The postmitotic nature of neurons may underlie the age-
dependent NIA of mutant DRPLA proteins starting on P4.
Although further analysis is required, we speculate that
regional differences in the synthesis, processing and subcellu-
lar localizations of mutant DRPLA proteins (33—35) play key
roles in the region-specific distribution of NIA.

Neuronal dysfunction without neuronal loss is
essential in DRPLA pathogenesis

Intriguingly, we have not observed any neuronal loss in the
brains of the Q129 mice despite the progressive brain atrophy
and severe neurological phenotypes. Indeed, the electrophysio-
logical analyses demonstrated age-dependent and region-
specific synaptic dysfunction along with disease progression.
We demonstrated presynaptic dysfunction (altered PPRs) in
PCs and pallidal neurons, and postsynaptic dysfunction (shrink-
age of distal dendrites of PCs and decreased currents through
AMPA and GABA, receptors in CAl neurons). These obser-
vations strongly argue for the concept of ‘neuronal dysfunction
without neuronal death’. Our recent morphometric studies
demonstrated marked reductions in the number and size of
spines, further supporting synaptic dysfunction (14).

The concept of neuronal dysfunction without neuronal death is
apparently contradictory to the neuropathological finding that
neuronal loss confined to DRPL systems is the hallmark of
DRPLA. As discussed above, neurological phenotypes presum-
ably reflect neuronal dysfunction as a result of NIA, and neuronal
loss may well be the latest event observed in advanced stages.
Supporting this concept, juvenile-onset DRPLA patients initially
do not show markedly atrophic changes in the cerebellum in mag-
netic resonance imaging, in contrast to markedly atrophic
changes observed in late-adult-onset DRPLA patients (36).

Transcriptional dysregulations and neuronal dysfunction

In this study, we have identified genes that are down-regulated in
an age-dependent manner, including those coding for neuropep-
tides, transcriptional factors and signaling molecules. Because of
the functional relevance and strong down-regulation even at 4
weeks of age, kalirin is of particular interest, which is a multi-
functional Rho guanine nucleotide exchange factor, also
known as the huntingtin-associated protein interacting protein
(37). The age-dependent decrease in the expression level of
kalirin in the Q129 mouse brain was further confirmed by
western blot analysis (Supplementary Material, Fig. S1). It has
been demonstrated that the down-regulation of kalirin results
inreduced linear spine density and the elimination of presynaptic
endings in CAl hippocampal neurons (38). Because the
reduction in spine density is the most striking change in our mor-
phometric analysis of Q129 mice (14), the down-regulation of
kalirin might be directly involved in synaptic dysfunction.
Although the functional relevance was not discussed, the down-
regulation of kalirin was also observed in R6/2 mice (39;
described as the expression sequence tag AA673405).

In the category of neuropeptides, arginine vasopressin
showed the most striking down-regulation, which is consistent
with the phenotype of central diabetes insipidus. Although
clinically apparent endocrinological dysfunction has not
been described in DRPLA patients, detailed investigations
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should be carried out on DRPLA patients, particularly on
those with juvenile-onset DRPLA and highly expanded CAG
repeats. Given the behavioral abnormalities observed in mice
with their neuropeptides knocked out, including somatostatin
(MGI:98326, impairment in motor learning) and neuropeptide
Y (MGL:97374, seizure), the down-regulation of these neuro-
peptides may also contribute in part to the behavioral abnorm-
alities of the QI29 mice. Dbp (MGI:2183196), Fos
(MGI:95574) or excitatory amino acid transporter 2 (Slcla2,
MGIL:101931) knock-out mice show seizures, suggesting that
the down-regulation of these genes may also contribute to
the neurological phenotypes of Q129 mice.

As shown in Figure 6, 46% of down-regulated and 61% of
strongly down-regulated genes (fold change < —1.5) have
CRE sites. These observations support our previous finding
that CREB-dependent transcriptional activation is strongly sup-
pressed by expanded polyQ stretches in cellular models
(11,12,40). A role for CREB-mediated signaling in neurodegen-
eration has been provided by Mantamadiotis et al. (41), as deter-
mined using conditional CREB knock-out mice. They described
that mice lacking both CREB and cAMP response element
modulator protein (CREM) in the postnatal forebrain showed
progressive neurodegeneration of the striatum and hippocampus
after 1.5 months, and a neurological phenotype after 6 months,
supporting the hypothesis that disruption of CREB-dependent
transcription plays an essential role in neurodegeneration in
polyQ diseases through transcriptional dysregulations. Although
we focused on CREB-dependent transcription, it has recently
been reported that expanded polyQ stretches disrupt the struc-
tures of TAFD and TAFyF of the basal transcriptional appar-
atus (42). Thus, the down-regulation of genes may involve
multiple mechanisms in addition to the down-regulation of
CREB target genes; further investigations on the mechanisms
underlying transcriptional dysregulations caused by expanded
polyQ stretches should be carried out.

We should emphasize the concept of neuronal dysfunction
without neuronal death as the essential pathophysiologic
mechanism underlying polyQ diseases, which are associated
with transcriptional dysregulations. This concept is further
supported by a previous study that demonstrated the reversible
recovery of phenotypic presentations in an HD mouse model
after the shut-off of the expression of truncated mutant Aun-
tingtin (43). A recent report of deficits in experience-
dependent cortical plasticity in presymptomatic HD mice
(44) further strengthens this concept. This concept strongly
emphasizes a wider time interval for therapeutic interventions.
Because our Q129 mice closely replicate pathophysiologic
processes in the human brain, as supported by the insertion
of a single copy gene with its own promoter, the Q129 mice
should be an ideal model for exploring possibilities for thera-
peutic interventions aimed at polyQ diseases.

MATERIALS AND METHODS
Generation and background of Q129 mice

Q76 transgenic mice were previously established in N1 proge-
nies (Drm21 line) with agouti coat color that were generated
from a CCE ES clone (13). Q76 mice were backcrossed to
C57BL/6], and the EF121 mosaic mouse (Q129-76) that
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bred the Q129 mice (see Results) was found in the N3 gener-
ation. The EF121 mosaic mouse was also crossed with
C57BL/6J females. Q129 mice used for analyses of pheno-
types and expression profiling were from the N4 or N5 gener-
ation, and those used for electrophysiological analysis were
from N6 or later generations. Q129 mice were established
by in vitro fertilization using male transgenic mice at 12
weeks of age.

Brain slice preparation

Q129 transgenic mice or their age-matched non-TG littermates
at either 1 to 2 weeks, 4—5 weeks or 12—15 weeks of age were
decapitated under ether anesthesia. Their brains were isolated
and were placed in ice-cold artificial cerebrospinal fluid
(ACSF) containing NaCl (124 mm), KCl (3 mm), NaH,PO4
(I mm), MgCl, (1.2mwm), CaCl, (24mm) and glucose
(10 mm), buffered at pH 7.4 with NaHCO; (26 mwm) and satu-
rated with 95% O, and 5% CO,. The cerebellar and pallidal
slices were cut parasagittally (250 wm thick) as previously
described (45,46). For the preparation of hippocampal slices
(250 and 400 pm thick; used for whole-cell and field record-
ing, respectively), hippocampal formations were dissected
free and cut with a tissue slicer.

Field recording

Hippocampal fEPSPs were recorded using glass electrodes
(filled with ACSF) placed in the stratum radiatum of area
CALl. Field EPSPs were evoked by stimulating the Schaffer
collateral/commissural pathway with short current pulses
(50 ws duration; 0.033 Hz) using a Teflon-coated bipolar tung-
sten electrode (Microprobe, Potomac, MD). LTP was induced
by either one or four trains of tetanic stimulation (100 pulses/
100 Hz; intertrain interval, 2 s) and monitored for 4—5 h after
the tetanic stimulation to detect late-phase LTP.

