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Abstract

Mutations of the TARDBP gene encoding TDP-43 protein have been shown to cause amyotrophic
lateral sclerosis and have been reported to present with clinical heterogeneity including
parkinsonism. In addition, TDP-43 pathology has been observed across a spectrum of
neurodegenerative disorders, including Alzheimer’s and Parkinson’s disease. Herein we report the
presence of a TDP-43 mutation in a patient with a clinical diagnosis of Parkinson’s disease. The
TDP-43 p.N267S substitution has been previously implicated in both amyotrophic lateral sclerosis
and behavioral variant frontotemporal dementia. Our findings widen the phenotypic presentation
for the TDP-43 p.N267S substitution and support a possible role for rare TDP-43 mutations
presenting with Parkinson’s disease.
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Introduction

Tar-DNA binding protein of 43kDA (TDP-43) was identified as the major protein
component of the ubiquitin immune-positive inclusions that are the pathologic substrate of
common forms of amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD)
[1]. Subsequent studies identified genetic mutations inherited in an autosomal dominant
fashion in the TARDBP gene as a cause of both familial and sporadic ALS [2-4]. Although
the vast majority of TDP-43 research has focused on ALS and FTD, it has become clear that
TDP-43 pathology is observed in other neurodegenerative disorders, including Alzheimer’s
(AD) and Parkinson’s disease (PD) [5-7]. These observations suggest that, perhaps as with
tau and a-synuclein, the TDP-43 protein may be generally involved in neurodegenerative
processes.

Recently Quadri and colleagues reported that the phenotype associated with a TARDBP
mutation (c.G1144A,; p.A382T) that is common in the Sardinian population can present
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clinically as PD [8]. The TDP-43 p.A382T substitution, which appears to originate from a
common founder, accounts for upwards of 30% of familial and sporadic ALS patients in
Sardinia and parkinsonism has been reported as a clinical manifestation [9, 10]. The study of
a series of patients with PD from Sardinia identified 8 (2.5%) p.A382T carriers from a total
of 327 patients [8]. All 8 mutation carriers were diagnosed with typical late-onset “sporadic”
PD (8/231; 3.5%) but notably no mutation carriers were identified in their subgroup of early
onset familial PD (n=88). The TDP-43 p.A382T substitution was identified in one healthy
control (1/578); however, this individual reported a family history of motor neuron disease
and dementia.

Pathogenic TARDBP mutations cluster in the C-terminal glycine-rich domain, and the
underlying pathomechanism, whether a toxic gain or loss of function, remains to be resolved
[11]. The mutations occur in conserved codons, and the amino acid substitutions are
hypothesized to disrupt protein-protein interactions, localization, ubiquitination or
phosphorylation. Given the recent insights and links with PD, we screened a PD patient-
control series for mutations in exon 6 of the TARDBP gene, which encodes the Glycine-rich
domain.

Subjects and methods

Results

We employed the Mayo Clinic Florida PD patient-control series. The series consists of 692
patients (63% male) with PD and an average age of 75 years (+12 years; 33-101 years) and
age-at-onset of 67 years (11 years; 28-98 years). Healthy control subjects (n=689; 41%
male) with an average age of 70 years (12 years; 21-94 years) were used for comparison.
All patients were examined and observed longitudinally by a movement disorders
neurologist and diagnosed with PD according to published criteria [12]. PD was considered
familial when =1 first- or second-degree relatives were reportedly affected. Unrelated
control individuals were free of personal or familial history suggesting parkinsonism. The
ethical review board at the Mayo Clinic approved the study and all participants provided
informed consent.

We performed bidirectional DNA sequencing on exon 6 of the TARDBP gene using an ABI
3730 DNA sequencer with BigDye terminator chemistry and analyzed using SeqScape v2.5
software (Applied Biosystems) [13]. Primers and conditions are available upon request.

