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Table 1 Neuropathological classification of FTLD

1. Tauopathy (with associated neuron loss and gliosis) and insoluble tau with a predominance of 3R tau, the most likely

diagnoses are:
- FTLD with Pick bodies?
+ FTLD with MAPT mutation

2. Tauopathy (with associated neuron loss and gliosis) and insoluble tau with a predominance of 4R tau, the most likely

diagnoses are:

+ Corticobasal degeneration (CBD)

+ Progressive supranuclear palsy (PSP)
- Argyrophilic grain disease (AGD)

- Sporadic multiple system tauopathy with dementia

+ FTLD with MAPT mutation

3. Tauopathy (with associated neuron loss and gliosis) and insoluble tau, with a predominance of 3R and 4R tau, the most

likely diagnoses are:
+ Neurofibrillary tangle dementia
- FTLD with MAPT mutation

4. Frontotemporal neuronal loss and gliosis without tau- or ubiquitin/P62-positive inclusions, the most likely diagnosis is:
+ FTLD (also known as dementia lacking distinctive histologic features: DLDH)

5. TDP-43 proteinopathy with associated neuronal loss and ubiquitin-positive/P62-positive, tau-negative inclusions, with
MND or without MND but with MND-type inclusions, the most likely diagnoses are:

+ FTLD-U with MND (FTLD-U types 1-3)

- FTLD-U but without MND (FTLD-U types 1-3)»
+ FTLD-U with PGRN mutation (FTLD-U type 3)
- FTLD-U with VCP mutation (FTLD-U type 4)

+ FTLD-U linked to chromosome 9p (FTLD-U type 2)

- Other as yet unidentified TDP-43 proteinopathies

6. Frontotemporal neuronal loss and gliosis with ubiquitin-positive/P62-positive, TDP-43- and tau-negative inclusions,

the most likely diagnoses are:
+ FTLD-U with CHMP2B mutation
+ Basophilic inclusion body disease (BIBD)

+ Other as yet unidentified FTLD-U, non-TDP-43 proteinopathies
7. Frontotemporal neuronal loss and gliosis with ubiquitin/P62 and o-internexin-positive inclusions, the most likely diag-

nosis is:

- Neuronal intermediate filament inclusion disease (NIFID)

aPick’s disease cases correspond to FTLD with Pick bodies. PSporadic FTLD-TDP cases in this paper correspond to
FTLD-U but without MND. CHMP2B charged multivesicular body protein 2B gene, FTLD frontotemporal lobar degen-
eration, FTLD-U FTLD with ubiquitin-positive, tau-, a-synuclein-, TDP-43-, and neuronal intermediate filament protein-

negative inclusions, MAPT microtubule-associated protein tau gene, MND motor neuron disease, neurofibrillary tangle
dementia, also called tangle predominant form of senile dementia, PGRN progranulin gene, TDP-43 TAR DNA-binding
protein 43, VCP valosin-containing protein gene, DNTC diffuse neurofibrillary tangles with calcification, SD-NFT Senile
dementia of the neurofibrillary tangle type. Reprinted with permission from Ref.6).
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Fig. 1 Pathological hallmarks of Pick's disease and FTLD-TDP.

(a) Pick bodies in the temporal cortex. (b) Type 1 histology of FTLD-TDP. Relatively thick and long
TDP-43-positive dystrophic neurites with few or no neuronal inclusions are seen. The temporal
cortex. (c) Type 2 histology of FTLD-TDP. Many TDP-43-positive intracytoplasmic inclusions with
few or no dystrophic neurites are visible. The temporal cortex in a case of ALS with dementia. (d)
Type 3 histology of FTLD-TDP. Both many short dystrophic neurites and intracytoplasmic inclu-
sions are noted. The temporal cortex.