Whole-cell recording

Whole-cell patch-clamp recording was made by infrared differ-
ential contrast visualization. For voltage-clamp recording in the
GP and hippocampus, patch pipettes (4—6 M{)) containing
Cs-methanesulfonate (124 mwm), KCI (11 mMm), MgCl (2 mm),
HEPES (10 mMm), Nay-ATP (4 mm), GTP (0.3 mM), spermine
(0.1 mm), QX-314 (5mM) and 0.5% biocytin (adjusted to
280 mOsm and pH 7.3 with CsOH) were used. For recording
from neurons in cerebellar nuclei, patch pipettes (4—6 M) con-
taining CsCl (30 mm), CsOH (110 mm), EGTA (1.0 mwm),
HEPES (10 mm), MgCl, (4.6 mm), CaCl, (0.1 mm), Na,-ATP
(4mm) and Na,-GTP (04 mm) (pH 7.3, adjusted with
p-gluconate, 280 Osm, £y = —30 mV) were used. For record-
ing from PCs in the cerebellar cortex, patch pipettes (3—5 M(})
containing CsCl (60 mm), Cs p-gluconate (10 mM), TEA-C]
(20 mm), BAPTA (20 mm), HEPES (30 mm), MgCl, (4 mm),
Na,-ATP (4 mM) and Na,-GTP (0.4 mm) (pH 7.3, adjusted
with CsOH, 280 Osm) were used.

Bicuculline methiodide (20 uM) was added to isolate
glutamatergic currents. To isolate GABA 4 receptor-mediated cur-
rents, the NMDA receptor antagonist b(— )-2-amino-5-phospho-
nopentanoic acid (D-APS5, 25 uM) and the AMPA receptor

antagonist  6-cyano-7-nitroquinoxaline-2,3-dione
10 wM) were applied to ACSF.

(CNQX,

Immunohistochemical analysis

Q129, Q76 and non-TG littermates were anesthetized in ether
and perfused with phosphate-buffered saline followed by 4%
paraformaldehyde. The brains were removed and immersed
in the same fixative for 16 h. Paraffin-embedded, 4-pm-thick
sections were prepared and subjected to immunostaining
with a rabbit polyclonal antibody against ubiquitin at 1:3200
dilution (Dako, Tokyo, Japan), the mouse monoclonal anti-
body 1C2 at 1:16 000 dilution (Chemicon, Temecula, CA)
and goat polyclonal antibody APG840 at 1:2000 dilution as
described previously (10).

RT-PCR analysis

Total RNAs were extracted from the brains (whole cerebrum
and cerebellum). To avoid contamination with genomic
DNA, total RNAs were extracted twice using ISOGEN
(Nippon Gene, Tokyo, Japan) and converted into cDNA by
priming with random hexamers using an Advantage
RT-for-PCR Kit (Clontech, Mountain View, CA). PCR was
performed in a 50 pl mixture containing 2.5 U AmpliTaq
DNA polymerase (Applied Biosystems, Foster City, CA),
10 mm Tris—HCl (pH 8.3), 50 mm KCI, 1.5mm MgCl,,
200 uM dNTP and 5 pmol of each primer with an antisense
primer labeled with FAM (5-CTGCCCTGAGACCCCTCAA
C-3, 5-FAM-TGGGATGGGAGAGAAGGCTG-3). After
an initial denaturation at 96°C for 2 min, PCR was performed
for 30 cycles consisting of denaturation at 96°C for 45s,
annealing at 60°C for 1 min and extension at 72°C for
1 min, followed by a final extension at 72°C for 10 min.
PCR products were quantified by determining the area of the
chromatogram using an ABI 310 DNA sequencer and Genes-
can version 2.1 software (Applied Biosystems).

Western blot analysis

Brain samples from age-matched Q129, Q76 and non-TG lit-
termates at 4, 8 and 12 weeks of age were prepared. From
AT-FL-26Q-84 and AT-FL-65Q-150 mice (20), samples
were obtained at 7.5 months of age; these mice were trans-
genic, expressing full-length DRPLA c¢DNAs encoding 26
and 65 CAG repeats, respectively. Sample preparation and
western blot analysis were performed as described previously
(17,20). Total homogenates, 20 wg per lane, and nuclear
extracts, 30 and 35 g per lane, were subjected to western
blot analysis using the rabbit polyclonal antibody C580 (17),
polyclonal antibody AP142 (18) and 1C2 (Chemicon),
respectively.

Expression profiling analysis

Total RNAs were extracted similar to those for the RT—PCR
analysis. Brain polyA(+) RNAs were prepared using an
Oligotex-dT30(SuperymRNA Purification Kit (Takara, Otsu,
Japan) and subjected to hybridization using MullKsubA
and B oligonucleotide arrays (GeneChip) according to the

-49 -



manufacturer’s instructions (Affymetrix). Statistical analyses
were performed by error-weighted ANOVA using the Rosetta
Resolver gene expression data analysis system (Rosetta Bio-
software, Seattle, WA). For determining the number of dysre-
gulated genes at 4 or 12 weeks of age, one-way ANOVA was
first applied using intensity data (Time Slice). For post hoc
analysis, the dysregulated genes, each of which showed both
a significant difference in ratio data and an absolute fold
change > 1.5, were selected using the Rosetta Resolver (Ratio
Experiment). For identifying the genes showing age-dependent
changes, two-way ANOVA (variables: animal and time) was
first applied. For post hoc analysis, genes showing a significant
difference in ratio data at 12 weeks of age were selected using
the Ratio Experiment. A P-value of <0.05 was considered to
indicate a statistically significant difference.

SUPPLEMENTARY MATERIAL
Supplementary Material is available at HMG online.
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Reduction in QSART and vasoactive
intestinal polypeptide expression in the
skin of Parkinson’s disease patients and

its relation to dyshidrosis

Background: With regards to dyshidrosis in Parkinson’s disease
(PD), there 1s no established and consistent view on the occurrence
sites, frequency and etiology, although there have been several reports
on hypohidrosis of the limbs and sudoresis on the face/cervical region.
Methods: Hydrosis in the forearms of PD patients and healthy
mdividuals were compared by quantitative sudomotor axon reflex test
(QSART). The expression of various neuropeptides and o-synuclein
was examined with immunohistochemical staining,

Results: There was a significant reduction in QSART of PD patients
but not of healthy controls. Reduced expression of vasoactive intestinal
polypeptide (VIP) was also detected in the sweat glands of PD patients.
Conclusion: Reduction in QSART and VIP expression in the sweat
glands might be involved in the dyshidrosis of PD patients.
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Although dyshidrosis is widely known as one of the
autonomic disorders in Parkinson’s disease (PD), the
frequency of the disorder varies among investigators’
reports. Appenzeller et al.' and Aminoff et al.? found
10 disorders (53%) of 19 patients and 6 (54%) of 11
patients, respectively. Sandroni et al® reported
dyshidrosis in less than 40% of 35 PD patients.
Thaisetthawatkul et al.* reported that PD patients
had the mildest degree of the disorder. However,
Kihara et al.” failed to show significant changes in
hydrosis of PD patients. The varied frequency of
incidence and intensity of dyshidrosis might be
because of difference in techniques used or in disease
stages of PD patients.
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Sweat production is regulated by autonomic neural
system, and the dyshidrosis in PD is suggested to be
caused by autonomic neural disturbance, especially
sympathetic nervous system.® Sweat gland is inner-
vated by cholinergic sympathetic neurons.” The
sympathetic nerve-dependent sweat production can
be analyzed by a quantitative sudomotor axon reflex
tests (QSART).2 Immunohistochemical studies have
identified a number of possible peptide neuromodula-
tors (e.g. vasoactive intestinal polypeptide, VIP) in and
around cholinergic sudomotor nerve terminals and
eccrine sweat glands.®'? In this study, we examined
dyshidrosis of PD patients with QSART on sympa-
thetic nerve functions. We also examined the
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expression of neuropeptides and o-synuclein, which
affect sympathetic nerve functions, in the sweat glands
of the patients with immunohistochemical staining,

Materials and methods
Subijects

Twelve PD patients who were under the care of the
Department of Neurological Medicine in  Aichi
Medical University Hospital were the subjects. Of
these, six patients were males (mean age 69.8 years)
and six were females (mean age 69.7 years). The mean
disease duration was 103.3 months. The control group
consisted of six patients without a skin rash on the
forearm, three males (mean age 66 years) and three
females (mean age 67 years), who are under the care
of the Department of Dermatology in the hospital.
In addition, autopsy samples from three patients (two
males and one female with a mean age of 72.8 years),
who were pathologically diagnosed for having PD or
diffuse Lewy body disease from 1995 to 2003 in the
Institute for Aging, were utilized for staining of the
sympathetic ganglia. All experiments were carried out
under the consent of the patients and healthy controls.

