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SH-SYS5Y cells, since 18-26 kDa C-terminal fragments of
TDP-43 are major constituents of inclusions in FTLD-TDP
and ALS brains.”” The results showed that expression of
several TDP-43 C-terminal fragments as green fluorescent
protein (GFP), including 162-414, 218-414, 219-414 and
247-414, led to the formation of cytoplasmic inclusions
positive for pTDP-43 and ubiquitin (Fig.5).” The N-
termini of the latter two peptides, 219414 and 247-414,
correspond to the cleavage sites of TDP-43 C-terminal
fragments accumulated in FTLD-TDP brains identified
by our mass spectra analyses. Igaz et al. reported another
cleavage site at Arg 208 in a pathological TDP-43
C-terminal fragment from FTLD-TDP brains and inclu-
sion formation in cultured cells expressing resultant
C-terminal fragment (residues 208—414).% Our immunob-
lot analysis showed that these aggregated pTDP-43
C-terminal fragments were recovered in sarkosyl-insoluble
fraction as those in brains of FTLD-TDP and ALS.

Several groups have recently reported increased accu-
mulation of TDP-43 fragments in the brain homogenates'
and cultured cells™'® in some of the pathogenic mutations
of TARDBP identified in ALS. However, in our cellular
models,immunoblot analyses failed to show any significant
differences in the generation of fragments of TDP-43 with
or without various mutations. Alternatively, pathogenic
mutations consistently enhanced aggregation of TDP-43 if
they are present in the C-terminal fragment, GFP-TDP
162-414 (Fig. 6). These results suggest that pathogenic
mutations and N-terminal truncation synergistically
promote abnormal accumulation of TDP-43.

METHYLENE BLUE AND DIMEBON
INHIBIT AGGREGATION OF TDP-43 IN
CELLULAR MODELS

Inhibition of the aggregation of TDP-43 and promotion
of its clearance are considered to be major therapeutic
avenues for ALS and FTLD-TDP. As for other neurode-
generative diseases, current tools include antibodies,
synthetic peptides, molecular chaperones and chemical
compounds. Of the latter, methylene blue (MB) and
dimebon have recently been reported to have significant
beneficial effects in phase II clinical trials of AD.%> MB is
a phenothiazine compound that has been used for treating
methemoglobinemia,®* inhibiting nitric oxide synthase,”
reducing nGMP% enhancing B-oxidation in mitochon-
dria,” inhibiting of noradrenalin re-uptake® and enhanc-
ing brain mitochondrial cytochrome oxidase activity.®"
It has also been shown to inhibit AD-like AB and tau
aggregation in vitro."” Dimebon is a non-selective anti-
histaminergic compound that was in clinical use for many
years before more selective agents became available.” It
has been reported to inhibit butyrylcholinesterase, acetyl-
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GFP-TDP 219-414

anti-pS409/410

TO-PRO-3

Fig. 5 Transactivation response (TAR) DNA-binding protein of
Mr 43 kDa (TDP-43) C-terminal fragments identified in diseased
brains form cytoplasmic inclusions in cells. Round cytoplasmic
inclusions with strong green fluorescent protein (GFP) intensities
were observed in SH-SY5Y cells expressing GFP-TDP 219-414.
These were positive for pS409/410 and ubiquitin Ub).

cholinesterase, NMDA receptors, voltage-gated calcium
channels, adrenergic receptors, histamine H1 receptors, his-
tamine H2 receptors and serotonin receptors, as well as to
stabilize glutamate-induced Ca2+ signals.”*™ The effects
of dimebon on pathological protein aggregation have not
been studied in detail.

© 2010 Japanese Society of Neuropathology









TDP-43 in brains and cellular models

10.

11.

12

REFERENCES

. Neumann M, Sampathu DM, Kwong LK et al. Ubiq-

uitinated TDP-43 in frontotemporal lobar degenera-
tion and amyotrophic lateral sclerosis. Science 2006;
314: 130-133.

. Arai T, Hasegawa M, Akiyama H etal. TDP-43 is

a component of ubiquitin-positive tau-negative
inclusions in frontotemporal lobar degeneration and
amyotrophic lateral sclerosis. Biochem Biophys Res
Commun 2006; 351: 602-611.

. Davidson Y, Kelley T, Mackenzie IRA et al. Ubiquiti-

nated pathological lesions in frontotemporal lobar
degeneration contain the TAR DNA-binding protein,
TDP-43. Acta Neuropathol (Berl) 2007; 113: 521-
533.