(a) Tau immunohistochemistry, (b-d) Phosphorylated TDP-43 immunohistochemistry. (a) Scale bars =

(@) 50 um and (b-d) 100 pwm.
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Table 2 Nomenclature for neuropathologic subtypes of FTLD

Recommended

Current terminology new terminology

Major pathological subtypes

Tau-positive FTLD FTLD-tau Pick’s disease
Corticobasal degeneration
Progressive supranuclear palsy
Argyrophilic grain disease
Multiple system tauopathy with dementia
Unclassifiable
Tau-negative FTLD
FTLD-U
TDP-43-positive FTLD-TDP Type 14
Unclassifiable
TDP-43-negative FTLD-UPS atypical FTLD-U
FTD linked to chromosome 3
Neuronal intermediate filament FTLD-IF
inclusion disease (NIFID)
Dementia lacking distinctive FTLD-ni
histopathology (DLDH)
Other
Basophilic inclusion BIBD

body disease (BIBD)

Reprinted with permission from Ref.9.
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Table 3 Demographic data of Pick's disease, FTLD-TDP, and FTLD-MND cases

o FTLD-TDP
dl?ééﬁ; All FTLD-TDP-  FTLD-TDP-  FTLD-TDp- [ TLD-MND
FTLD-TDP PLS (+) PLS(-) PLS (ne)
N (male/female) 19 (9/10) 20 (14/6) 14 (10/4) 13/1) 2(1/1) 92/7)
Age at onset (y) 559 £ 75 545 = 82 529 £ 74 627 £ 72 520 = 11.3 636 = 10.3
Age at death (y) 662 = 83 631 + 92 632 + 82 642 = 113 605 = 177 656 = 94
Duration (y) 86 + 50 97 + 54 106 = 58 63+ 25 89 + 59 21 + 12
Family history (n) 0 0 0 0 0 0
Brain weight (g) 1012 + 216 1049 + 207 1016 + 189 1170 + 314 1,150 1251 + 105
TDP-43 pathology
Type 1 [n (%)] — 11 (55.0) 8 (57.1) 2 (50.0) 1 (50.0) 0(0.0)
Type 2 [n (%)] — 5(25.0) 3(214) 1(25.0) 1 (50.0) 9 (100.0)
Type 3 [n (%)] — 4(200) 3(214) 1(25.0) 0(0.0) 0(0.0)
Type 4 [n (%)] — 0(0.0) 0(0.0) 0(0.0) 0 (0.0) 0(0.0)

1239

The age at onset, age at death, duration, and brain weight were mean * standard deviation.

FTLD-TDP-PLS ( + ), FTLD-TDP with PLS-like corticospinal tract degeneration;

FTLD-TDP-PLS ( — ), FTLD-TDP without PLS-like corticospinal tract degeneration;

FTLD-TDP-PLS (ne), FTLD-TDP cases of which medulla oblongata or spinal cord tissue could not be histopathologically
examined. ¥The brain weight in one case of FTLD-TDP-PLS (ne) was not available. Reprinted with permission from Ref.23).
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Table 4 Clinical characteristics in FTLD-TDP and Pick’s disease

