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Fig. 2. SEFs in a representative old subject. (A) A plot of all sensors. As in Fig. 1A, small letters (i.e., a, b, ¢) represent the sensors showing maximal amplitudes for SI, cSII, iSII,
respectively. (B) Enlarged figures for the sensors indicated by the small letters and each isocontour map at peak latency. This subject shows increased amplitude of N20m as
well as shortened peak latencies for the bilateral SII responses. The waveforms of SIl show shorter duration without a change in the onset.
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relatively lower in frequency and value. The activities lasted up to
200 ms in both areas, peaking at around the time of maximal
amplitudes of SEFs in each area (Fig. 3A and B). In a group compar-
ison, the PLFs of both SI and SII were significantly increased in the
old subjects (Fig. 4, left and middle columns). The point-by-point t-
tests showed significant differences in the entire time-frequency
range of the observed activity in SI and cSII (Fig. 4, right column,
top and middle). Since the significant points were distributed in
a contiguous manner ranging from alpha to gamma band in both
areas, we defined ROIs as follows: 8-120 Hz and 0-200 ms for S,
and 8-60 Hz and 0-200 ms for cSII. We performed the group com-
parison using mean values of a contiguous region within the ROIs,
and verified the significance in SI (p < 0.001). Likewise, PLF of cSII
was significantly increased in the old (p <0.01). Concerning iSII,
the increase was significant in a restricted region within the gam-
ma-frequency band, ranging from 35 to 50 Hz within 65-135 ms of
the post-stimulus period (Fig. 4, right column, bottom). Group
comparison using means of contiguous values within the ROI con-
firmed a significant increase in the old subjects (p < 0.01).

3.4. wPLIs between SI and SII

In the wPLI analysis, we identified a significantly correlated
activities between SI and SII (Fig. 5A and B). The increase of wPLI
was observed within 200 ms following the stimulus onset with
an identical time-course to SEFs and PLFs, and the frequency
spanned broadly, ranging from alpha to gamma band. Despite

the close proximity of cSII to SI, the synchronous activities in the
two regions were well separated (Fig. 5C). Overall, the activities
were relatively low in the young subjects, whereas the old subjects
showed overt activities (Fig. 8, left and middle columns). In view of
the difference in frequency and time window between the groups,
we set the time-frequency ROIs as follows: 8-13 Hz and —100-
150 ms for SI-cSII (Fig. &, right column, top), 8-50Hz and
0-200 ms for SI-iSII (Fig. 6, right column, middle), 8-50 Hz and
0-125 ms for cSII-iSII (Fig. 8, right column, bottom). Consequently,
mean values obtained from the contiguous time-frequency regions
proved significant increase in the old subjects for all comparisons
(p <0.001 for SI-iSIl and cSII-iSII, p < 0.01 for SI-cSII).

4. Discussion

The current study provides the electrophysiological evidence of
age-related changes within the somatosensory areas. We demon-
strated the age-related changes both in SI and Sl by conventional
SEF analysis as well as the measures of synchronous oscillatory
activities. In particular, the most novel finding of this study is that
the age-related changes occur outside SI, namely in SII. PLF mea-
sures local field synchrony, while wPLI reflects functional connec-
tivity between the two cortical areas. Thus, age-related changes are
profound across the somatosensory areas with interaction between
each other. We discuss each finding in detail in the following
sections.
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4.1. Age-related changes in major components of SEFs

With respect to SI, we found significantly increased amplitude
of N20m in the old, which was well consistent with the previous
reports using SEP and SEF (Drechsler, 1978; Huttunen et al,
1999; Stephen et a1, 2006). This finding is probably caused by cor-
tical disinhibition in SI that is closely related to the intracortical
inhibitory mechanism. An SEP study examining high frequency
oscillations (HFOs) in humans has demonstrated that old subjects
exhibited enhancement of the later peaks of HFOs (Nakano
and Hashimoto, 1999), which is linked to the GABAergic interneu-
ronal inhibitory mechanism within SI (Hashimoto et al, 19%6;
Hashimoto, 2000; Ozaki and Hashimoto, 2011). In functional re-
spect, age-related expansion of the hand representation has been
observed in humans (Kalisch et al,, 2009). A higher threshold for
spatial discrimination in the old (Dinse et al, 2006) was shown