. Neumann M, Kwong LK, Sampathu DM, Trojanowski

JQ, Lee VM. TDP-43 proteinopathy in frontotemporal
lobar degeneration and amyotrophic lateral sclerosis:

protein misfolding diseases without amyloidosis. Arch
Neurol 2007; 64: 1388-1394.

. Mackenzie IR, Bigio EH, Ince PG et al. Pathological

TDP-43 distinguishes sporadic amyotrophic lateral
sclerosis from amyotrophic lateral sclerosis with SOD1
mutations. Ann Neurol 2007; 61: 427-434.

. Tan CF, Eguchi H, Tagawa A et al. TDP-43 immunore-

activity in neuronal inclusions in familial amyotrophic
lateral sclerosis with or without SOD1 gene mutation.
Acta Neuropathol (Berl) 2007; 113: 535-542.

. Mackenzie IR, Neumann M, Bigio EH et al. Nomen-

clature for neuropathologic subtypes of frontotempo-
ral lobar degeneration: consensus recommendations.
Acta Neuropathol 2009; 117: 15-18.

. Baker M, Mackenzie IR, Pickering-Brown SM et al.

Mutations in progranulin cause tau-negative fronto-
temporal dementia linked to chromosome 17. Nature
2006; 442: 916-919.

. Cruts M, Gijselinck I, van der Zee J et al. Null muta-

tions in progranulin cause ubiquitin-positive fronto-
temporal dementia linked to chromosome 17q21.
Nature 2006; 442: 920-924.

Watts GDJ, Wymer J, Kovach MJ et al. Inclusion body
myopathy associated with Paget disease of bone and
frontotemporal dementia is caused by mutant valosin-
containing protein. Nat Genet 2004; 36: 377-381.
Morita M, Al-Chalabi A, Anderson PM et al. A locus
on chromosome 9p confers susceptibility to ALS and
frontotemporal dementia. Neurology 2006; 66: 839—
844.

Vance C, Al-Chalabi A, Ruddy D et al. Familial amyo-
trophic lateral sclerosis with frontotemporal dementia
is linked to a locus on chromosome 9p13.2-21.3. Brain
2006; 129: 868-875.

© 2010 Japanese Society of Neuropathology

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

24.

25.

26.

170

179

Yokoseki A, Shiga A, Tan CF et al. TDP-43 Mutation
in Familial Amyotrophic Lateral Sclerosis. Ann Neurol
2008; 63: 538-542.

Gitcho MA, Baloh RH, Chakraverty S et al. TDP-43
A315T mutation in familial motor neuron disease. Ann
Neurol 2008; 63: 535-538.

Sreedharan J, Blair IP, Tripathi VB etal. TDP-43
mutations in familial and sporadic amyotrophic lateral
sclerosis. Science 2008; 319: 1668-1672.

Kabashi E, Valdmanis PN, Dion P etal. TARDBP
mutations in individuals with sporadic and familial
amyotrophic lateral sclerosis. Nat Genet 2008; 40: 572—
574.

Van Deerlin VM, Leverenz JB, Bekris LM etal
TARDBP mutations in amyotrophic lateral sclerosis
with TDP-43 neuropathology: a genetic and histo-
pathological analysis. Lancet Neurol 2008; 7. 409-
416.

Ou SH, Wu F, Harrich D, Garcia-Martinez LF, Gaynor
RB. Cloning and characterization of a novel cellular
protein, TDP-43, that binds to human immunodefi-
ciency virus type 1 TAR DNA sequence motifs. J Virol
1995; 69: 3584-3596.

Wang H-Y, Wang I-F, Bose J, Shen C-KJ. Structural
diversity and functional implications of the eukaryotic
TDP gene family. Genomics 2004; 83: 130-139.
Abhyankar MM, Urekar C, Reddi PP. A novel CpG-
free vertebrate insulator silences the testis-specific
SP-10 gene in somatic tissues: role for TDP-43 in insu-
lator function. J Biol Chem 2007; 282: 36143-36154.
Strong MJ, Volkening K, Hammond R et al. TDP43 is
a human low molecular weight neurofilament (hNFL)
mRNA-binding protein. Mol Cell Neurosci 2007; 35:
320-327.