, FTLD-TDP
Pick’s
disease All FTLD-TDP- FTLD-TDP- FTLD-TDP- p value?
FTLD-TDP PLS(+) PLS(-) PLS (ne)
n=14 n =18 n =13 n=3 n=2
Early symptomsP
Naming difficulty [n (%)] 2 (14.3) 9 (50.0) 7 (53.8) 0 (0.0) 2 (100.0) 0.061
Semantic memory impairment [n (%)] 0(0.0) 7 (38.9) 4 (30.8) 1(33.3) 2 (100.0) 0.008
Memory impairment [n (%)] 1(7.1) 5(27.8) 3(23.1) 2 (66.7) 0(0.0) 0.196
Disinhibition [n (%)] 4 (28.6) 5 (27.8) 4 (30.8) 1(33.3) 0 (0.0) > 0.999
Apathy [n (%)] 2(14.3) 5 (27.8) 3(23.1) 2 (66.7) 0 (0.0) 0.426
Auditory comprehension deficit [n (%)] 0(0.0) 4(22.2) 4 (30.8) 0(0.0) 0(0.0) 0.059
Reduced speech output [n (%)] 4 (28.6) 4(22.2) 3(23.1) 1(33.3) 0(0.0) 0.734
Irritability [n (%)] 0 (0.0) 3(16.7) 1(7.7) 2 (66.7) 0 (0.0) 0.238
Stereotypic behaviors [n (%)] 2 (14.3) 3(16.7) 3(23.1) 0(0.0) 0 (0.0 > 0.999
Dysarthria [n (%)] 1(7.1) 2 (11.1) 2 (154) 0(0.0) 0(0.0) > 0.999
Writing impairment [n (%)] 1(7.1) 2 (111 2 (154) 0 (0.0) 0 (0.0) 0.702
Right side hemiparesis [n (%)] 0 (0.0) 1(5.6) 1(7.7) 0 (0.0) 0 (0.0) 0.492
Gait disturbance [n (%)] 0(0.0) 1 (5.6) 1(7.7) 0(0.0) 0(0.0) > 0.999
Buccofacial apraxia [n (%)] 0 (0.0) 1 (5.6) 0 (0.0 0 (0.0 1 (50.0) > 0.999
Persecutory delusion [n (%)] 1(7.1) 1(5.6) 1(7.7) 0 (0.0) 0 (0.0) > 0.999
Impaired speech output® [n (%)] 4 (28.6) 1(5.6) 1(7.7) 0(0.0) 0(0.0) 0.075
Psychiatric and behavioral symptoms during course
Apathy [n (%)] 9 (64.3) 14 (77.8) 10 (76.9) 3 (100) 1 (50.0) 0453
Behavioral stereotypy [n (%)] 10 (71.4) 11 (61.1) 9 (69.2) 2 (66.7) 0 (0.0) 0.542
Euphoria [n (%)] 3(214) 6 (33.3) 6 (46.2) 0(0.0) 0 (0.0) 0457
Oral tendency and pica [n (%)] 6 (42.9) 9 (50.0) 8 (61.5) 1(33.3) 0(0.0) 0.857
Language and semantic memory impairment during course
Semantic memory impairment [n (%)] 0(0.0) 8 (44.4) 5(38.5) 1(33.3) 2 (100.0) 0.004
Auditory comprehension impairment [n (%)] 1(7.1) 5(27.8) 5(38.5 0.0) 0(0.0) 0.138
Impaired speech output® [n (%)] 4 (28.6) 1(5.6) 1(7.7) 0(0.0 0(0.0 0.075
Asymmetric motor disturbances and unilateral spatial agnosia during course
Rigidity [n (%)] 2 (14.3) 7 (38.9) 5(38.5) 2 (66.7) 1 (50.0) 0.125
Tremor [n (%)] 1(7.1) 1(5.6) 1(7.7) 0 (0.0) 0 (0.0) 0.854
Upper motor neuron signs [n (%)] 2 (14.3) 6 (33.3) 7 (53.8) 0(0.0) 0(0.0) 0.217
Contracture [n (%)] 1(7.1) 5(27.8) 5(38.5) 0(0.0) 0(0.0) 0.138
Hemiparesis or hemiplegia [n (%)] 0(0.0) 2111 2 (15.4) 0(0.0) 0 (0.0 0.198
Limb apraxia [n (%)] 1(7.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0.249
Total [n (%)] 2(14.3) 14 (77.8) 11 (84.6) 2 (66.7) 1 (50.0) 0.001
Unilateral spatial agnosia [n (%)] 0 (0.0) 2 (11.1) 2 (154) 0 (0.0 0(0.0) 0.492
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aAll FTLD-TDP types versus Pick’s disease cases. PEarly symptoms were defined as all symptoms that developed within one year of onset.