to be significantly correlated with the enlarged hand representa-
tion, which resulted from the decreased inhibition within SI
(Kalisch et al., 20068). Thus, there is an ample body of evidence to
support the disinhibition in SL Our results also showed that the
latency of N20m was prolonged in the old, which is a reasonable
finding in normal aging due to the slowing of conduction velocity
in the periphery. Since the prolongation was significant even after
adjusting for height, it would underpin the presence of age-related
changes in our subjects.

Interestingly, the SEF analysis showed that the latencies of SII
were significantly shortened in the old subjects. This was an unex-
pected finding given the slowing of conduction velocity in the
afferent inputs. The latency that we measured in this study was
the peak latency of the major component of SII. A careful inspec-
tion of the waveforms revealed that they were steeper in the old
than in the young without affecting the onset latency. Thus, our
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finding suggests faster excitation rather than earlier excitation in
SII. Enhanced cortical excitability may lead to higher amplitude,
but amplitude difference between the two groups did not reach a
significant level probably due to the problem with source-to-
sensor distance. However, the PLF analysis discussed in Section 4.2
provides supportive findings in consolidating the age-related
changes in cortical excitability in SII.

4.2. Age-related changes across SI and SII evidenced by the phase
analysis

As emphasized in Section 2, PLF and wPLI are independent of
the amplitudes of original signals and purely reflect information
about the phase. Thus, we can provide meaningful results about
the age-related changes in SI and SII by analyzing both local and in-
ter-areal oscillatory activities using those indices. First, the PLF
analysis showed substantial changes in local field synchrony in
each cortical area. The age-related increase of PLF in SI well consol-
idates the cortical disinhibition in connection with the increased
N20m amplitude, which alone might not be sufficient for proving
the enhanced activity, considering the influence of distance.
More importantly, we could demonstrate the enhanced local
synchrony in SII, as evidenced by the increased PLF in bilateral
SlIs. This finding is also consistent with SEFs of SII, in which the
shortened peak latency in conjunction with steeper waveforms
was suggestive of enhanced synchrony in its activity. Although
the amplitudes were not significantly different in the SEF analysis,
PLF was more successful in consolidating the magnitude of excit-
ability in SII, probably by overcoming the issue of source-to-sensor
distance. The PLF of cSIIl may be affected by its proximity to SI,
which showed prominent activity in the old subjects (i.e., volume

