALS or there was no information about the family

history. Demographic data of the study cohort is summarized in Table 1. The

ALS diagnosis was based on the El Escorial criteria.15 The diagnosis of ALS did

not include systematic characterization of neuropsychological function. All

patients had previously been screened negative for mutations in the genes

superoxide dismutase 1 (SOD1), angiogenin (ANG), optineurin (OPTN),

vesicle-associated membrane protein-associated protein b (VAPB) and

progranulin (GRN). The control population consisted of 200 individuals

with mini mental state examination scoresX28 and without neurodegenerative

diseases recruited from the Swedish National study on Aging and Care (http://

www.snac-k.se/). When possible, DNA from blood relatives to the patients

with a TARDBP variation were included for segregation analysis. This study
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was performed according to the tenants of the Declaration of Helsinki and

with written informed consent for all participants and approval by local ethical

review boards.

Mutation screening
TARDBP was screened for mutations by sequencing exons 1–5 and at least 20

flanking intronic nucleotides at the intron–exon boundaries. For exon 6, the

coding region and approximately the first 780 bp of the 30UTR were sequenced

in all samples. Thereby, all known TDP-43 isoforms were screened for

mutations. We also sequenced an additional approximately 840bp downstream

of position 780 bp in the 30UTR in 120 patients. DNA was amplified using

AmpliTaq Gold PCR Master Mix (Applied Biosystems, Branchburg, NJ, USA).

The exons were sequenced in both directions with BigDye Terminator v3.1

Cycle Sequencing Kit (Applied Biosystems, Austin, TX, USA) and analyzed on

an ABI 3100 genetic analyzer. Primer sequences and PCR conditions are

available upon request.

In silico analysis
The detected variations’ effect on splicing were analyzed by using the programs

NetGene2 Server (http://www.cbs.dtu.dk/services/NetGene2/), Human Splicing

Finder (http://www.umd.be/HSF/), GeneSplicer (http://cbcb.umd.edu/software/

GeneSplicer/) and NNSPLICE (http://www.fruitfly.org/seq_tools/splice.html).

The prediction programs PolyPhen (http://genetics.bwh.harvard.edu/pph/

index.html) and SNAP (http://www.rostlab.org/services/SNAP/) were used to

elucidate the missense variations’ effect on protein structure and function. For

all prediction programs the default settings were used.

RESULTS

Clinical summary and segregation analysis for the detected
variations
Nine genetic variations, four missense (p.A90V, p.G357R, p.R361T
and p.S379P) and five non-coding (c.543þ 59A4G, c.*208G4A,
c.*620A4G, c.*1008T4G and c.*1622A4T), and previously
reported common single nucleotide polymorphisms (data not shown)
were detected and are summarized in Table 2. A complete clinical
description of the patients carrying the potentially pathogenic coding
and non-coding variations and their family members can be found in
the Supplementary text 1. A summary of the clinical information for
the patients who carried the missense variations is presented in
Table 3. Neuropathology was not available for any of patients with a
detected variation.

The missense variations p.A90V and p.G357R were present in the
same patient, 1:A, who developed bulbar onset ALS with dysarthria at
age 67 years. A few months later, the patient developed muscle
wasting and paresis in all four extremities. There were no signs of
cognitive dysfunctions. The patient died of respiratory insufficiency
26 months after onset of symptoms. As patient 1:A was compound
heterozygous for the variations p.A90V and p.G357R, we performed a
haplotype analysis in six healthy family members, of whom four were
above the age of 70 years. The data showed that the two variations
were not present on the same chromosome. Two relatives between
ages 50 and 70 years carried one of the variations and there was one
healthy family member above 70 years who carried both missense
variations. Unfortunately, no samples were available from any of the
family members affected by ALS (the patient’s mother, uncle and a
sibling) or the patient’s neurologically healthy father.
The missense variation p.R361T was identified in patient 2:A who

developed spinal onset ALS with paresis in the left leg at the age of 69
years. At the end of the disease, the patient was tetraparalytic and had
dysphagia and dysarthria. The patient died at the age of 75 years.
DNA from six family members of the ALS patient heterozygous for
p.R361T was available for segregation analysis. Of these, one sibling
(patient 2:B) was diagnosed with FTD-ALS and five were healthy
(between ages 40 and 75 years). p.R361T was present in patient 2:B
but not in any of the healthy relatives. Patient 2:B, developed cognitive
dysfunction, such as deficits in verbal fluency and memory, and was
thus diagnosed with FTD at the age of 66 years. The patient also
developed behavioral changes, expressive aphasia and became more
temperamental and irritable. Furthermore, electromyography exam-
ination revealed signs of ALS and the patient had fasciculations but
did not have paresis or muscle wasting. Before 2:B died at the age of
68 years, the patient had severe weight loss and generalized fascicula-
tions in skeletal muscles and was diagnosed as FTD-ALS.