9Apraxia of speech, paraphasia, stuttering, and hesitation in utterances were included. FTLD-TDP-PLS (

ticospinal tract degeneration; FTLD-TDP-PLS ( —

+ ), FTLD-TDP with PLS-like cor-
), FTLD-TDP without PLS-like corticospinal tract degeneration; FTLD-TDP-PLS (ne),

FTLD-TDP cases of which medulla oblongata or spinal cord tissue could not be histopathologically examined. Reprinted with permission

from Ref23,
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Table 5 Evolving patterns of clinical presentation in FTLD-TDP and Pick’s disease groups

49 : 241

Clinical course Pick's disease FTLD-TDP
(n = 14) (n = 13)
Cerebral Clinical diagnosis TDP-43 Cerebral Clinical diagnosis
atrophy (year of death) subtype atrophy (vear of death)
(1) Schizophrenia (subclinical FTLD) None Schizophrenia (1981) — — —
2) AOS > AMD (rt) F > Tit PP Apraxia (1994) — — —
3P F > Tit PPAphasia (n.a) — — —
4) PA >FTD Flt=T Pick (1971) — — —
(5) Delusional state > FTD > AMD (lt) T > Flt Presenile dem. (1993) — — —
6) FTD > IAC T > Frt Pick (1964) — — —
(7) FTD T > Flt Presenile dem. (1993) — — —
@) FTD T > Flt Pick (1983) — — —
(9) FTD Frt =T Pick (1974) — — —
(10) FTD F=T na. — — —
(11) FTD F=T Pick (1995) — — —
(12) FTD F > Trt Pick (1968) — — —
(13) FTD F>T AD (1976) — — —
(14) FTD F Depressive state (1992) 3 Fe AD (2000)
(15) FTD > AMD (It) — — 1 T>F Pick (1988)
(16) FTD > SD > AMD (rt) — — 1 T > Flt Pick (2003)
(17) FTD >TAC > AMD (It) > SA (It) — — 1 F=T Pick (1979)
(18) FTD > TAC > AMD (rt) > SA (rt) — — 3 T > Flt SD? (1995)
(19) Delusional state > TAC >FTD > AMD (1t) — — 3 T=F Pick (1973)
(20) Gait disturbance > FTD > AMD (lt) — — 2 T>F Pick (1986)
(21) Memory impairment > FTD > AMD (It) — — 12 Trt Pick (1974)
(22) Memory impairment > AMD (rt) — — 3a F =TIt CBD (2006)
(23) IAC > FTD > AMD (rt) — — 2 Flt=T VabD (1977)
(24) IAC > FTD > AMD (lt) — — 2 F>TIt  Pick (1975)
(25) SD > AMD (rt) — — 2b T > Flt SPA (1998)
(26) S — — 1b Tit Pick (1985)
27) SD >FTD — — 1 T>F Pick (1983)
(28) SD > FTD — — 1a T>F VabD (1991)
(29) SD > FTD > AMD (rt) — — 1 T > Flt SPA (2000)
(30) SD > FTD > AMD (rt) — — 1 T > Flt Pick (2000)
(31) SD > FTD > AMD (rt) — — 1 T>F Pick (1974)

HEEMDIT LEZE ) 2o THRET 2488, FREFS
7~14) H357% Tho L % Hh 572, FTLD-TDP TH 45—
JEWREE SD (39%), K\WTFTD (28%) ThHo7z. #IlE

One FTLD-TDP-PLS ( + ) case, one FTLD-TDP-PLS ( — ) case, and five Pick’s disease cases were excluded because the clinical
information was not adequate. The percentages of 18 FTLD-TDP and 14 Pick’s disease cases for which clinical information
was available, respectively, are indicated. T > F, temporal-predominant atrophy; F > T, frontal-predominant atrophy; T = F,
temporal and frontal lobes were equally atrophic; It, left side-predominant atrophy; rt, right side-predominant atrophy. a)
FTLD-TDP-PLS ( — ) cases. b) FTLD-TDP-PLS (ne) cases. The other cases of FTLD-TDP were FTLD-TDP-PLS ( + ). ¢c) Micro-
scopically, the frontal and temporal cortices were equally degenerated. FTD, frontotemporal dementia; SD, semantic demen-
tia; PA, progressive non-fluent aphasia; AOS, apraxia of speech; IAC, impairment of auditory comprehension; AMD (rt), right
side-predominant asymmetric motor disturbance; AMD (lt), left side-predominant asymmetric motor disturbance; SA, unilat-
eral spatial agnosia; SPA, slowly progressive aphasia; PPAphasia, primary progressive aphasia; PPApraxia, primary progres-
sive apraxia; Pick, Pick’s disease; AD, Alzheimer's disease; CBD, corticobasal degeneration; VaD, vascular dementia; sd, stan-
dard deviation; n.a., not available. Reprinted with permission from Ref23.
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Fig. 2 Distribution of neuronal loss in Pick’s disease and sporadic FTD-TDP.
Neuronal loss in the frontal cortex in Pick's disease is more severe than that in sporadic FTLD-TDP,