Quantitative sudomotor axon reflex test

QSART was used to examine the integrity of post-
ganglionic sympathetic cholinergic innervation of
sweat glands.” Sweat production is measured in an
adjacent area by the increase in relative humidity in an
airtight chamber. Briefly, 10% acetylcholine was made
to infiltrate the measurement site on the right forearm
by iontophoresis for 5 min at 1 mA electric current,
and the amount for the axon reflex sweating was
quantified by using the capsule ventilation technique.
This was recorded for 10 min as the axon reflex-
mediated sweat response. Amount of perspiration
(mg/10 min) is expressed as the mean & SD. The
statistical significance of differences was determined by
unpaired Student’s ttest. A p < 0.05 vs. control
subjects was considered statistically significant.

I[mmunohistochemistry

Among 12 patients who were subjected to QSART,
3-mm punch biopsy specimens were obtained from
the forearm flexor surface of 11 patients consented
to this procedure. The specimens were fixed with
formalin and stained with hematoxylin and eosin.
They were also stained immunohistochemically with
antibodies against the following antigens: neuron-
specific enolase (NSE), protein gene product 9.5
(PGP9.5), choline acetyltransferase (ChAT), calcito-
nine gene-related peptide (CGRP) and VIP. After
deparaffinization, the specimens were treated with
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Table 1. The list of antibodies used for immunchistochemical studies

Antibody Source Dilution used
NSE Dako 1:200
PGPY.5 Dako 1:100
ChAT Chemicon (CA, USA) 1:100
CGRP Sigma (Mi, USA) 1:100
VIP Sigma (Mi, USA) 1:100
o-Syn Santa Cruz (CA, USA) 1:200
p-o-Syn Wako (Osaka, Japan) 1:2000

o-Syn, a-synuclein; CGRP, P-o.-Syn, phosphorylated «-synuclein; calcitonine
gene-related peptide; ChAT, choline acetyltransferase; NSE, neuron-specific
enolase; PGP, protein gene product; VIP, vasoactive intestinal polypeptide.

30% hydrogen peroxide, reacted with each primary
antibody (Table 1) at 4°C for 24 h and stained using
the labeled streptavidin-biotin method (DAKO,
Glostrup, Denmark) according to manufacturer’s
protocol. Nuclei were stained with Mayer’s hematox-
ylin. Three to five sweat gland secretory portions per
specimen were observed under a microscope and the

1.4

08

Amount of perspiration (mg/10min)

0.6 -
- o
04 %
0.2 |-
o
|
Control PD
(n=6) (n=12)

Fig. 1. Quantitative sudomotor axon reflex test. Axon reflex
sweating of the upper limbs in Parkinson’s disease patients and
controls were examined @®. Amount of perspiration is expressed as
the mean (white circle) £ SD. *p < 0.05 vs. control subjects.



NSE

PGP9.5

ViP

Fig 2. Expression of necuropeptides in the
sweat glands was examined with immunohis-
tochemical staining, Original magnification:
(A~F) X400; (G and H) X1000. NSE, neuron-
specific enolase; PD, Parkinson’s disease; PGP,
protein gene product; VIP, vasoactive intesti-
nal polypeptide.

staining was scored as negative (—), weak positive (:l:g
or positive (+) based on the number of positive cells.
Formalin-fixed and paraffin-embedded sections (9 pm)
of the autopsied sympathetic ganglia of the three PD
patients and three control patients were immunohis-
tochemically stained with anti-a-synuclein antibody
and anti-phosphorylated a-synuclein antibody. Simi-
lar staining was also performed with the 4-pm skin
sections.

Resuits
Quantitative sudomotor axon reflex test

QSART was carried out in 12 PD patients and six
healthy controls (Fig. 1). Reduction in QSART was
observed in 7 of 12 PD patients. The axon reflex
sweating on the upper limbs of PD patients was

Dyshidrosis in Parkinson’s disease

Control

significantly low compared with the case of the control
subjects (p < 0.05).

Histology of the sweat glands

The histology of the sweat glands of PD patients and
healthy controls was observed under a microscope.
Neither the atrophy of the sweat gland secretory
portions nor the constriction of the ducts was observed
in PD patients (data not shown). There was no
histological difference in the sweat glands between PD
patients and the healthy controls.

Expression of neuropeptides in the sweat glands

The expression of various neuropeptides was exam-
ined immunohistochemically in the sweat glands of PD
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Table 2. Comparison of the reduction in QSQRT and VIP expression

Patient Sex QSART perspiration (mg/10 min) VIP staining

0.06 -
0.13 +
0.15 -
0.15
0.25
0.32
0.43 -
0.54 +
0.76 -
0.78 -
1.00 -

LowmNohwWN =
IH

—, negative; +, 1-4 positive cells; +, more than five positive celis;
F, female; M, male; QSART, quantitative sudomotor axon reflex test;
VIP, vasoactive intestinal polypeptide.

patients (Fig. 2). In the NSE and PGP9.5 staining, both
PD and control specimens showed a nerve fiber
distribution pattern, which surrounds the sweat gland
secretory portion in a ring shape (Fig. 2A-D). The
sweat gland secretory portions in PD patients and
control samples were positively stained with ChAT and
CGRP staining and there was no significant difference
in those staining patterns. However, no VIP expression
was detected in 8 of 11 PD specimens (Fig. 2E-H), and
reduced VIP expression was detected at nerve fibers
around the sweat gland secretory portionin 3 of 1 1 PD
specimens. In addition, there was no statistical
correlation between the reduction score of QSART
and the reduction intensity of VIP staining in PD
patients. The relationship between intensities of VIP
staining and QSART levels is shown in Table 2.

Accumulation of a-synuclein

The expression of a-synuclein was examined immuno-
histochemically in thoracic sympathetic ganglion and

Thoracic sympathetic
ganglion

Control
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Skin (sweat gland)

sweat glands of PD patients. Nerve cells and nerve cell
bodies of the sympathetic ganglia in the PD autopsy spec-
imens were positively stained with anti-phosphorylated
a-synuclein antibody (Fig. 3A) and anti-o-synuclein
antibody (data not shown). However, no positive staining
was observed in skin specimens collected from the
forearms of the 11 PD patients and autopsied control
patients (Fig. 3B-D). The summary of the immunohis-
tochemical stainings is shown in Table 3.