Table 1 Summary of the demographic data for the 177 sequenced

ALS patients

Nationality Swedish (n¼123)

Norwegian (n¼13)

Danish (n¼16)

Finnish (n¼25)

Gender Male (n¼98)

Female (n¼79)

Family history FALS (n¼147)

SALS (n¼30)

Presence of overt dementia n¼28

Mean age at onset of motor symptom 56±9.2 years (n¼164)a

Mean survival time from onset of motor symptoms 29 months (n¼161)b

Abbreviations: ALS, Amyotrophic lateral sclerosis; FALS, family predisposition for ALS; SALS,
sporadic ALS.
aNo reliable data for 13 patients.
bNo reliable data for 6 deceased patients, 10 patients are alive as on May 2011.

Table 2 The variations detected in the control and patient material

Present in the

ALS patientsc

(n¼177) Present in control

individualsc

(n¼200)

Genetic

variationa

Protein

positionb

Familial

ALS

Sporadic

ALS

Reported

variation

c.269C4T p.A90Vd 1 (CT) Yes

c.1069G4C p.G357Rd 1 (GC) No

c.1082G4C p.R361T 1 (GC) No

c.1135T4C p.S379P 1 (TC) Yes

c.543þ59A4G 1 (AG) No

c.*82A4G 1 (AG) No

c.*208 G4A 11 (GA) 4 (GA);

1 (AA)

16 (GA); 2 (AA) Yes

c.*343G4A 1 (GA) No

c.*533C4G 1 (CG) No

c.*620 A4G 1 (AG) No

c.*1008T4G 1 (TG) 1 (TG) No

c.*1622A4T 1 (AT) 1 (TT) No

Abbreviation: ALS, Amyotrophic lateral sclerosis.
aThe numbering is according to the longest transcript (ENST00000240185) starting with A in
ATG (start codon) as nucleotide position 1.
bThe numbering is according to the longest amino acid sequence (ENSP00000240185) with
Met as amino acid 1.
cNumber of individuals carrying the variation and their genotypes in brackets.
dDetected in the same patient.
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The p.S379P was present in patient 3:A, who developed ALS at the
age of 62 years. The initial symptoms were weakness of the legs and
walking difficulties. Later the muscle weakness and muscular atrophy
also included the arms. The patient died 3 years after disease onset.
There was a positive family history of ALS but no additional family
members were available for segregation analysis.
Of the five non-coding variations detected in our study, similar

segregation analyses were possible for two of the variations:
c.543þ 59A4G and c.*208G4A. The c.543þ 59A4G was detected
in patient 4:A and sequencing of seven additional family members,
including a relative diagnosed with ALS, demonstrated that the
variation was present in one of the healthy individuals but not in
the other ALS patient. The non-coding c.*208G4A variation was
detected in 16 patients of which one, a SALS patient, was homozygous
for this variation. Segregation analysis in relatives to three patients
who were heterozygous for c.*208G4A showed that this variation
was present and absent in both affected patients and among healthy
relatives.
Sequence analysis of exon 3, intron 4 and part of exon 6 in 200

cognitively healthy controls without neurodegenerative conditions,
did not identify the missense variations or the non-coding variations
c.543þ 59A4G and c.*620A4G (Table 2).

Bioinformatics
The coding variations p.G357R, p.R361T and p.A90V were predicted
to affect the TDP-43 structure and function by at least one of the data
prediction programs PolyPhen and SNAP. The p.S379P was predicted
by both programs to be benign or neutral. These four variations
showed high conservation when comparing the human amino acid
sequence with six other species (Figure 1). None of the coding
variations were predicted to result in splice site changes.
The non-coding variations’ effect on splicing was analyzed by using

the programs NetGene2 Server, Human Splice Finder, GeneSplicer
and NNSPLICE. The c.543þ 59A4G variation in intron 4 of
TARDBP was suggested to create a new splice donor site in three of

the prediction programs used (NetGene2 Server, Human Splice Finder
and NNSPLICE) (data not shown). This new splice donor site was
predicted to result in an 18 amino acid longer exon 4-coded protein
and end with a premature stop codon, thus excluding exon 5 and 6.
The other four non-coding variations (c.*208G4A, c.*620A4G,
c.*1008T4G and c.*1622A4T) were not predicted to result in any
specific structural or splice site changes (data not shown).