We identified two variants in our series of patients with PD, p.N267S (c.800 A>G;
rs80356718) and p.A315A (c.945G>A). The silent p.A315A is located in a known disease-
associated mutation site p.A315T and p.A315E who have presented with parkinsonism
(Table 1); however, the clinical/functional relevance of this synonymous variant remains
unclear. The silent p.A315A was observed in a sporadic late-onset patient diagnosed at age
69 years with typical PD. Neuropsychological testing performed early in the disease course
showed mild cognitive impairment. He later developed REM sleep behavior disorder
documented by polysomnography, restless legs syndrome, visual hallucinations, and
fluctuations in cognition. Shortly before his death seven years after symptom onset, he also
developed some aggressive behavior requiring therapy with antipsychotic medications. The
final clinical diagnosis was consistent with Parkinson disease dementia and no autopsy was
performed.

The proband harboring the TDP-43 p.N267S substitution was diagnosed with PD at age 42;
screening for early-onset PD genes PARKIN, PINKI and DJ-1 was negative and the patient
did not carry any known pathogenic LRRKZ mutations. His first symptom was difficulty
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performing precision movements with his left hand. This was followed by hypomimia, left
hand rest tremor, and shuffling gait. With progression of his illness all cardinal signs of PD
including rigidity, bradykinesia, rest tremor, and late on postural instability developed.
Although his symptoms eventually become bilateral, persistent asymmetry with the left side
more affected persisted. He initially responded well to therapy with dopamine agonists, but
eventually he developed severe compulsive behavior (gambling). He was than placed on
levodopa-carbidopa therapy, again with beneficial response. His condition was slowly
progressive. At age 57 years he had a surgery for lumber stenosis. This was complicated by
the occurrence of a large wound hematoma that required surgical evacuation and left him
with persistent weakness of his right leg. Over the last three years falling became an
increasing problem that led to severe left traumatic ulnar palsy. The last examination
performed at age 59 years revealed advanced parkinsonism treated with 1200 mg of
levodopa per day complicated by wearing off but no dyskinesias, dystonia, or hallucinations.
The score on his UPDRS PART Il was 19 points in “on” state and 57 points in “off” state
(Video Supplement). Non-motor symptoms reported at the time of the last visit included the
hyposmia, mild orthostatic hypotension, anxiety, depression, excessive daytime sleepiness,
and REM-sleep behavior disorder. There were no clinical or electromyographic signs of
motor neuron disease. He admitted to some irritability and compulsive ice cream eating in
the “off” state. On neuropsychological evaluation, there was no evidence of cognitive
dysfunction, with a normal mini mental status examination (MMSE) of 30/30, normal
memory Weschler Memory Scale —Revised (WMS-R), Logical Memory I: 26, WMS-R,
Logical Memory Il: 24), no behavioral abnormality (Behavioral Inhibition Scale: 25/28),
normal language (Boston Naming Test: 57/60, Sentence Repetition: 10/10, Auditory
Comprehension: 37/37, Multilingual Aphasia Examination VII-Token Test: 43/44, Semantic
Fluency: 37), and normal praxis (Motor Praxis: 60/60). In addition, the questionnaires aimed
to assess cognitive functions completed by the patient demonstrated no behavioral
abnormalities or personality changes. The questionnaires complete by his partner, however,
indicated that the patient had apathy, loss of spontaneity, personal neglect, disorganization,
impulsivity, and hypersexuality.

Genetic analyses demonstrated the TDP-43 p.N267S mutation was inherited from the
proband’s father. Based on history obtained from the family, throughout his life the father
was irritable, short-tempered and had frequent crying spells. He suffered a four-year course
of progressive memory decline, disorientation, and mood swings until death at the age of 81.
Approximately 2 years prior to his death, he also developed some parkinsonian features
including bradykinesia and asymmetrical tremor in his hands. He did not take any
medications for his parkinsonism. At the end of his life, he exhibited aggressive behavior
and showed features of hypersexuality. An MRI scan showed white matter changes and
moderate cortical atrophy, including the temporal areas. The proband’s mother had a five
year history of asymmetrical parkinsonism. She presented with bradykinesia, asymmetrical
tremor, rigidity, falling, and dysphagia, and her symptoms were responsive to levodopa-
carbidopa therapy. She died of stroke at age 81 years. Two of the proband’s paternal aunts
developed dementia, the older one of frontotemporal type, and the younger of Alzheimer
type based on family history, but no details of their clinical course and symptoms are
available. No post-mortem studies were conducted on deceased affected family members.
The pedigree is presented in Figure 1.