Discussion

In this study, we show the reduction in QSART and VIP
expression in the sweat glands of PD patients. The
reduction in QSART and VIP expression might be
involved in the dyshidrosis of PD patients. QSART is
a sympathetic nerve-dependent hidrosis testing method
devised by Low et al., which was judged to be excellent
in objectivity and reproducibility by the American
Academy of Neurology.'' The reduction in QSART
suggests the involvement of altered sympathetic nerve
function in the dyshidrosis of PD patients. This study
shows the reduced sweating function on the forearm in
6 of 12 PD patients. There are already several reports
on the dyshidrosis of PD patients,'  although the
frequency and intensity varied in those reports.
Reduced VIP expression is seen in the nerves
distributed around the secretory portion of the PD
specimens. VIP is normally expressed in the dermal
vessels and the nerves around the sweat gland secretory
portion and plays an important role in hidrosis along
with acetylcholine.'? Using eccrine sweat glands
separated from a Rhesus monkey’s palm, Sato et al.'*
reported that VIP induces eccrine perspiration and
that it accumulates cyclic adenosine mono-phosphate

Fig 3. A-D) Expression of a-synuclein in the
sweat glands was examined with immunohisto-
chemical staining, Original magnification X400.
PD, Parkinson’s disease.



Table 3. The summary of immunohistachemical staining

Dyshidrosis in Parkinson’s disease

Neuropeptide
Tissue NSE PGP ChAT CGRP VIP o-Syn p-o-Syn
Control Skin + + + + + - -
Thoracic sympathetic ganglion - -
Parkinson’s disease Skin + + + + -~z (311 £) (8/11: —) - -
Thoracic sympathetic ganglion + +

o-Syn, «-synuclein; P-o-Syn, phosphorylated «-synuclein; CGRP, calcitonine gene-related peptide; ChAT, choline acetyltransferase; PGP, protein gene

product; NSE, neuron-specific enolase; VIP, vasoactive intestinal polypeptide.

(AMP) in the secretory cells and increases the secretion
of sweat. Moreover, Tainio'* confirmed that VIP
activates adenylate cyclase even without synergy from
acetylcholine in the human sweat glands and promotes
cyclic adenosine mono-phosphate (cAMP) production
from adenosine tri-phosphate (ATP). Further, the
relationship between dyshidrosis and reduced VIP
expression is known in several diseases.'>!® Based on
those findings, the reduced VIP expression in the sweat
glands of PD patients might be related to the altered
sympathetic nerve function, assessed by QSART.

The appearance of Lewy bodies in the sympathetic
nervous system leads to autonomic nervous system
dysfunction.'” 1 No deposit of a-synuclein was
observed in the sweat glands of PD patients, although
it was observed in the nerve cells and neurites of the
thoracic sympathetic ganglia. In this study, we could not
obtain the evidence on the dysfunction of sympathetic
nerves in the sweat glands by a-synuclein. However,
a possibility is not excluded that the accumulation of
a-synuclein in the thoracic sympathetic ganglia might
play a role on the dyshidrosis in PD.

Neither the atrophy of the sweat gland secretory
portions nor the constriction of the ducts was seen in the
sweat glands of PD patients. There was no significant
difference in the histology of the sweat glands between
PD patients and healthy controls. Therefore, the
dyshidrosis of PD might be responsible for functional
disorder of the perspiration nerve. It is also supported
by the reduction in QSART and VIP expression.
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An autopsy case of diffuse neurofibrillary tangles
with calcification: Early stage pathologic findings
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A 66-year-old man with no medically remarkable past
or family history gradually showed personality changes,
memory disturbance, sleeplessness and abnormal behavior.
Neurologic examination showed no focal signs and neither
parkinsonismn nor cerebellar ataxia was recognized. He
died 4 years after the onset of dementia due to chronic
renal failure. Neuropathologic examination revealed neu-
ronal loss and gliosis in the temporal cortex, particularly
in the subiculum, parahippocampal gyrus and entorhinal
cortex, and insular cortex. NFTs were observed to be
widespread in the cerebral cortex, especially the temporal
cortex and brainstem, while senile plaques were not
observed. Gallyas-Braak silver staining revealed the pres-
ence of numerous NFTs, glial inclusions and neuropil
threads throughout the cerebral neocortex, limbic system,
hippocampus and brainstem. The subiculum showed the
most severe involvement; severe atrophy, severe neuron
loss, and numerous ghost tangles (extracellular NFTs) were
apparent. Although NFTs contained both monoclonal anti-
3repeat-tau antibody (RD3) and RD4 immunoreactivity,
this differed between the intracellular NFTs and ghost
tangles. RD3 immunoreactivity was mainly observed in
ghost tangles and neuropil threads, whereas RD4 immu-
noreactivity was mainly observed in intracellular NFTs and
glial inclusions. Calcification was also found to be wide-
spread in the cerebral cortex and white matter, basal
ganglia, thalamus, cerebellar cortex, white matter and
dentate nucleus. These characteristic neuropathologic find-
ings lead to the pathologic diagnosis of diffuse neurofibril-
lary tangles with calcification (DNTC). It is argued that this
patient showed early stage pathologic signs of DNTC due
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1111, Japan. Email: iwasaki@sc4.so-net.ne.jp

Received 23 August 2008; revised 20 December 2008 and accepted
21 December 2008; published online 5 March 2009.

© 2009 Japanese Society of Neuropathology

to a short disease duration, which may provide clues
regarding the progression of this rare disease.

Key words: calcification, diffuse neurofibrillary tangles with
calcification, glial inclusion, neurofibrillary tangle, neuropil
thread.

INTRODUCTION

Diffuse neurofibrillary tangles with calcification (DNTC)
represents a primary sporadic dementia that is character-
ized by temporal-dominant cerebral atrophy with numer-
ous NFTs, glial inclusions, neuropil threads and widespread
calcification without senile plaques.™ DNTC was first
described as a rare tangle-predominant presenile dementia
by Kosaka'! and Shibayama.? A majority of reported cases
are in Japanese individuals with no apparent family history
of the disease.”” In general, DNTC shows a slow progres-
sion and is associated with behavioral change, memory
disturbance, hallucination and sometimes parkinsonism.*
DNTC patients are understood to become bedridden and
subsequently die after a median period of approximately
10 years.'?

Diffuse neurofibrillary tangles with calcification is
largely understood to affect people of Japanese descent
and only about 20 autopsied cases have been recorded.
Furthermore, there is no detailed case report regarding the
clinicopathologic findings of DNTC. This research outlines
an autopsy performed on a DNTC case which has not been
previously reported. It is believed that this patient repre-
sents an individual affected at the onset or early stage of
DNTC due to a relatively short disease duration of 4 years,
and therefore the individual may provide clues regarding
the pathologic progression of this rare disease. A discussion
of the clinicopathologic aspects of the case with respect to
DNTC phenotypic variability includes clinical findings, tau
pathology and ultrastructural examination.
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CLINICAL SUMMARY

A 66-year-old Japanese man with no medically remarkable
past or family history was transferred to the Department of
Internal Medicine at the Oyamada Memorial Spa Hospital,
Japan, due to the onset of dementia with chronic renal
failure. The patient had graduated from a senior high
school and is understood to have been socially active, but
in the few months prior to being transferred, he showed
personality changes in the form of aggression, irritability
and being more easily agitated. The patient was also
afflicted with memory disturbance, sleeplessness and
abnormal behavior including wandering, restlessness and
confusion. His speech was fluent and his ability to hold a
conversation was maintained. Although his co-operation
with medical examinations was relatively good, disorienta-
tion was apparent, and there was no recognition of the
illness from the patient. Urinary incontinence was also
observed. Focal signs including aphasia and hemiparesis,
oral tendency, parkinsonism and cerebellar dysfunction
were not observed. There were no apparent motor or
sensory abnormalities of the extremities. Tendon reflexes
were normal and Babinski signs were not present. Blood
biochemistry observations including calcium and phospho-
rus values were free from abnormalities with the exception
of blood urea nitrogen and creatinine, which were
increased. Lues reaction was negative. The clinical diagno-
sis was senile psychosis.