DISCUSSION

Sequencing TARDBP in 177 patients with ALS resulted in the
identification of four missense variations in three FALS patients and
five non-coding variations. The missense variations were absent in
200 neurologically healthy controls. Patient 1:A was compound
heterozygous for p.A90V and p.G357R, which were located on
different chromosomes. The p.A90V has previously been reported
in control individuals at a higher frequency compared with patients,
suggesting that it is non-pathogenic.9,10,16,17 However, p.A90V
is located in the nucleus localization signal, which is conserved in
several species. In the normal situation, the majority of TDP-43 is
located in the nucleus. In an in vitro study, it was shown that
p.A90V partially disrupted the normal distribution of TDP-43,
that is, increased the cytoplasmic TDP-43 levels, indicating that this
amino acid substitution may impair the shuttling of TDP-43 between
the nucleus and the cytoplasm.17 The p.G357R has previously not been
reported. The G357 is conserved between species and using the protein
prediction programs PolyPhen and SNAP p.G357R was predicted to be
pathogenic. So, it is possible that in this family the disease is caused by
p.G357R, and that p.A90V contributes to the disease as a risk factor.
Even though p.A90V is located in the nucleus localization signal, it is
not enough to result in ALS by itself, which is demonstrated by the
fact that there are reports on healthy control carries of this variation.
Furthermore, there was a healthy relative to patient 1:A, who was
above 70 years and also compound heterozygous for these two
variations. This could be due to reduced penetrance of p.G357R,
which is in agreement with other reported TARDBP mutations.8–12,18

Table 3 Summary of the clinical description of patients carrying missense variations in TARDBP

Patient ID Protein positiona

Family

history Nationality Diagnosis

Age at onset

(years) First symptom Survival (years)

1:A p.A90Vb p.G357Rb,c Yes Danish ALS 67 Dysarthria 2

2:Ad p.R361Tc Yes Norwegian ALS 69 Paresis in left leg 6

2:Bd p.R361Tc Yes Norwegian FTD-ALS 66 Deficits in verbal fluency and memory 2

3:A p.S379P Yes Danish ALS 62 Weakness in legs and difficulties with walking 3

Abbreviations: ALS, Amyotrophic lateral sclerosis; FTD, frontotemporal dementia.
aThe numbering is according to the longest amino acid sequence (ENSP00000240185) with Met as amino acid 1.
bBoth variations identified in the same individual.
cNot previously reported.
d2:A and 2:B belong to the same family.

Figure 1 Multiple sequence alignment of TAR DNA-binding protein 43 in seven different species including Homo sapiens. The black area indicates the

position of the identified missense variations and their corresponding position in other species. The gray areas indicate the amino acid substitutions in other

species that do not correspond to the reference amino acid sequence in Homo sapiens. Protein accession number: aNP 031401.1; bXP 514380.2;
cNP 663531.1; dNP 001026049.1; eNP 958884.1; fNP 477400.1; gXP 309663.4.
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The third detected missense variation, p.R361T, was found in two
siblings, one diagnosed with ALS and the other with FTD-ALS, and
absent in five healthy family members supporting its pathogenic role
in both ALS and FTD-ALS.
The fourth variation, p.S379P, detected in an FALS patient without

dementia, is likely pathogenic, as it is located in a conserved residue
and has been reported in a spinal onset FALS patient but not in 771
neurologically healthy controls.18

In the non-coding regions of TARDBP five genetic variations were
detected, of which one (c.*208G4A) previously has been reported.12

Segregation analyses were performed for c.*208G4A and
c.543þ 59A4G, and it suggested that neither is pathogenic. Similar
to the previous reports, c.*208G4A was present in the control
population. Of these five genetic variations in the non-coding region,
only the c.543þ 59A4G in intron 4 was predicted to result in a new
splice donor site by three of four splice site prediction programs. As
no sample source for RNA or protein isolation was available, its effect
on the RNA and protein levels could not be determined.
In total, three likely pathogenic mutations were detected in the

Nordic ALS population, which corresponds to a mutation frequency of
1.7%. This is within the range of what has been estimated in other ALS
populations, 1–3%.8–11,16–19 However, the ALS patients in our study
were intentionally selected for a positive family history suggesting that
mutations in TARDBP are rare in the Nordic ALS population.
Our results give further support to shared genetic etiologies in

some cases of FTD and ALS and continued studies are needed to be
able to translate these findings into clinically useful diagnostic tools
and treatment strategies.
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