Ayala YM, Misteli T, Baralle FE. TDP-43 regulates
retinoblastoma protein phosphorylation through the
repression of cyclin-dependent kinase 6 expression.
Proc Natl Acad Sci USA 2008; 105: 3785-3789.
Buratti E, Baralle FE. Characterization and functional
implications of the RNA binding properties of nuclear
factor TDP-43, a novel splicing regulator of CFTR
exon 9.J Biol Chem 2001; 276: 36337-36343.

Buratti E, Dork T, Zuccato E, Pagani F, Romano M,
Baralle FE. Nuclear factor TDP-43 and SR proteins
promote in vitro and in vivo CFTR exon 9 skipping.
EMBO J 2001; 20: 1774-1784.

Mercado PA, Ayala YM, Romano M, Buratti E,
Baralle FE. Depletion of TDP 43 overrides the need
for exonic and intronic splicing enhancers in the
human apoA-II gene. Nucleic Acids Res 2005; 33: 6000—
6010.

Bose JK, Wang IF, Hung L, Tarn WY, Shen CK.
TDP-43 overexpression enhances exon 7 inclusion




180

217.

28.

29.

30.

31.

32

33.

3s.

36.

37.

38.

39.

during the survival of motor neuron pre-mRNA splic-
ing. J Biol Chem 2008; 283: 28852-28859.

Buratti E, Brindisi A, Giombi M, Tisminetzky S, Ayala
YM, Baralle FE. TDP-43 binds heterogeneous nuclear
ribonucleoprotein A/B through its C-terminal tail. J
Biol Chem 2005; 280: 37572-37584.

Buratti E, Baralle FE. Multiple roles of TDP-43 in
gene expression, splicing regulation, and human
disease. Front Biosci 2008; 13: 867-878.

Mackenzie IRA, Baborie A, Pickering-Brown S et al.
Heterogeneity of ubiquitin pathology in frontotempo-
ral lobar degeneration: classification and relation to
clinical phenotype. Acta Neuropathol (Berl) 2006; 112:
539-549.

Mackenzie IRA, Baker M, Pickering-Brown S et al.
The neuropathology of frontotemporal lobar degen-
eration caused by mutations in the progranulin gene.
Brain 2006; 129: 3081-3090.

Sampathu DM, Neumann M, Kwong LK et al. Patho-
logical heterogeneity of frontotemporal lobar degen-
eration with ubiquitin-positive inclusions delineated
by ubiquitin immunohistochemistry and novel mono-
clonal antibodies. Am J Pathol 2006; 169: 1343-
1352.

Cairns NJ, Bigio EH, Mackenzie IR et al. Neuropatho-
logic diagnostic and nosologic criteria for frontotem-
poral lobar degeneration: consensus of the Consortium
for Frontotemporal Lobar Degeneration. Acta Neuro-
pathol (Berl) 2007; 114: 5-22.

Snowden J, Neary D, Mann D. Frontotemporal lobar
degeneration: clinical and pathological relationships.
Acta Neuropathol (Berl) 2007; 114: 31-38.

. Kwong LK, Uryu K, Trojanowski JQ, Lee VM. TDP-43

proteinopathies: neurodegenerative protein misfold-
ing diseases without amyloidosis. Neurosignals 2008;
16: 41-51. ’

Geser F, Brandmeir NJ, Kwong LK et al. Evidence of
multisystem disorder in whole-brain map of pathologi-
cal TDP-43 in amyotrophic lateral sclerosis. Arch
Neurol 2008; 65: 636-641.

Nishihira Y, Tan CF, Hoshi Y et al. Sporadic amyo-
trophic lateral sclerosis of long duration is associated
with relatively mild TDP-43 pathology. Acta Neuro-
pathol 2009; 117: 45-53.

Hasegawa M, Arai T, Nonaka T et al. Phosphorylated
TDP-43 in frontotemporal lobar degeneration and
amyotrophic lateral sclerosis. Ann Neurol 2008; 64:
60-70.

Inukai Y, Nonaka T, Arai T et al. Abnormal phospho-
rylation of Ser409/410 of TDP-43 in FTLD-U and
ALS. FEBS Lett 2008; 582: 2899-2904.

Arai T, Ikeda K, Akiyama H et al. Identification of
amino-terminally cleaved tau fragments that distin-

17

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51,

52.

53.

T Arai et al.

guish progressive supranuclear palsy from corticobasal
degeneration. Ann Neurol 2004; 55: 72-79.