In a gradual progression of the changes noted in the
patient’s behavior, he eventually started to commit acts of
intense domestic violence against his wife. Sleeplessness
became severe, and wandering also worsened. Antidepres-
sant and antipsychotic drugs were administered at this
stage, but neuropsychologic symptoms and signs had not
improved. Although psychological and neurological symp-
toms gradually progressed, normal activities of daily living
were maintained until shortly before death. The antipsy-
chotic drug was discontinued because of renal dysfunction.
He died at the age of 70, 4 years after the onset of dementia,
due to chronic renal failure. Pyramidal signs and extrapyra-
midal signs were not observed throughout the clinical
course. Head CT scan and MRI were not performed.

METHODS

Neuropathologic examination

The brain was removed 12 h after death and immersed in
20% neutral buffered formalin. Spinal cord samples were
not available. The tissues were embedded in paraffin
and cut into 8-um thick sections. For routine histological
examination, each section was stained with HE, KB, meth-
enamine silver and, after pretreatment with 0.3% KMnO4,

-5]-
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Gallyas-Braak (G-B) silver staining. The Berlin-blue stain-
ing for iron, Dahl’s staining and von Kossa's staining
for calcium were also performed. The distribution of neu-
rofibrillary pathology was determined according to Braak
et al®

Immunohistochemical staining of tau isoforms was per-
formed with RD3 (monoclonal anti-3repeat-tau antibody,
1:500, clone 8E6/C11; Upstate Biotechnology, Lake
Placid, NY, USA) and RD4 (monoclonal anti-4repeat-tau
antibody, 1:200, clone 1E1/A6; Upstate Biotechnology),
in addition to phosphorylation-dependent tau epitopes
(AT-8, monoclonal, 1:1000; Innogenetics, Ghent, Belgium)
antibodies by the avidin-biotin-peroxidase complex
method with 3.3-diaminobenzidinetetrahydrochloride as
chromogen. RD3 and RD4 immunoreactivity were applied
after pretreatment of the sections in a microwave oven and
formic acid for 10 min. a-synuclein (polyclonal, at 1:400;
Santa Cruz Biotechnology, Santa Cruz, CA, USA) and
B-amyloid (monoclonal, at 1:100; DAKO, Glostrup,
Denmark) antibodies were also used where appropriate.
The immunolabelled sections were counterstained lightly
with hematoxylin.

The sections of subiculum were used for electron
microscopy. The sections were washed in phosphate buffer,
post-fixed with 1% osmium tetroxide, dehydrated in a
graded series of ethanol and embedded in Epon. Ultrathin
sections were stained with uranyl acetate and lead citrate.
The sections were then cut into 70-nm slices, and examined
with an electron microscope at 75 kV (Hitachi H-7000,
Tokyo, Japan).

PATHOLOGIC FINDINGS

Macroscopic findings

The brain weight at autopsy was 1100 g. The cerebral coro-
nally cut surfaces showed temporal lobe atrophy (Fig. 1),
but no frontal, parietal, occipial lobe, cerebellar or brain-
stem atrophy. Temporal lobe atrophy was apparently domi-
nant at the subiculum with the observation of a brownish
discoloration and the mild atrophied area extended over
the entire temporal lobe, including the superior, middle
and inferior temporal gyrus, hippocampus and parahip-
pocampal gyrus. The basal ganglia, thalamus and cerebral
white matter showed no abnormality. Dilatation of the
lateral ventricles, predominantly in the inferior horns, was
also observed. The vessels of the brain showed no gross
abnormalities.

Microscopic findings

Mild to severe neuron loss with gliosis was observed in the
temporal cortex and insular cortex. Most severe neuron

© 2009 Japanese Society of Neuropathology
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Fig. 1 Macroscopic findings of coronal section of the cerebral
hemisphere. Subiculum is severely atrophic. Mild cortical atrophy
is also observed in the temporal neocortex and the hippocampus.
Inferior horns of the lateral ventricles are enlarged. The frontal
lobe, striatum and thalamus are well preserved. Scale bar, 1 cm.

loss was observed in the subiculum to Cornu ammonis
(CA)1 regions. In the subiculum, neuron loss was severe
and numerous extracellular NFTs (ghost tangles) were
observed (Fig. 2a). Mild loss of myelin and gliosis were
present in the white matter of the temporal convolutions
and insular gyrus. Spongiform change was observed in the
II to III layers of the insular cortex. Hypertrophic astrocy-
tosis was not so apparent in these affected regions. Some
plaque-like structures® were found around small vessels in
the temporal lobe, particularly in deep layers of the cortex
and subcortical white matter, and a few were detected in
the deep white matter. G-B silver staining revealed that the
presence of numerous NFTs, glial inclusions and neuropil
threads was widespread throughout the cerebral gray
matter, particularly in the frontal (Fig. 3a) and temporal
cortex, subiculum (Fig. 2b), hippocampus, amygdala, cingu-
late gyrus (Fig. 3b), claustrum, medial thalamus (Fig. 3c),
mamillary body and insular cortex. In the caudate nucleus,
putamen, globus pallidus, lateral thalamus and subthalamic
nucleus, G-B-positive structures were relatively few in
number. Glial inclusions showed coiled bodies while
starlike-inclusions were thorn-shaped and tuft-shaped.
Coiled bodies were suggested in oligodendrocytes and
starlike-inclusions were in astrocytes, morphologically.
Although the cerebellar cortex and white matter showed
no apparent positivity with G-B silver staining, the dentate
nucleus showed some NFTs, glial inclusions and neuropil
threads. NFTs were also observed in the pontine nucleus,
pontine tegmentum (Fig. 3d), locus ceruleus and substantia
nigra, while no neuron loss was observed in the brainstem
regions. The Braak’s NFTs stage was V. In contrast with the
widespread occurrence of NFTs, no senile plaques were
detected by methenamine silver staining. Lewy bodies,
neurites and Pick bodies were not observed.
Considerable precipitates of calcium-based substances
were also observed to be widespread in the cerebral cortex
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and white matter, putamen, globus pallidus, thalamus and
cerebellum (granule cell layer, white matter and dentate
nuclei) (Figs 4,5a). These calcium depositions were
observed in the parenchyma, and also in the walls of
capillaries and arterioles. Although von Kossa’s staining
showed only a weak stain (Fig. 5b), Dahl’s staining showed
apparent positivity in these calcifications (Fig. 5¢). Berlin-
blue staining also showed apparent positivity which sug-
gested the occurrence of iron accumulation in these
calcifications (Fig. 5d). These calcium substances were not
stained by G-B silver staining. Calcifications were not
related with neuron loss, gliosis or presence of NFTs.

Immunohistochemical findings

AT-8 immunostaining also revealed diffuse and abundant
NFTs, glial inclusions and neuropil threads in the cerebral
cortex and brainstem. AT-8 gave the strongest staining,
recognizing intracellular NFTs and neuropil threads. Ghost
tangles were well identified by RD3 (Fig. 2¢) and poorly
stained by RD4 (Fig. 2d); they demonstrated decreased
staining intensity for AT-8. Intracellular NFTs were posi-
tive for both RD3 and RD4; they were well-identified by
RD4. RD3 immunoreactive intracellular NFTs were of
dense oval or lump-shaped appearance, while RD4 immu-
noreactive intracellular NFTs demonstrated a fibrous
flame-shaped appearance. Neuropil threads were predomi-
nantly stained for RD3 (Fig. 2¢), and a small amount of
neuropil threads were also positive for RD4 (Fig. 2d).
Coiled bodies in oligodendroglias and astrocytic inclusions
were also positive for RD4 immunostaining (Fig. 2d). No
amyloid plaques were observed to react with the anti-f-
amyloid antibodies, and a-synuclein positive structures
were not found.

Calcium deposition was not stained by anti-tau (AT-8,
RD3 and RD4), anti-o-synuclein or anti-B-protein
immunostaining.