conduction effect). However, iSIl was well isolated from SI so that
the analysis of iSII region was unaffected by the enhanced SI activ-
ity. Since the PLF of iSII was significantly increased in the old, it is
likely that cSII also shows increased PLF due to its closer relation-
ship with SI. Therefore, we provide solid evidence for enhanced
cortical excitability in SII. Secondly, we demonstrated the signifi-
cantly enhanced functional interaction between SI and SII in the
wPLI analysis. We used wPLI, but no other coherence measures,
to ensure not to analyze synchrony between the signals with the
same source (i.e, common source problem). Consequently, the
functional correlation was evident in the alpha to gamma fre-
quency band, which is consistent with the previous studies using
the phase-locking value (PLV) (Hagiwara et al, 2010; Simdes
et al., 2003). Despite the spreading activity of SI to the adjacent cSII
region, especially in the old, the wPLI analysis was successful in
delineating meaningful synchrony between SI and cSIL This is
not surprising because the original report of wPLI demonstrated
truly coherent activity with an even closer distance of neighboring
sensors, as in the setting of local field potential measurement
(Vinck et al,, 2011). The lower wPLI values, especially in the young
subjects, may be attributable to methodological differences
between wPLI and PLV. PLV weighs a synchronicity of oscillations
with zero phase-delay as maximal value, whereas wPLI takes up
synchronous activity with consistent phase-lag while dismissing
the zero phase-lag components as the volume conduction or
common source effect. Thus, the false positive rate is minimized
in the wPLI analysis while the level of specificity is maximized.
In addition, the absence of any task-related effects can be related
to the low wPLI values. The lack of significant increase in high-
frequency activity between SI and cSII may also be attributable
to the same reasons. However, even taking that into account, it
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may still be questionable whether the wPLI values correspond to
all physiological phenomena for functional connectivity. However,
since the relative increase of coherent activities is valid on the ba-
sis of the statistically significant increment of wPL], it is clear that
the old subjects showed an enhanced functional interaction be-
tween SI and SII. Additionally, it is reasonable to assume that the
disinhibition of the activities in SI and Sl as evidenced by the
PLF analysis resulted in disinhibition of the cortico-cortical inter-
action. Another possible reason for the increased functional inter-
action, which we should mention, is a plastic-adaptive process in
SIL Lesion studies in animals demonstrated that the inactivation
of the SII cortex resulted in reduced activity of SI neurons (Turmian
et al, 1995; Zhang et al., 2001a). In humans, a study using transcra-
nial magnetic stimulation (Raij et al.. 2008) also suggested top-
down modulation from SII to SI. The reciprocal SI-SII interaction
in early-stage somatosensory processing is achieved by the direct
thalamocortical pathway to SII, which has been suggested by
numerous studies (Karhu and Tesche, 1999; Lin and Forss, 2002;
Raijet al, 2008; Zhang et al, 1996, 20014, 2001h). Thus, the higher
PLF as well as wPLI in the old might reflect age-related changes in
top-down gain-control function. However, we must admit that this
possibility remains speculative in the current study.

4.3. Limitations of this study

Although orientation of the cortical activation is an important
factor in MEG, the cortical current of SII shows tangential orienta-
tion similar to SI. Thus, orientation related issue does not make a
significant difference between Sl and SII. However, amplitude mea-
surements in MEG can vary, depending on the distance between
the source of activity and sensors. Specifically, here, distance
encompasses two factors: anatomical distance means the depth
within the brain, and spatial distance that represents the physical
distance between the scalp and sensor array. The anatomical dis-
tance significantly affects the MEG sensor sensitivity. In contrast
to SI, SIl is located deep in the parietal operculum in the Sylvian fis-
sure. This is the reason why direct recording of SII activity can only
be achieved using stereotactic placement of depth electrodes
(Barba et al,, 2002; Mazzola et al,, 2006). Another important issue
in MEG studies is that current MEG systems mainly consist of gra-
diometers that are designed to focus on near-field activity (ie.,
convexity of the cerebral cortex). Thus, attenuation of amplitude
when measuring activity from deep sources is a major concern.
In fact, a previous MEG study has shown that the sensitivity of
MEG to amplitude decreased in deeper areas such as the Sylvian
fissure, interhemispheric areas, and ventral parts of the brain
(Goldenholz et al., 2009). Overall, the anatomical distance affects
the amplitudes of SI and SII differently. The spatial distance also
complicates the sensitivity problem, especially in the temporal re-
gions, because head size varies from subject to subject while the
sensor helmet is a fixed-size. Therefore, the distance between scalp
and sensors in the temporal regions is sometimes not negligible.
Thus, in light of the above, we admit that the SEF results should
be interpreted carefully. Computation of dipole moment, which
were unobtainable due to the lack of MRI in our subjects, would
theoretically provide a more desirable amplitude measure, but in
turn, its accuracy largely depends on how precise the MEG-MRI
co-registration is as well as how precise the inverse solution can
be performed. As mentioned above, we also used the amplitude-
free measures to overcome the issue of amplitude measurement.
Consequently, the significantly enhanced oscillatory activities,
both in local and in network, validated the aging effects on SEFs.