Hasegawa M, Arai T, Akiyama H et al. TDP-43 is
deposited in the Guam parkinsonism-dementia
complex brains. Brain 2007; 130: 1386-1394.

Geser F, Winton MJ, Kwong LK et al. Pathological
TDP-43 in parkinsonism-dementia complex and amyo-
trophic lateral sclerosis of Guam. Acta Neuropathol
(Berl) 2007; 115: 133-145.

Miklossy J, Steele JC, Yu S et al. Enduring involvement
of tau, beta-amyloid, alpha-synuclein, ubiquitin and
TDP-43 pathology in the amyotrophic lateral sclerosis/
parkinsonism-dementia complex of Guam (ALS/
PDC). Acta Neuropathol 2008; 116: 625-637.
Amador-Ortiz C, Lin WL, Ahmed Z etal TDP-43
immunoreactivity in hippocampal sclerosis and Alzhe-
imer’s disease. Ann Neurol 2007; 61: 435-445.

. Higashi S, Iseki E, Yamamoto R et al. Concurrence of

TDP-43, tau and alpha-synuclein pathology in brains
of Alzheimer’s disease and dementia with Lewy
bodies. Brain Res 2007; 1184: 284-294.

Hu WT, Josephs KA, Knopman DS et al. Temporal
lobar predominance of TDP-43 neuronal cytoplasmic
inclusions in Alzheimer disease. Acta Neuropathol
2008; 116: 215-220.

Josephs KA, Whitwell JL, Knopman DS et al. Abnor-
mal TDP-43 immunoreactivity in AD modifies clinico-
pathologic and radiologic phenotype. Neurology 2008;
70: 1850-1857.

Uryu K, Nakashima-Yasuda H, Forman MS et al. Con-
comitant TAR-DNA-binding protein 43 pathology is
present in Alzheimer disease and corticobasal degen-
eration but not in other tauopathies. J Neuropathol
Exp Neurol 2008; 67: 555-564.

Nakashima-Yasuda H, Uryu K, Robinson J etal.
Co-morbidity of TDP-43 proteinopathy in Lewy body
related diseases. Acta Neuropathol (Berl) 2007; 114:
221-229.

Freeman SH, Spires-Jones T, Hyman BT, Growdon
JH, Frosch MP. TAR-DNA binding protein 43 in Pick
disease. J Neuropathol Exp Neurol 2008; 67: 62-67.
Lin WL, Dickson DW. Ultrastructural localization of
TDP-43 in filamentous neuronal inclusions in various
neurodegenerative diseases. Acta Neuropathol 2008;
116: 205-213.

Arai T, Mackenzie IR, Hasegawa M et al. Phosphory-
lated TDP-43 in Alzheimer’s disease and dementia with
Lewy bodies. Acta Neuropathol 2009;117: 125-136.
Schwab C, Arai T, Hasegawa M, Akiyama H, Yu S,
McGeer PL. TDP-43 pathology in familial British
dementia. Acta Neuropathol 2009; 118:303-311.
Fujishiro H, Uchikado H, Arai T et al. Accumulation
of phosphorylated TDP-43 in brains of patients with

© 2010 Japanese Society of Neuropathology



TDP-43 in brains and cellular models

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

argyrophilic grain disease. Acta Neuropathol 2009;117:
151-158.

Schwab C, Arai T, Hasegawa M, Yu S, McGeer PL.
Colocalization of transactivation-responsive DNA-
binding protein 43 and huntingtin in inclusions of
Huntington disease. J Neuropathol Exp Neurol 2008;
67: 1159-1165.

Giasson BI, Forman MS, Higuchi M et al. Initiation
and synergistic fibrillization of tau and alpha-
synuclein. Science 2003; 300: 636-640.

Cairns NJ, Neumann M, Bigio EH et al. TDP-43 in
familial and sporadic frontotemporal lobar degenera-
tion with ubiquitin inclusions. Am J Pathol 2007; 171:
227-240.

Nonaka T, Arai T, Buratti E, Baralle FE, Akiyama H,
Hasegawa M. Phosphorylated and ubiquitinated
TDP-43 pathological inclusions in ALS and FTLD-U
are recapitulated in SH-SYSY cells. FEBS Lett 2009;
583: 394-400.