while neuronal loss in the temporal cortex in sporadic FTLD-TDP is more severe than that in Pick’s
disease. Degeneration in the superior temporal gyrus, caudate nucleus, putamen, globus pallidus, sub-
stantia nigra, and corticospinal tract (CST) in sporadic FTLD-TDP is significantly more severe than

that in Pick’s disease. Reprinted with permission from Ref23.
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Fig. 3 Coronal sections at the level of the nucleus accumbens or amygdala in Pick’s disease cases.
Cases are shown in order of disease duration. The upper layer: Kliiver-Barrera (KB) stain (myelin
stain); the lower layer: Holzer stain demonstrating fibrillary gliosis. (a, b) A case with a disease dura-
tion of 1.5 years. Gliosis is found only in the frontal convexity (arrow). The width of the cortical ribbon
in the site is narrower than that in the surroundings. (¢, d) The same case shown in (a, b). No remark-
able change except for slight gliosis in the amygdala is noted in the frontal and temporal cortices.
This patient initially showed reduction of utterance and apathy, and died suddenly after admission.
No behavioral problem was noticed. (e, f) A case with a duration of 7 years. The width of the cortical
ribbon in the inferior frontal gyrus is severely reduced, and gliosis in the site is also remarkable
(arrows). This site corresponds to the pars opercularis. In contrast, the temporal cortex appears to be
relatively well spared. Subcortical gliosis in the frontal lobe is more severe than that in the temporal
lobe. This patient first showed FTD, and subsequently impairment of speech output was noted. (g, h)
A case with a duration of 8 years. This case also had severe cortical atrophy and gliosis in the infe-
rior frontal gyrus (arrows). Subcortical gliosis in the frontal lobe is more severe than that in the tem-
poral lobe. The first syndrome of this patient was apraxia of speech, while no behavioral disturbance
was noticed during the course. (i, j) A case with a duration of 12 years. In this case also, the most se-
verely affected is the inferior frontal gyrus (arrows). This patient initially developed impairment of
speech output. Later, limb apraxia and ideomotor apraxia occurred. It is noteworthy that in all Pick's
disease cases presented here, the atrophy of the basal ganglia was mild and a severe reduction of
their volume, as evidenced by a concavity of the ventricular surface, was not noted.
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Fig. 4 Coronal sections at the level of the nucleus accumbens or amygdala in sporadic FTLD-TDP
cases.
Cases are shown in order of disease duration. The upper layer: Kliver-Barrera (KB) stain (myelin
stain); the lower layer: Holzer stain, which reveals fibrillary gliosis. (a, b) A case with a disease dura-
tion of 9.5 years. Loss of myelin and mild gliosis are found in the temporal lobe (arrows), while the
frontal lobe appears to be spared. The caudate nucleus is slightly atrophic, but its structure is not
flattened. This patient initially developed impairment of semantic memory, and disinhibited behav-
iors began two years later. Nine years after the onset, tremor, rigidity, contracture, and Babinski
sign in the right side extremities developed. (c, d) A case with a duration of 11 years. In contrast to
the relatively preserved frontal lobe, severe loss of myelin and gliosis is noted in the temporal lobe
(arrows). The structure of the caudate nucleus is flattened. The initial symptoms of this case were
irritability and apathy. Ten years after the onset, clumsiness in the left-side extremities also
developed. (e, f) A case with a duration of 12 years. Severe cortical atrophy with subcortical gliosis
was noted in the temporal lobe, and to a lesser degree, in the frontal lobe also (long arrows). The
caudate nucleus is mildly concave (short arrow). This case initially showed reduced utterance and
impaired recognition of friends' faces and common objects, and developed stereotypic behaviors 6
years later. (g, h) A case with a duration of 13 years. Severe temporal degeneration and milder fron-
tal atrophy are found. The first syndrome of this patient was semantic dementia. (i, j) A case with
a duration of 21 years. Although both the temporal and frontal lobes are severely degenerated
(long arrows), subcortical gliosis and the reduction of the width of the cortical ribbon are the most
remarkable in the temporal lobe. The basal ganglia show remarkable reduction of volume, which is
evidenced by an overt concavity of the ventricular surface (short arrow). This patient initially
showed delusional state, and subsequently, impaired comprehension, disinhibited behaviors, and
oral tendency occurred. Six years after the onset, Babinski sign, increased deep tendon reflex, and
contracture in the right side extremities were observed.
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Fig. 5 Distribution of neuronal loss in frontal and temporal
cortices in Pick’s disease and sporadic FTLD-TDP by dis-
ease duration. In a Pick’ s disease group with a disease du-
ration of 5 years or less, temporal-predominant cases and
frontal-predominant cases are included, but no case had
equal degeneration in the frontal and temporal cortices. In
a Pick’s disease group with a duration of 11 years or more,
however, the frontal and temporal cortices are equally de-
generated in 50% of cases. In contrast, in sporadic FTLD-
TDP, the temporal cortex is consistently more degener-
ated than the frontal cortex regardless of the disease
duration. F < T, temporal-predominant neuronal loss; F =
T, equal degeneration in the frontal and temporal cortices;
F > T, frontal-predominant neuronal loss.
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Fig. 6 Severity of macroscopic atrophy in basal ganglia in
Pick's disease and sporadic FTLD-TDP by disease
duration. In a Pick’s disease group with a disease duration
of 5 years or less, no case shows a flattened structure of
the caudate nucleus. Likewise, in a Pick's disease group
with a duration of 6 to 10 years, only 15% cases show
slight concavity. In contrast, about 35% of sporadic FTLD-
TDP cases with a disease duration of 5 years or less show
the flattened caudate nucleus, and 50% of sporadic FTLD-
TDP cases with a duration of 6 to 10 years exhibit concav-
ity of the caudate nucleus.
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Abstract