In conclusion, our results support the presence of wide-spread
cortical disinhibition across SI and SIL The oscillatory activity indi-
ces were particularly useful for weighing the effects of aging on the

somatosensory system. Further studies are required to elucidate
the functional impact of the age-related hypersynchrony in SII.
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Symposium: Definition and Differentials — How to
Distinguish Disease-Specific Changes on Microscopy

Astrocytic inclusions in progressive supranuclear
palsy and corticobasal degeneration

Mari Yoshida

Institute for Medical Science of Aging, Aichi Medical University, Aichi, Japan

Tufted astrocytes (TAs) in progressive supranuclear palsy
(PSP) and astrocytic plaques (APs) in corticobasal degen-
eration (CBD) have been regarded as the pathological
hallmarks of major sporadic 4-repeat tauopathies. To
better define the astrocytic inclusions in PSP and CBD and
to outline the pathological features of each disease, we
reviewed 95 PSP cases and 30 CBD cases that were con-
firmed at autopsy. TAs exhibit a radial arrangement of thin,
long, branching accumulated tau protein from the cyto-
plasm to the proximal processes of astrocytes. APs show a
corona-like arrangement of tau aggregates in the distal
portions of astrocytic processes and are composed of fuzzy,
short processes. Immunoelectron microscopic examination
using quantum dot nanocrystals revealed filamentous tau
accumulation of APs located in the immediate vicinity of
the synaptic structures, which suggested synaptic dysfune-
tion by APs. The pathological subtypes of PSP and CBD
have been proposed to ensure that the clinical phenotypes
are in accordance with the pathological distribution and
degenerative changes. The pathological features of PSP
are divided into 3 representative subtypes: typical PSP
type, pallido-nigro-luysian type (PNL type), and CBD-like
type. CBD is divided into three pathological subtypes:
typical CBD type, basal ganglia- predominant type, and
PSP-like type. TAs are found exclusively in PSP, while
APs are exclusive to CBD, regardless of the pathological
subtypes, although some morphological variations exist,
especially with regard to TAs. The overlap of the patho-
logical distribution of PSP and CBD makes their clinical
diagnosis complicated, although the presence of TAs and
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APs differentiate these two diseases. The characteristics of
tau accumulation in both neurons and glia suggest a differ-
ent underlying mechanism with regard to the sites of tau
aggregation and fibril formation between PSP and CBD:
proximal-dominant aggregation of TAs and formation of
filamentous NFTs in PSP in contrast to the distal-
dominant aggregation of APs and formation of less fila-
mentous pretangles in CBD.

Key words: astrocytic plaque, corticobasal degeneration,
fibril formation, progressive supranuclear palsy, tufted
astrocyte.

INTRODUCTION

Progressive supranuclear palsy (PSP)' and corticobasal
degeneration (CBD)? have been regarded as distinct
clinicopathological entities with hyperphosphorylated four
repeat (4R) tau aggregation in neurons and glia, although
the recent recognitions of many clinical similarities have
increasingly raised more difficulties in the clinical diagnosis
of these two disorders. However, microscopic cellular tau
pathology has been used to distinguish PSP from CBD.**
PSP is defined primarily by tau-positive neurofibrillary
tangles (NFTs), coiled bodies, threads, and tufted
astrocytes, in contrast to the ballooned neurons, pretangles,
threads, and astrocytic plaques that are characteristic of
CBD (Table 1). Because PSP and CBD frequently present
similar pathological distributions (Table 1, Fig. 1), a patho-
logical diagnosis may be difficult without the discrimina-
tion of abnormal tau inclusions and particularly of the most
characteristic and obvious tau morphology, that of
astrocytic inclusions.® Therefore, it is important to reevalu-
ate and differentiate between tufted astrocytes (TAs) and
astrocytic plaques (APs) and to discuss the pathogenesis of
these types of inclusions. To address these issues, we
reviewed the morphology and differential distribution of
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Table 1 Diagnostic pathological findings in progressive supranuclear palsy (PSP) and corticobasal degeneration (CBD)

PSP

CBD

Lesion
Neuronal loss & gliosis

Ballooned or achromatic neurons
Gallyas/4R-tau positive lesions
Neuronal inclusions

Threads and coiled bodies

Distribution

Affected cortices (variable)

Globus pallidus
Subthalamic nucleus
Substantia nigra

Brainstem tegmentum
Dentate nucleus
Pons and medulla (variable)

NFTs > Pretangles

Substantia nigra, oculomotor complex, locus
ceruleus, pons, brainstem nuclei, dentate
nucleus, globus pallidus, subthalamic
nucleus