Winton MJ, Igaz LM, Wong MM, Kwong LK, Trojan-
owski JQ, Lee VM. Disturbance of nuclear and cyto-
plasmic TAR DNA-binding protein (TDP-43) induces
disease-like redistribution, sequestration, and aggre-
gate formation. J Biol Chem 2008; 283: 13302-133009.
Nonaka T, Kametani F, Arai T, Akiyama H, Hasegawa
M. Truncation and pathogenic mutations facilitate the
formation of intracellular aggregates of TDP-43. Hum
Mol Genet 2009; 18: 3353-3364.

Igaz LM, Kwong LK, Chen-Plotkin A et al. Expression
of TDP-43 C-terminal Fragments in Vitro Recapitu-
lates Pathological Features of TDP-43 Proteinopa-
thies. J Biol Chem 2009; 284: 8516-8524.

Gura T. Hope in Alzheimer’s fight emerges from
unexpected places. Nat Med 2008; 14: 894.

Doody RS, Gavrilova SI, Sano M etal. Effect of
dimebon on cognition, activities of daily living, behav-
iour, and global function in patients with mild-
to-moderate Alzheimer’s disease: a randomized,
double-blind, placebo-controlled study. Lancet 2008;
372: 207-215.

Kristiansen JE. Dyes, antipsychotic drugs, and antimi-
crobial activity. Fragments of a development, with
special reference to the influence of Paul Ehrlich. Dan
Med Bull 1989; 36: 178-185.

. Mansouri A, Lurie AA. Concise review: methemoglo-

binemia. Am J Hematol 1993; 42: 7-12.
Faber P, Ronald A, Millar BW. Methylthioninium
chloride: pharmacology and clinical applications with

© 2010 Japanese Society of Neuropathology

66.

67.

69.

70.

71.

72.

73.

74.

75.

76.

71.

172

181

special emphasis on nitric oxide mediated vasodilatory
shock during cardiopulmonary bypass. Anaesthesia
2005; 60: 575-587.

Heiberg IL, Wegener G, Rosenberg R. Reduction of
c¢GMP and nitric oxide has antidepressant-like effects
in the forced swimming test in rats. Behav Brain Res
2002; 134: 479-484.

Visarius TM, Stucki JW, Lauterburg BH. Stimulation
of respiration by methylene blue in rat liver mitochon-
dria. FEBS Lett 1997; 412: 157-160.

. Chies AB, Custodio RC, de Souza GL, Correa FM,

Pereira OC. Pharmacological evidence that methylene
blue inhibits noradrenaline neuronal uptake in the rat
vas deferens. Pol J Pharmacol 2003; 55: 573-579.
Wrubel KM, Riha PD, Maldonado MA, McCollum D,
Gonzalez-Lima F. The brain metabolic enhancer
methylene blue improves discrimination learning in
rats. Pharmacol Biochem Behav 2007; 86: 712-717.
Atamna H, Nguyen A, Schultz C et al. Methylene blue
delays cellular senescence and enhances key mito-
chondrial biochemical pathways. Faseb J 2008; 22: 703
712.

Wischik CM, Edwards PC, Lai RY, Roth M, Har-
rington CR. Selective inhibition of Alzheimer disease-
like tau aggregation by phenothiazines. Proc Natl Acad
Sci USA 1996; 93: 11213-11218.

Taniguchi S, Suzuki N, Masuda M et al. Inhibition of
heparin-induced tau filament formation by phenothi-
azines, polyphenols, and porphyrins. J Biol Chem 2005;
280: 7614-7623.

Burns A, Jacoby R. Dimebon in Alzheimer’s disease:
old drug for new indication. Lancet 2008; 372: 179~
180.

Bachurin S, Bukatina E, Lermontova N et al. Antihis-
tamine agent Dimebon as a novel neuroprotector and
a cognition enhancer. Ann N Y Acad Sci 2001; 939:
425-435.

Wu J, Li Q, Bezprozvanny I. Evaluation of Dimebon in
cellular model of Huntington’s disease. Mol Neurode-
gener 2008; 3: 15.

Lermontova NN, Redkozubov AE, Shevtsova EF,
Serkova TP, Kireeva EG, Bachurin SO. Dimebon and
tacrine inhibit neurotoxic action of beta-amyloid in
culture and block L-type Ca(2+) channels. Bull Exp
Biol Med 2001; 132: 1079-1083.

Yamashita M, Nonaka T, Arai T et al. Methylene blue
and dimebon inhibit aggregation of TDP-43 in cellular
models. FEBS Lett 2009; 583: 2419-2424.