Electron microscopy

Straight fibrils were mainly observed in the NFTs located
in the subiculum (Fig. 6a,b). Some paired helical filaments
were also found (Fig. 6¢).

DISCUSSION

We believe this case should be diagnosed as DNTC based
on the following pathologic findings: temporal dominant
lobar atrophy and lateral ventricular dilatation; presence of
numerous NFTs throughout the cerebral gray matter and
brainstem; widespread pathologic calcification in the cere-
brum and cerebellum and the absence of senile plaques.
No other neuropathologic features suggestive of complica-
tions arising from other neurological disorders, including
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Pick’s disease and dementia with Lewy bodies, were
evident. We also believe that this patient showed the early
stages of DNTC pathologic findings due to a short disease
duration of 4 years. The patient may therefore provide
clues regarding the pathologic progression of this rare
disease.

Diffuse neurofibrillary tangles with calcification has
been considered an extremely rare entity of a slowly pro-
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Fig.2 Representative microscopic
images of the subiculum. (a) Neurons
are severely reduced in number. Nume-
rous ghost tangles are recognized. (b)
Numerous NFTs and neuropil threads
are observed (c) Numerous RD3 (anti-
3repeat-tau antibody)-positive structures
are observed in the ghost tangles and neu-
ropil threads. (d) Smaller numbers of
RD4 (anti-4repeat-tau antibody)-positive
flame-shaped NFTs are also recognized.
Coiled bodies in oligodendroglias and
astrocytic inclusions are also positive for
RD4 immunostaining. Some RD4-positive
neuropil threads are observed. Scale bar,
100 um. a, KB staining; b, Gallyas-Braak
silver staining; c, RD3 immunostaining; d,
RD4 immunostaining.

Fig.3 NFTs in the representative
regions. Many glial inclusions and neuropil
threads are also observed. (a) Frontal neo-
cortex; (b) cingulate gyrus; (c) medial
thalamus; (d) pontine tegmentum (supe-
rior central nucleus). Gallyas-Braak silver
staining. Scale bar, 200 pum.

gressive presenile dementia involving memory disturbance
and frontotemporal symptoms. However, it is asserted that
DNTC may occur more frequently than generally reported
because DNTC patients are often clinically misdiagnosed
as suffering from Alzheimer’s disease or Pick’s disease.”
Shibayama et al? pointed out that the early stages of
DNTC resemble Alzheimer’s disease in that the patient’s
personality and mobility are maintained. However, the

© 2009 Japanese Society of Neuropathology



An autopsy case of DNTC

Fig. 4 Calcium deposition in the repre-
sentative lesions. These cartifications are
observed in the parenchyma, and also in
the walls of capillaries and arterioles. (a)
Frontal neocortex; (b) dentate nucleus
of cerebellum. HE staining. Scale bar,
200 pm.

Fig. 5 Calcium deposition of the cerebel-
lar cortex. HE staining, Dahl’s staining and
Berlin-blue staining show apparent posi-
tivity in the calcifications. Von Kossa’s
staining shows a particularly weak effect.
(a) HE staining; (b) Von Kossa’s staining,
(c) Dahl’s staining; (d) Berlin-blue stain-
ing. Scale bar, 200 pm.

course of the disease entails an accrual of Pick’s disease-
like symptoms of frontotemporal dementia such as apathy,
disinhibited behavior, and personality change, and the
disease is eventually characterized by a mixture of both
sets of symptoms. Symptoms of the present case resembled
Alzheimer’s disease with the onset of memory disturbance
and relatively normal mobility. At the same time, person-
ality change and abnormal behavior resembled Pick’s
disease. Although, apraxia and agnosia were not recog-
nized, these findings are compatible with other reports
regarding DNTC.2?

Neurodegenerative diseases with pathologic inclusions
containing fibrillary aggregates of tau protein, collectively
termed tauopathies, include both sporadic and familial
disorders.” In sporadic tauopathies, including DNTC,
the accumulation of abnormally phosphorylated tau in
neurons and glias constitutes characteristic inclusions and
regional distributions, respectively.” G-B silver staining and
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phosphorylated tau immunohistochemistry clearly demon-
strate tau-positive inclusions in neurons and glias.” Flame-
shaped NFTs in the cell bodies and apical dendrites of
neurons and neuropil threads in distal dendrites are con-
sidered characteristic features of DNTC.” In DNTC, coiled
bodies and starlike-inclusions both thorn-shaped and tuft-
shaped are detected in the most severely affected sites
(the temporal and limbic lobes) suggesting the possibility
that glial inclusions are secondary formations by neuronal
degeneration.”®

Tau protein exists as six isoforms in the normal adult
human brain.’ A comparative biochemical study of tau
aggregates has shown that these isoforms differ with regard
to both the level of phosphorylation and content.” We used
two characteristic monoclonal antibodies in the present
study; RD3 (anti-3repeat-tau antibody) and RD4 (anti-
4repeat-tau antibody). Although NFT contained both RD3
and RD4, immunoreactivity of these differed between
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intracellular NFTs and ghost tangles. Intracellular NFTs
were both positive in RD3 and RD4 but particularly
well-identified by RD4. In the case of ghost tangles, RD3
immunoreactivity was more predominant. Furthermore,
RD3 immunoreactivity was distinctive in neuropil threads,
whereas RD4 immunoreactivity was distinctive in glial
inclusions. Thus, tau-positive structures demonstrated het-
erogeneity and it is suggested that the isoform composition
of DNTC may have a spectrum. In more advanced stages
of DNTC cases, the immunoreactivity of tau isoforms may
reflect proteolysis or modification of tau proteins in the
disease process.” However, an immunohistochemical study
of tau accumulation in early stages of Alzheimer-type
neurofibrillary lesions revealed no specific tau isoform
patterns.”” Tanabe et al.'! reported that ghost tangles were
immunoreactive for the beta-amyloid 40 (AB40) in both
DNTC and Alzheimer’s disease, which could mean that
APB40 deposition is a secondary phenomenon.

In DNTC, NFTs are widespread in the cerebral cortex,
particularly in the temporal cortex and hippocampus, as
well as the brainstem, while senile plaques are only present
in small numbers.!”* Also, the strong correlation between
regions of prolific NFTs and regions of intense neuron loss
and atrophy in DNTC suggests that NFTs are the primary
component of the pathology.'” These findings also suggest
that NFTs with neuron loss strongly contribute to clinical
symptoms such as dementia. According to the distribution
and degree of the degenerative lesions of the present case,
we speculate that the pathologic progression of DNTC
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Fig. 6 Electromicrograph of NFTs in the
subiculum. (a) Fibrils are recognized near
the nucleus; (b) straight fibrils are mainly
observed; (c) some paired helical fila-
ments are also observed (indicated with
arrowheads). (a) 3500x; (b) 30 000x; (c)
100 000x.

begins from the subiculum, before spreading to the limbic
system, particularly in the insular cortex, hippocampus and
entorhinal cortex.

Yokota eral!’ investigated DNTC brains using
immunohistochemistry and demonstrated remarkable o-
synuclein deposition: Lewy bodies were in the neurons
and astrocytes in many anatomical regions including the
amygdala and hippocampus and, to a lesser degree, in the
substantia nigra and dorsal vagal nucleus. The distribution
pattern of a-synuclein-immunoreactive structures differed
from that observed in Parkinson’s disease and dementia
with Lewy bodies.? It is likely that o-synuclein protein
tends to accumulate in the regions where NFTs were most
often observed.”? Because no o-synuclein-positive struc-
ture was observed in the present case, we speculate that
o-synuclein-positive structures are developed in progres-
sive pathologic stages of DNTC.