Striatum, thalamus, basal nucleus of Meynert

Affected Cortices (variable)

Spinal cord

Threads and coiled bodies

Brainstem, cerebellar white matter, globus
pallidus, subthalamic nucleus, striatum,
thalamus, gray matter and white matter,

Affected cortices/subcortical white matter
(gliosis)

Globus pallidus (variable)

Subthalamic nucleus (variable)

Substantia nigra

Striatum (caudate and putamen) (gliosis)

Brainstem tegmentum (variable)

Dentate nucleus (variable)

Pons and medulla (variable)

Affected cortices

Pretangles >> NFTs
Affected cortices, substantia nigra, globus
pallidus, subthalamic nucleus

Striatum, thalamus, basal nucleus of Meynert

Brainstem nuclei and dentate nucleus

Spinal cord

Threads >> coiled bodies

Subcortical white matter and gray matter,
globus pallidus, subthalamic nucleus,
striatum, thalamus, brainstem, spinal cord

spinal cord

Astrocytic inclusions Tufted astrocytes

Affected cortices, striatum, brainstem

Astrocytic plaques
Affected cortices, striatum

4R-tau, 4 repeat tau; NFTs, neurofibrillary tangles.

pathologic lesions of 95 neuropathologically confirmed
PSP cases and 30 CBD cases that were registered at the
Institute for Medical Science of Aging, Aichi Medical Uni-
versity. Our focus was on the pathogenesis of astrocytic
inclusions, their disease specificity, and their morphological
variations.

PROGRESSIVE SUPRANUCLEAR
PALSY (PSP)

PSP is a progressive neurodegenerative disorders, described
by Steele, Richardson and Olszewski in 1964.! It is the
second most common form of parkinsonism after Parkin-
son’s disease. Clinical features include abnormal gait, and
postural instability, and recurrent falls, supranuclear
ophthalmoparesis, cognitive and behavioral changes,
pseudobulbar features and dystonia.

Clinical aspects

As noted previously, pathologically confirmed cases of PSP
have exhibited some variation of the clinical and pathologi-
cal features. Therefore, clinical subtypes were proposed to
classify PSP: PSP-Richardson, PSP-parkinsonism (PSP-
P),”® PSP-pure akinesia with gait freezing (PSP-PAGF),’
PSP-primary progressive aphasia,'®!! and PSP-predominant

cerebellar involvement (PSP-C).**** The PSP-Richardson
type is the prototypical form of PSP that is defined by early
falls, early cognitive dysfunction, abnormalities of gaze and
postural instabilities. PSP-P represents asymmetric onset,
tremor, early bradykinesia, non-axial dystonia and a
response to levodopa. Individuals with PSP-PAGF present
with the gradual onset of freezing of gait or speech, absent
limb rigidity and tremor, a lack of sustained response to
levodopa, and no dementia or ophthalmoplegia in the first 5
years of disease. PSP-primary progressive aphasia is defined
by the presence of primary progressive aphasia, or progres-
sive nonfluent aphasia. Individuals with PSP-C develop
cerebellar-predominant ataxia as the initial and principal

symptom.
Neuropathology

Neuropathological diagnostic criteria

The pathological criteria for the diagnosis of PSP are well
established and include specific neuronal loss with gliosis
and neurofibrillary tangles (NFTs) in the subcortical
and brainstem nuclei and in the cerebellar dentate nucleus
with the pathological accumulation of abnormally
phosphorylated microtubule-associated protein tau into
filamentous deposits.'* The NINDS diagnostic criteria for
PSP and related disorders are pertinent for typical PSP,

© 2014 Japanese Society of Neuropathology



Astrocytic inclusions in PSP and CBD 557

A

Typical PSP type Pallido-nigro-
Pathological subtypes of PSP SCD-like Iuysian CBD-like type
type
Cerebral cortices (frontal lobe ~
precentral gyrus/superior
temporal gyrus) .
Laterality — —_