Acta Neuropathol (2010) 119:14
DOI 10.1007/s00401-009-0612-2

Nomenclature and nosology for neuropathologic subtypes
of frontotemporal lobar degeneration: an update

Ian R. A. Mackenzie - Manuela Neumann - Eileen H. Bigio - Nigel J. Cairns - Irina Alafuzoff

Jillian Kril - Gabor G. Kovacs * Bernardino Ghetti * Glenda Halliday - Ida E. Holm - Paul G. Ince *

Wouter Kamphorst - Tamas Revesz - Annemieke J. M. Rozemuller + Samir Kumar-Singh + Haruhiko Akiyama -
Atik Baborie * Salvatore Spina * Dennis W. Dickson * John Q. Trojanowski - David M. A. Mann

Received: 9 November 2009/ Accepted: 10 November 2009/ Published online: 19 November 2009
© The Author(s) 2009. This article is published with open access at Springerlink.com

One year ago, in this journal, we published a recommended
nomenclature for the neuropathologic subtypes of fronto-
temporal lobar degeneration (FTLD) [7]. A major impetus
behind this was to resolve the confusion that had arisen
around the use of the term “FTLD with ubiquitinated
inclusions” (FTLD-U), following the discovery that the
molecular pathology of these cases was heterogeneous,
with most, but not all, being characterized by pathological
TDP-43 [6, 11]. In addition, a system of nosology was
introduced that grouped the FTLD subtypes into broad
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categories, based on the molecular defect that is most
characteristic, according to current evidence. This system
provided a concise and consistent terminology that has now
been widely adopted in the literature. Another anticipated
advantage was the ability to readily accommodate new
discoveries. At the time, we did not anticipate how quickly
this attribute would be put to use.

Although most FTLDs are characterized by cellular
inclusion bodies composed of either tau (FTLD-tau) or
TDP-43 (FTLD-TDP), approximately 10-15% of cases
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remain, that include a number of uncommon FTLD sub-
types, in which the pathologic protein is unknown.
Recently, two studies identified mutations in the gene
encoding the fused in sarcoma (FUS) protein (also known
as translocated in liposarcoma, TLS), as the cause of
familial amyotrophic lateral sclerosis (ALS) type 6 [5, 14].
The recognized clinical, genetic and pathological overlap
between ALS and FTD, and the high degree of functional
homology between FUS and TDP-43, prompted a number
of subsequent studies that demonstrated that the inclusions
of several of the tau/TDP-43-negative FTLDs are immu-
noreactive (ir) for FUS [8-10]. One such group are those
cases with TDP-43-negative FTLD-U pathology, originally
referred to as atypical FTLD-U (aFTLD-U) [6, 11].
According to the previous nomenclature recommendations,
the neuropathology of these cases was designated as
FTLD-UPS because the inclusions were only detectable
with immunohistochemistry against proteins of the ubig-
uitin proteasome system (UPS) [7]. However, based on the
discovery that all the ubiquitin-positive pathology in these
cases is immunoreactive for FUS, we now recommend that
they should be reclassified as FTLD-FUS [9]. In addition,
the characteristic neuronal cytoplasmic inclusions of
basophilic inclusions body disease (BIBD), previously of
unknown biochemical composition, have also been shown
to be consistently FUS-ir [8]. Perhaps most surprising has
been the identification of abundant FUS-positive pathology
in cases of neuronal intermediate filament inclusion disease
(NIFID) [10]. The diagnostic criterion for NIFID is the
presence of neuronal inclusions that are negative for tau,
a-synuclein and TDP-43 but immunoreactive for class IV
intermediate filaments (IF) [1] and therefore the term
FTLD-IF was designated in the previous nomenclature
recommendations [7]. However, the finding that only a
minority of the inclusions in NIFID are IF-ir, the absence
of any identifiable genetic or molecular abnormality of IF
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in these cases and the recognition that immunohistochem-
istry for IF is not specific for this condition, is consistent
with the possibility that another protein may be more
central to the pathogenesis. The recent demonstration that a
much larger proportion of the inclusions in NIFID are FUS-
ir, that all the cells with IF-ir inclusions also contain
pathological FUS, and that there are widespread FUS-ir
glial inclusions, suggests that the abnormal accumulation
of FUS may be more fundamental in the disease process
and that IF pathology probably develops as a secondary
process [10].