Widespread calcification, particularly occurring in the
basal ganglia and the dentate nucleus of the cerebellum, is
one of the most characteristic features of DNTC.'* Inter-
estingly, this present case showed only a weakly positive
result for Kossa’s staining for calcium, but apparent
positivities of Dahl’s staining for calcium and Berlin-blue
staining for iron. Ujihira ef al.® used analytical electron
microscopy to demonstrate accumulation of both iron and
calcium in DNTC calcifications. In the present case, no
apparent degeneration and neuron loss in the basal ganglia
and cerebellum were observed, despite distinct calcifica-
tion in these areas. Tsuchiya et al." also suggested the same

© 2009 Japanese Society of Neuropathology



An autopsy case of DNTC

findings. This finding shows that cellular function was main-
tained despite severe calcification, strongly indicating that
calcification and neuronal degeneration occur indepen-
dently in DNTC. Furthermore, the relationship between
the distribution pattern of NFTs and calcification was not
observed. It may be argued that clinical presentation is not
influenced by calcification, because parkinsonism and cer-
ebellar ataxia were not identified in the present case.

The filaments of NFTs from DNTC brains appeared
structurally identical to the paired helical filaments
observed in Alzheimer’s disease that have been reported
by ultrastructural examination.*!' In Alzheimer’s disease,
about 95% of tau filaments are in the form of paired
helical filaments, and the remainder consists of straight
fibrils. The present case showed that a majority of the fila-
ments in NFTs showed straight fibrils. It is argued that
DNTC may provide a unique opportunity to determine
the role that tau-rich NFTs, glial inclusions and neuropil
threads play in the dysfunction and degeneration of
neurons in tauopathies.

We consider this patient to have shown the early-stage
pathologic findings of DNTC due to a short disease dura-
tion. We speculate that the pathologic progression of
DNTC begins from the subiculum before spreading to the
limbic system, and that o-synuclein-positive structures are
developed in progressive pathologic stages of DNTC. Fur-
thermore, tau-positive structures demonstrated heteroge-
neity and it is suggested that the isoform composition of
DNTC may have a spectrum.
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Abstract
Background/Aims: Semantic dementia is a subtype of fron-
totemporal lobar degeneration, of which an initial symptom
is semantic aphasia. Semantic dementia pathologically cor-
responds to atypical Pick’s disease (aPiD), showing ubig-
uitin-positive inclusions similar to those in dementia with
motor neuron disease (D-MND). Previous studies have not
clarified the regions responsible for semantic aphasia in
aPiD, and there have been no reported neuropathological
studies concerning its pathomechanism. Methods: We neu-
ropathologically investigated aPiD and D-MND cases with
and without semantic aphasia. Results: We determined that
the regions involved in the early stage of the disease course
of semantic dementia were more restricted to the anterior
and inferior portion of the temporal lobe on the side of the
dominant hemisphere. Conclusion: Degeneration of the
temporal poleis most likely to participate in the pathomech-
anism of SA in semantic dementia.

Copyright © 2009 S. Karger AG, Basel

Introduction

Frontotemporal lobar degeneration (FTLD) is charac-
terized by behavior and personality change, language
disorder and cognitive decline as well as atrophy of the
frontal and anterior temporal lobes. FTLD clinically in-
cludes 3 subtypes of frontotemporal dementia (FTD), se-
mantic dementia (SD) and progressive nonfluent aphasia
[1]. Each subtype has a characteristic pattern of cerebral
atrophy: FTD is associated with bilateral frontal lobe at-
rophy [2], SD with left-dominant anterior temporal lobe
atrophy [3], and nonfluent aphasia with left-dominant
perisylvian atrophy [4].

A consensus on clinical diagnostic criteria of FTLD
refers to language disorder of SD, including progressive,
fluent, empty spontaneous speech, loss of word meaning
and comprehension, and semantic paraphasia, which
corresponds to semantic aphasia (SA) [1]. Hodges et al. [5]
reported 5 cases showing SA in the early stage of the dis-
ease course in spite of mild memory problems, when the
disease course of FTLD was divided into the early, middle
and late stages [1], and defined SD as syndromes present-
ing with: (1) selective impairment of semantic memory
(SA); (2) normal perceptual skills, and (3) relatively pre-
served day-to-day memory [5].
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On the other hand, FTD is clinicopathologically clas-
sified into the frontal lobe degeneration type, Pick type
and motor neuron disease (MND) type. Classical Pick’s
disease includes 2 clinicopathological subgroups: Pick’s
disease with Pick bodies showing frontal-dominant lobar
atrophy (PiD), and atypical Pick’s disease without Pick
bodies showing temporal-dominant lobar atrophy (aPiD)
[6, 7], although the term of Pick’s disease has been re-
cently applied only to cases with Pick bodies. PiD dem-
onstrates tau-positive neuronal inclusions, termed Pick
bodies, corresponding to Pick-type FTD [8], whereas
aPiD demonstrates ubiquitin-positive, tau-negative neu-
ronal inclusions, corresponding to SD [6, 7]. Similar ubiq-
uitin-positive, tau-negative neuronal inclusions are also
found in the MND type of FTD [9], corresponding to de-
mentia with MND (D-MND) [10]. aPiD and D-MND are
now included in FTLD with ubiquitin-positive inclusions
(FTLD-U) [11], FTLD-U without MND and FTLD-U
with MND, respectively, although FTLD-U without
MND is not always compatible with SD. The 2 disorders
have different appearance patterns of ubiquitin-positive
inclusions. Ubiquitin-positive inclusions are found in the
frontal and temporal cortices, dentate gyrus and striatum
and appear as dystrophic neurites (DNs) in aPiD [6, 12],
whereas these inclusions are found in similar regions and
appear as neuronal cytoplasmic inclusions (NCIs) in D-
MND (1, 9, 13]. TAR-DNA-binding protein 43 (TDP-43)
was very recently identified as a major component of
ubiquitin-positive inclusions in FTLD-U ({14, 15], and
DNs or NCIs in both aPiD and D-MND were also posi-
tive for TDP-43 [16].

These 2 types of FTLD-U have common clinical fea-
tures such as personality and social-conduct disorder [1],
but different kinds of language disorder: aPiD shows SA
and preserved fluent speech in the early stage of the dis-
ease course [5, 7, 17], whereas D-MND reveals no SA but
altered speech output and dysarthria [10].

Many neuroimaging studies have reported a link be-
tween SD and degeneration of the temporal lobe, espe-
cially the anterior portion [18, 19]. SD showed focal gray
matter tissue loss in the bilateral anterior temporal gyri,
amygdala and anterior hippocampal region [2]. Structur-
al image analysis indicated that temporal lobe atrophy in
SD includes the parahippocampal, anterior fusiform and
middle temporal cortex (MT) [2, 18]. A recent PET study
reported that the inferior temporal cortex (IT) showed no
activation in SD subjects who had notable deficits in
naming despite the normal subjects’ activation, while the
MT was activated by semantic tasks [20]. Mummery et al.
[20] also indicated that the function of the MT is more
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concerned with semanticknowledge, although that of the
IT was concerned with lexical-phonological retrieval. In
contrast to these neuroimaging studies, neuropathologi-
cal studies to examine the regions involved in the early
stage of the disease course of SD have not been thorough-
ly carried out.

In the present study, we neuropathologically investi-
gated 5 aPiD cases with SA and 5 D-MND cases without
SA as controls, and attempted to clarify the regions re-
sponsible for SA.

Materials and Methods

We examined 10 post-mortem brains from 5 aPiD and 5 D-
MND cases. The clinical data of all examined cases are given in
table 1, and MRI findings of 2 aPiD cases (in the early stage of the
disease course in case 1 and the late stage of the disease course in
case 2) are indicated in figure 1. All 5 aPiD cases showed SD in
the late stage of the disease course.