Pallidum & subthalamic nucleus
Substantia nigra - lsevere
Brainstem tegmentum l

Dentate nucleus

Pontine nucleus .
mild

B

Pathological subtypes of CBD

Basal ganglia
predominant
type

Typical CBD type PSP-like type

Posterior
frontoparietal,
perisylvian areas
dominant

Cerebral cortices

Laterality

Pallidum & subthalamic nucleus
Substanita nigra

Brainstem tegmentum

Dentate nucleus

Pontine nucleus

Fig.1 The group of pathological subtypes in PSP (A) and CBD (B). (A) The pathological subtypes in PSP is generally divided into three
representative types: typical PSP type, pallido-nigro-luysian type (PNL type), and CBD-like type, according to the distribution of the
lesions and the severity. The spinocerebellar degeneration (SCD)-like type is associated with severe degeneration of the dentate nucleus,
superior cerebellar peduncles, cerebellar cortex, white matter and pontine tegmentum and base, which are frequently associated with
frontal involvement. The PNL type shows relatively restricted changes in pallido-nigro-luysian lesions. The CBD-like type is accompanied
by more severe, asymmetrical cortical changes and a variable degeneration of the basal ganglia, brainstem and cerebellar dentate nucleus.
(B) The pathological subtypes of CBD is generally divided into three representative types: typical CBD type, basal ganglia-predominant
type, and PSP-like type, according to the distribution of the lesions and the severity. The typical CBD type shows dominant cortical
involvement with laterality in the posterior frontoparietal or perisylvian areas. Some cases exhibit anterior frontal-dominant cortical
degeneration, such as frontotemporal lobar degeneration. The basal ganglia-predominant type reveals severe involvement of the pallidum
and subthalamic nucleus, with relatively mild cortical degeneration without distinct laterality. The PSP-like type shows severe degeneration
of the brainstem and dentate nucleus similar to that seen in PSP, in addition to the variable cortical involvement.

which conforms to the original description, and atypical
PSP, which consists of histologic variants where the severity
or distribution of abnormalities, or both, deviate from the
typical pattern; these criteria are also relevant for combined
PSP, in which typical PSP is accompanied by concomitant
infarcts in the brainstem, basal ganglia, or both.*"* Micro-
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scopic findings include a high density of NFTs and neuropil
threads in at least three of the following areas: the pallidum,
subthalamic nucleus,substantia nigra, or pons. In addition,a
low to high density of NFTs or neuropil threads is found in
at least three of the following areas: the striatum, oculomo-
tor complex, medulla, or dentate nucleus. A clinical history
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that is compatible with PSP is also required for diagnosis
according to this set of criteria. These criteria have come to
define the typical clinicopathological PSP cases. However,
based on these criteria, it was recommended that atypical
PSP should be excluded as a PSP subtype because further
neuropathological studies of this entity were needed.

Neuropathological reevaluation of PSP cases

Among 95 pathologically confirmed PSP cases, 25 cases
were associated with other significant diseases. Two of
these cases were associated with Alzheimer’s disease, 12
with Parkinson’s disease or dementia with Lewy bodies
(DLB), 1 with multiple system atrophy, 1 with SCA6 and
DLB, 1 with amyotrophic lateral sclerosis, 1 with traumatic
brain injury, 4 with cerebrovascular disease, 1 with gliob-
lastoma, and 2 cases were without detailed information.
With the exception of these 25 cases, 70 cases were
analyzed and had the following characteristics: a mean age
at onset of 67 years (range 39-92 years), a mean disease
duration of 8 years (range 1-28 years), and a mean age at
death of 75 years (range 49-106 years). PSP is a sporadic
disease, although approximately 7% of affected individuals
have a family history of neurological disorders, including
parkinsonism or dementia.

Macroscopic and microscopic findings

The macroscopic examination of the brain in typical PSP
reveals mild frontal atrophy including precentral gyrus,
particularly in the convexity (Fig. 2A). The brainstem and
cerebellum are mildly atrophic. The globus pallidus and
subthalamic nucleus usually show a brownish atrophy. The
third ventricle may be enlarged. The tegmentum of the
midbrain and pons also shows atrophy. The substantia
nigra shows discolored, while the locus ceruleus is often
relatively preserved. The cerebellar dentate nucleus, and
the superior cerebellar peduncle are atrophic.