Discussion

The observation of TDP-43 as a major protein component of the proteinaceous inclusions in
ALS and FTD and subsequent identification of pathogenic mutations in the TARDBP gene
resulting in ALS has placed it at the center of neurodegenerative disease research [14].
Conditions displaying predominant TDP-43 pathology are now termed TDP-43
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proteinopathies, due to its critical role in the pathogenesis of these diseases. Most of the
patients with TDP-43 mutations present with typical ALS, occasionally accompanied by
dementia [15]. Other clinical presentations such as FTD or parkinsonism were described
only in single cases or very small families. Most TDP-43 mutations have incomplete age-
related penetrance that makes precise genotype-phenotype correlations difficult [8, 9, 16—
21].

To date, 15 cases presenting with parkinsonism as part of their disease phenotype caused by
TDP-43 mutations have been reported (Table 1) [8, 20, 21, 22]. Quadri and colleagues
reported two cases manifesting parkinsonism and FTD, and a single case with PD from the
same family due to TDP-43 p.A382T mutation [8]. Borghero and colleagues reported a
family with three affected members due to the same mutation [20]. Recently, we reported a
family with parkinsonism and TDP-43 pathology, all known PD genes have been excluded
as the genetic cause and exome sequencing has not yet identified any mutations in genes
related to TDP-43 pathology [23]. In addition, TDP-43 pathology is observed in Perry
syndrome, a rare disorder typified by parkinsonism, weight loss, depression and
hypoventilation [24, 25].

The present study has identified an ALS-associated TDP-43 mutation (p.N267S) in a PD
patient with a family history of dementia and/or parkinsonism; the father who carried the
TDP-43 p.N267S suffered from dementia, followed by parkinsonism and behavioral
changes. Interestingly, the TDP-43 p.N267S substitution was previously observed not only
in an ALS patient, but also in a patient with behavioral variant FTD [19, 26]. Unfortunately,
no autopsy was performed on the father of our proband to confirm the pathologic basis of
his dementia, leaving the possibility that he might have had FTLD. The proband’s mother
and paternal aunt presented with neurodegenerative disease that appears unrelated to the
TDP-43 p.N267S substitution. This means the possibility remains that the parkinsonism in
the proband is not due to his carrier status for TDP-43 p.N267S.

In silico and functional studies suggests the TDP-43 p.N267S substitution creates a novel
phosphorylation site that can result in reduced protein levels [19]. TDP-43 is a nuclear
protein that binds DNA and RNA and has multiple functions as a transcriptional repressor
and a modulator of the alternative mRNA splicing [11]. Disruption of these normal TDP-43
functions leads to disease; however, the cause remains elusive in the vast majority of
patients with TDP-43 proteinopathy, as they do not carry the known rare TDP-43 mutations.
Taken together, these findings suggest intrafamilial variability of clinical phenotype due to
TDP-43 p.N267S mutation and provide further evidence to support the possible role of
TDP-43 in parkinsonism.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Pedigree of the TDP-43 p.N267S proband

Arrow indicates proband. Squares represent males, circles represent females. Darkened
symbols indicate affected individuals (phenotypes in the right upper corner). A diagonal line
through a symbol means deceased. Number indicates number of offspring. To protect patient
confidentiality, the birth order was modified, gender was masked in some individuals and
mutation status is not highlighted. Subjects with clinical phenotype accompanied by mild
behavioral problems®, or accompanied by severe behavioral problems are noted.
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