Cerebral hemispheres of all examined cases were fixed in 4%
paraformaldehyde in 0.1 M phosphate buffer, pH 7.4, embedded
in paraffin and cut into 6-pm-thick sections. These cases were
pathologically diagnosed with hematoxylin-eosin (HE), Kliiver-
Barrera (KB), methenamine-silver and Gallyas-Braak methods,
aswellasimmunohistochemical methods described below. Hemi-
spheric serial sections were immunostained with the following
antibodies: anti-ubiquitin (ub; MAB1510, monoclonal, mouse,
1:8,000; Chemicon, USA), TDP-43 (polyclonal, rabbit, 1:2,000;
Protein-Tech, USA), PHF tau (ATS8, monoclonal, mouse, 1:2,000;
Innogenetics, Belgium), phosphorylated a-synuclein (Pserl129,
monoclonal, mouse, 1:20,000, donated by Dr. T. Iwatsubo) [21],
amyloid B protein (polyclonal, rabbit, 1:5,000, donated by Dr. T.
Ishii), and anti-glial fibrillary acidic protein (GFAP) (polyclonal,
rabbit, 1:4,000, Dako, Denmark) antibodies. These sections were
pretreated with 70% formic acid for 10 min to TDP-43, phosphor-
ylated a-synuclein and amyloid 3 protein. Each immunolabel was
detected using the avidin-biotinylated horseradish peroxidase
complex (ABC) method (Elite Kit, Vector, USA) and visualized
with 3,3’-diaminobenzidine tetrahydrochloride (DAB, Wako, Ja-
pan).

The degree of neuronal loss with gliosis was evaluated with
HE, KB and GFAP stainings in the following regions: frontal cor-
tex (superior frontal, orbital and anterior cingulate cortex), tem-
poral cortex [temporal pole, anterior and posterior portions of the
superior temporal cortex (AST and PST), middle temporal cortex
(AMT and PMT), inferior temporal cortex (AIT and PIT), ento-
rhinal and parahippocampal cortex], hippocampus (subiculum,
CALI and dentate gyrus) and amygdala, and was graded from 0 to
3, where 0 = absent, 1 = mild neuronal loss with mild gliosis and
spongy change, 2 = moderate neuronal loss with moderate gliosis
and spongy change, 3 = severe neuronal loss with rare intact neu-
rons, severe gliosis and spongy change. The number of ub-posi-
tive inclusions including NCIs and DNs was counted on micro-
scopic fields at X200 magnification in the same regions. The
average number of the largest 3 values of ub-positive NCIs or
DNs in each region was calculated separately, and scored from
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Table 1. Clinical data of the examined cases

Age, years Duration, years Brain weight,g Involved lobe Initial symptoms
aPiD
Case 1 64 13 810 FL<TL SA and amnestic aphasia
Case 2 68 4 1,040 FL<TL SA and amnestic aphasia
Case 3 68 6 1,120 FL<TL SA and amnestic aphasia
Case 4 70 7 1,095 FL<TL SA and amnestic aphasia
Case 5 81 5 950 FL<TL SA and amnestic aphasia
Average 70.2 7.0 1,003
D-MND
Case 6 55 4 1,340 FL>TL weakness of muscle strength and personality change
Case 7 59 3 1,090 FL=TL weakness of muscle strength and personality change
Case 8 67 3 1,230 FL>TL weakness of muscle strength and personality change
Case 9 68 4 1,000 FL>TL weakness of muscle strength and personality change
Case 10 79 6 1,130 FL=TL weakness of muscle strength and personality change
Average 67.9 5.6 1,215

aPiD = Atypical Pick’s disease; D-MND = dementia with motor neuron disease; FL = frontal lobe; TL = temporal lobe.

(0) to (3), where (0) = absent, (1) = =1 but <3, (2) = =3 but <9,
and (3) = =9.

For statistical analysis, SPSS software (v. 14.0) for Windows
was employed. The t test was performed for the mean values of
grades of neuronal loss or scores of the number of ub-positive in-
clusions between 2 regions. p < 0.05 were considered significant.

Results

The clinical data and brain weights of the examined
cases are described in table 1. All aPiD cases showed SA
such as difficulty of retrieving the names of objects and
semantic paraphasia as well as amnestic aphasia in the
early stage of the disease course. Apathy and personality
change such as disinhibition and stereotypy followed SA,
and then amnesia became apparent. In contrast, all D-
MND cases developed weakness of muscle strength of
extremities and gait disturbance as well as apathy and
personality change in the early stage of the disease course.
These cases did not represent SA but altered speech out-
put and dysarthria.

Figure 1a shows the MRI findings of 1 aPiD case (case
1, right-handed) in the early stage of the disease course
when SA and amnestic aphasia without dementia were
noted. Knife-edged atrophy of the anterior portion of the
left temporal lobe was detected. The superior temporal to
the fusiform gyrus are also involved, but the parahippo-
campal gyrus, hippocampus and amygdala are almost
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preserved. Figure 1b reveals MRI findings of another
aPiD case (case 2, left-handed) in the late stage of the dis-
ease course when SD was obvious. Knife-edged atrophy
of the anterior portion, severe atrophy of the temporal
lobe from the superior temporal to the parahippocampal
gyrus as well as the hippocampus and amygdala were de-
tected with right predominancy.

Macroscopically, all aPiD cases showed anterior dom-
inant temporal lobar atrophy with unilateral predomi-
nancy and relatively preserved frontal lobes (fig. 2a). Se-
vere atrophy of the temporal pole and mild-to-moderate
atrophy of the superior temporal to the parahippocampal
gyrus as well as the hippocampus were found. On the
other hand, all D-MND cases revealed mild atrophy of
the dorsal portion of the bilateral frontal lobes with rela-
tively preserved temporal lobes (fig. 2b).

Microscopically, the results of the regional evaluation
of neuronal loss in aPiD and D-MND cases are shown in
table 2. In aPiD cases, moderate-to-severe neuronal loss
was found in the anterior temporal cortex (temporal pole,
AST, AMT, AIT and entorhinal cortex), and the average
grade ranged from 2.0 to 3.0. The temporal pole showed
the most severe neuronal loss, with an average grade of
3.0. The posterior temporal cortex (PST, PMT, PIT and
parahippocampal cortex) showed mild-to-moderate neu-
ronalloss that ranged from 1.6 to 2.6. The PIT or parahip-
pocampal cortex showed significantly more severe neu-
ronal loss than PST (p < 0.05). The frontal cortex showed
milder neuronal loss than the temporal cortex, and this

Yamamoto et al.



Fig. 1. MRI findings of cases 1 and 2.
a Case 1 (right-handed) at an early period
in the clinical course. The parahippocam-
pal gyrus, hippocampus and amygdala are
preserved. b Case 2 (left-handed) at late
period of the clinical course. Severe atro-
phy of the temporal lobe from the superior
temporal to the parahippocampal gyrus as
well as the hippocampus and amygdala,
with right predominancy.

Fig. 2. Macroscopic findings of the cere-
bral hemispheres of cases 2 and 6. a Case
2. Anterior dominant temporal lobar atro-
phy with right predominancy. b Case 6.
Mild atrophy of the dorsal portion of the
bilateral frontal lobes.

ranged from 1.4 to 1.6. The hippocampus and amygdala
showed mild neuronal loss, ranging from 1.0 to 1.5. The
temporal cortex showing moderate-to-severe neuronal
loss demonstrated neuronal loss and gliosis in the whole
layers, especially in layers II-IIlab and V-VI, accompa-
nied by spongy change in layers II-1Ilab (fig. 3a, b).
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In D-MND cases, both the frontal and temporal cor-
tex showed mild neuronal loss that ranged from 1.2 to 1.6
and from 1.0 to 1.6, respectively. There was no significant
difference in neuronal loss between the anterior and pos-
terior temporal cortex. The hippocampus and amygdala
showed mild neuronal loss, ranging from 1.0 to 1.5. The
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