Pick’s disease: clinicopathological features for antemortem diagnosis

Osamu Yokota, M.D."”* and Kuniaki Tsuchiya, M.D."?
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*Department of Department of Neuropsychiatry, Okayama University Graduate School of Medicine,
Dentistry and Pharmaceutical Sciences
“Department of Laboratory Medicine and Pathology, Tokyo Metropolitan Matsuzawa Hospital
“Present Address: Clinical Neuroscience Research Group, Greater Manchester Neurosciences Centre,
Hope Hospital, University of Manchester

Frontotemporal lobar degeneration (FTLD) with ubiquitin/ TDP-43-positive inclusions (FTLD-TDP) and
Pick’s disease are two major pathological substrates in sporadic FTLD patients. Although identifying these under-
lying pathologies during the life of the patient is crucial for specific pathology-based treatment in the future, ade-
quate clinical data to infer pathologies are not available. Several recent studies demonstrated that Pick’s disease
cases tend to present clinically with frontotemporal dementia (FTD) or progressive non-fluent aphasia as the first
syndrome, while sporadic FTLD-TDP cases frequently show semantic dementia. Some asymmetric motor distur-
bances (e.g., pyramidal signs, parkinsonism, and contracture) are frequent in sporadic FTLD-TDP during the
course, but rare in Pick’s disease. On the other hand, several previous studies have demonstrated that the most
frequent first syndrome of FTLD-TDP with progranulin gene (PGRN) mutations is FTD and that neuronal loss in
the frontal cortex is more severe than that in the temporal cortex. Therefore, it is plausible that the clinicopa-
thological features of sporadic FTLD-TDP are different from those of Pick’s disease and FTLD-TDP with PGRN
mutations. Given that in vivo AP imaging will soon be put to practical use, clinical data useful for clinical differen-
tiation of pathological subtypes of FTLD besides AD with atypical cerebral atrophy will be essential in the future.

(Clin Neurol, 49: 235—248, 2009)
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