opN
x

The Pathogenetic Role of TAR DNA Binding Protein (TDP-43) in
Amyotrophic Lateral Sclerosis and Frontotemporal Dementia

Sa-Yoon Kang, MD

Department of Neurology, Jeju National University College of Medicine, Jeju, Korea

The recent identification of the transactive response DNA binding protein with a molecular weight of 43 kDa (TDP-43) as
the major pathological protein, in both amyotrophic lateral sclerosis (ALS) and frontotemporal lobar degeneration with
ubiquitin positive inclusions (FTLD-U), provides the new insight into understanding disease processes. The
pathogenesis of both diseases is unclear, although they are related by having some overlap of symptoms and now by the
shared histopathology of TDP-43 deposition. The number of degenerative diseases associated with TDP-43 has
increased, leading to the new designation "TDP-43 proteinopathy". TDP-43 is a highly conserved protein ubiquitously
expressed in many tissues including the central nervous system where it is present in neuronal and glial nuclei and to a
lesser extent in the cytoplasm. Currently, TDP-43 has been implicated in regulating gene transcription and alternative
splicing, in addition to maintaining mRNA stability. However, we still need to investigate the effects of posttranslational
modifications of TDP-43, including phosphorylation, ubiquitination, and cleavage, on its regulation of various cellular
processes. We review recently published studies of TDP-43 and its relationship to human disease with a special focus on
ALS and FTLD-U. We conclude that the TDP-43 proteinopathies represent a novel class of neurodegenerative disorders
and both ALS and FTLD-U are closely related conditions linked to similar mechanism of neurodegeneration.
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Figure 1. TDP-43 in FTLD and ALS: clinico-genetical spectrum.
Schematic illustration shows the spectrum of TDP-43 proteinopathies
extending from ALS at one end to FTLD at the other. TDP-43
pathology is observed in the vast majority of ALS and FTLD cases.
In addition, overlap syndromes between ALS and FTLD most
frequently show TDP-43 pathology. Mutations in TARDBP can be
found in FTLD-TDP, FTLD-MND, ALS-dementia and ALS-TDP.
ALS-TDP; TDP-43 positive amyotrophic lateral sclerosis, FTLD-
TDP; TDP-43 positive frontotemporal lobar degeneration, GRN;
progranulin, MND; motor neuron disease, TARDBP; TAR DNA
binding protein, VCP; valosin containing protein.
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Table 1. Neuropathological subtypes of FTLD-TDP

Type 1 Type 2 Type 3 Type 4

Characteristic pathology Dystrophic neurites NCI NCI numerous NII
NCI/ rare NII Dystrophic neurites NII absent
NII absent
Laminar distribution Superficial and middle Superficial and deep Superficial Superficial and middle

Major clinical phenotype bvFTD; PNFA SD bvFTD; FTD with ALS IBMPFD

Genetic linkage GRN mutation

Linkage to chromosome 9p VCP mutation

ALS; amyotrophic lateral sclerosis, bvFTD; behavioral variant frontotemporal dementia, FTD; frontotemporal dementia, FTLD-TDP; TDP-43 positive
frontotemporal lobar degeneration, GRN; progranulin, IBMPFD; inclusion body myopathy associated with Paget disease of bone and frontotemporal
dementia, NCI; neuronal cytoplasmic inclusions, NII; neuronal intranuclear inclusions, PNFA; progressive non-fluent aphasia, SD; semantic dementia,

VCP; valosin containing protein.
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Table 2. Primary and secondary human disease according to the transactive response DNA binding protein (TDP-43) status

Primary TDP-43 disease
Amyotrophic lateral sclerosis with/without dementia
Frontotemporal dementia with/without motor neuron disease

Frontotemporal dementia with inclusion body myopathy and Paget disease of bone

Perry syndrome

Secondary TDP-43 disease
Alzheimer’s disease
Parkinson’s disease
Huntington’s disease
Corticobasal degeneration
Dementia with Lewy bodies
Hippocampal sclerosis

Amyotrophic lateral sclerosis-Parkinsonism-Dementia complex of Guam
Myopathies: inclusion body myositis, oculopharyngeal muscular dystrophy
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Figure 2. Physiological and pathological TDP-43. (A) Under phy-
siological conditions, TDP-43 primarily resides in the nucleus. TDP-43

has been reported to have roles in regulating gene expression at the
transcriptional level, regulating gene splicing, and stabilizing
mRNA. (B) Under pathological conditions, TDP-43 is cleared from
the nuclear compartment and accumulates in the cytoplasm.
Pathological TDP-43 has been demonstrated to be hyperphos-
phorylated and ubiquitinated. Pathological TDP-43 is also less
soluble than TDP-43 under physiological conditions. Furthermore,
small carboxyl-terminal fragments of TDP-43 can be found in the
disease state. The changes that occur in the nature of TDP-43 under
pathological conditions might result in various loss-of-function or
toxic-gain-of-function mechanism of pathogenesis. Reprinted with
permission from Chen-Plotkin AS, et al. TAR DNA-binding protein
43 in neurodegenerative disease. Nat Rev Neurol 2010;6:211-220.
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