Taking these studies together, we now recommend that
aFTLD-U, BIBD and NIFID should be grouped together
under the designation of FTLD-FUS (Table 1). It is
important to recognize, however, that this does not imply
that a defect in FUS metabolism is known to be causal in
any of these conditions. Rather, it simply indicates that
they share FUS accumulation as the most prominent
molecular pathology. Whether or not this indicates that
aFTLD-U, BIBD and NIFID are actually all part of a
continuous spectrum of disease must await detailed com-
parative clinicopathological studies of larger numbers of
cases. Nonetheless, the presence of FUS pathology sets
these cases apart and should aid in their neuropathological

. diagnosis and classification.
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Although it now appears that most, if not all, cases of
sporadic FTLD-UPS (i.e. aFTLD-U) have FUS-immu-
noreactive pathology [9], the designation FTLD-UPS
remains appropriate for at least one condition: familial
FTID linked to chromosome 3 (FTD-3), caused by
mutations in the CHMP2B gene. In addition to being
negative for tau and TDP-43 [2], a recent study has
shown that the ubiquitin/p62-immunoreactive neuronal
inclusions in these cases do not label with antibodies
against FUS [3]. Although these inclusions may even-
tually be discovered to contain a single major pathologic
protein, it is also possible they have more heterogeneous
composition that results from a primary defect of endo-
somal function [13]. Until this is determined, FTLD-UPS
remains an appropriate designation for the neuropathol-
ogy of FTD-3 and possibly for some FUS-negative
sporadic cases.

With these recent advances, virtually all cases of FTLD
can now be assigned to one of the three major molecular
subgroups (FTLD-tau, FTLD-TDP or FTLD-FUS). This
classification does not presuppose a primary role of the
signature protein in pathogenesis (although in FTLD-tau
and FTLD-TDP there is growing evidence to support this),
but provides a logical way of grouping neuropathologic
subtypes that is likely to have relevance regarding common
disease mechanisms, diagnostic tests and possibly treat-
ments. The specific role of the pathologic proteins and their
relationship to causal gene defects is crucial information
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Table 1 Updated nomenclature for neuropathologic subtypes of frontotemporal lobar degeneration

2009 recommendation

2010 recommendation

Major molecular class

Recognized subtypes®

Major molecular class

Recognized subtypes”

Associated genes

FTLD-tau PiD FTLD-tau PiD MAPT
CBD CBD
PSP PSP
AGD AGD
MSTD MSTD
NFT-dementia NFT-dementia
WMT-GGI WMT-GGI
Unclassifiable Unclassifiable
FTLD-TDP Types 1-4 FTLD-TDP Types.1-4 GRN
Unclassifiable Unclassifiable vCP
9
(TARDBP)"
FTLD-UPS FTD-3 FTLD-UPS FTD-3 CHMP2B
aFTLD-U
FTLD-IF NIFID FTLD-FUS aFTLD-U (FUS)*
BIBD NIFID
BIBD
FTLD-ni FTLD-ni

Entries in bold indicate major revisions

aFTLD-U, atypical frontotemporal lobar degeneration with ubiquitinated inclusions; AGD, argyrophilic grain disease; BIBD, basophilic
inclusion body disease; CBD, corticobasal degeneration; CHMP2B, charged multivescicular body protein 2B; FTD-3, frontotemporal dementia
linked to chromosome 3; FTLD, frontotemporal lobar degeneration; FUS, fused in sarcoma; GRN, progranulin gene; IF, intermediate filaments;
MAPT, microtubule associated protein tau; MSTD, multiple system tauopathy with dementia; NFT-dementia, neurofibrillary tangle predominant
dementia; ni, no inclusions; NIFID, neuronal intermediate filament inclusion disease; PiD, Pick’s disease; PSP, progressive supranuclear palsy;
TARDBP, transactive response DNA binding protein; TDP, TDP-43; UPS, ubiquitin proteasome system; VCP, valosin containing protein;
WMT-GGI, white matter tauopathy with globular glial inclusions; 9p, genetic locus on chromosome 9p linked to familial amyotrophic lateral
sclerosis and frontotemporal dementia

® Indicates the characteristic pattern of pathology, not the clinical syndrome. Note that FTDP-17 is not listed as a pathological subtype because
cases with different MAPT mutations do not have a consistent pattern of pathology. These cases would all be FTLD-tau, but further subtyping
would vary

® Rare case reports of patients with clinical FTD and TDP-43 pathology associated with TARDBP genetic variants [4]
© One patient reported with a FUS mutation and FTD/ALS clinical phenotype but no description of pathology [12]
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