The microscopic findings indicate neuronal loss and
gliosis with NFTs, which appear globose in appearance, in
the basal ganglia, thalamus, brainstem, and cerebellum
(Table 1, Fig.3). The thalamus has mild to moderate
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neuronal loss and gliosis, while the putamen and the
caudate show mild gliosis. The most affected nuclei are the
globus pallidus, subthalamic nucleus and substantia nigra.
The affected regions of the brainstem are as follows: mid-
brain tegmentum including the superior -colliculus,
periaqueductal gray matter, oculomotor nuclei, locus
ceruleus, pontine tegmentum, pontine nuclei, medullary
tegmentum and the inferior olivary nucleus. The dentate
nucleus usually exhibits grumose degeneration. The
superior cerebellar peduncles are atrophic, and the cer-
ebellar cortex may show mild loss of Purkinje cells with
mild atrophy of the white matter. The medullary tegmen-
tum may be atrophic with myelin pallor. The cerebral cor-
tices show mild gliosis especially in the premotor and
precentral gyrus in the convexity. The spinal cord, espe-
cially the cervical segment, is usually involved, particularly
in the medial division of the anterior horn and intermedi-
ate gray matter.”'” Transverse sections of the spinal cord
often show myelin pallor in the anterolateral funiculus in
the cervical and thoracic segments. Immunohistochemistry
for phosphorylated tau or modified Gallyas silver staining
reveals NFTs, pretangles in neurons, tufted astrocytes,
coiled bodies in oligodendrocytes, and threads (Table 1,
Fig. 3).

Tufted astrocytes

TAs are defined as radial arrangements of thin and long
branching fibers without collaterals that course continu-
ously through the cytoplasm to the distal processes of
astrocytes (Fig. 3d-j,m,n).%*® “Tufts of abnormal fiber,” as
described in PSP by Hauw et al.,”® is the root of the nomen-
clature for “tufted astrocytes,” although their cellular char-
acterization was not mentioned in their study. Tufted
astrocytes were described by Hauw et al."? as star-like tufts
of fibers devoid of degenerative features and without
amyloid cores that are clearly distinguishable with Bodian
stain as well as with tau immunocytochemistry. The
astrocytic nature of the cells that contain the tufted-type
inclusions was confirmed by the double-labeling of sections
with antibodies to GFAP, CD44 and abnormal tau.?>?
Cytoplasmic staining is usually not conspicuous within TAs

‘>

Fig.2 Macroscopic findings of typical PSP type (A), pallido-nigro-luysian (PNL)- type (B) and CBD-like type (C).

(A) Macroscopic findings in coronal sections of typical PSP show mild frontal atrophy in the convexity (a), atrophy of the pallidum and
subthalamic nucleus (a, arrow), atrophy of the brainstem tegmentum (b), loss of pigment in the substantia nigra (b, arrow) with
preservation of pigment in the locus ceruleus, and atrophy of the cerebellar dentate nucleus (c). Bar =2 cm.

(B) Macroscopic findings in PNL-type PSP reveal severe atrophy of the pallidum and the subthalamic nucleus (a) and depigmentation of
the substantia nigra (b), with relative preservation of the brainstem tegmentum (b) and cerebellar dentate nucleus (c). The PNL-type
sometimes shows atypical TAs, which demonstrates proximal dominant tau accumulations (d, e). d, Gallyas silver stain; e, AT8
immunohistochemistry; a, b, ¢, bar = 2 cm; e, bar = 10 um.

(C) Macroscopic findings in CBD-like type PSP indicate left side-predominant degeneration of the cerebral cortices and the basal ganglia
(a~d) with relatively mild atrophy of the brainstem (e). Microscopically typical TAs are observed in the basal ganglia and cerebral cortices
(f, g). a, ¢, Kliiver-Barrera stain; b, d, Holzer stain; f, Gallyas silver stain; g, AT8 immunohistochemistry; bar = 10 um.
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