
Abstract We report four patients with a new type of fa-
milial parkinsonism and dementia consisting of an autoso-
mal dominant inheritance, dopa-responsive parkinsonism,
severe dementia, variable myoclonus and autonomic dis-
turbances. Autopsy of two patients revealed symmetrical
cerebral atrophy with fronto-temporal dominant distribu-
tion, and marked depigmentation in the substantia nigra
and locus ceruleus. Neuronal loss and gliosis were ob-
served in the deep cerebral cortex and amygdala as well as
in the areas vulnerable to Parkinson’s disease. In the cere-
bral cortex, swollen neurons with frequent granulovacuo-
lar changes were observed, consisting of ballooned neu-
rons and those with argyrophilic intracytoplasmic inclu-
sions, in addition to neuropil threads. Atypical neurofib-

rillary tangles, which barely stained with tau antibodies,
were numerous in the upper cortical layers, consisting of
15-nm straight tubules. In addition, tau-negative astro-
cytic fibrillary tangles were also frequent. Electron micro-
scopically, the ballooned neurons and argyrophilic neu-
ronal inclusions contained filamentous structures coated
with fuzzy electron-dense deposits. The inclusions
showed immunohistochemical features different from
those of cortical Lewy bodies and Pick bodies. Occasional
Lewy bodies were present in the brain stem lesions of
both patients. In two of our patients, the pathology in the
brain stem was similar to that of Parkinson’s disease,
whereas their cerebral pathology was unusual and has not
been reported previously.

Key words Familial Parkinson’s disease · Dementia ·
Ballooned neurons · Neurofibrillary tangles · Astrocytic
fibrillary tangles

Introduction

Familial Parkinson’s disease (PD) is an uncommon disor-
der, and only a few cases with histologically verified fa-
milial parkinsonism with Lewy body formation have been
reported [11]. Such conditions include a familial ex-
trapyramidal disorder involving corticostriatopallido-
nigral degeneration [34], familial fatal parkinsonism with
alveolar hypoventilation and mental depression [45–47,
49], familial parkinsonism and depression [4], juvenile
parkinsonism [58], familial parkinsonism-dementia syn-
drome [40], familial Alzheimer’s disease presenting as
levodopa-responsive parkinsonism [17], autosomal domi-
nant PD [18, 19, 54], and familial diffuse Lewy body dis-
ease (DLBD) [36].

Neurological diseases with ballooned neurons (BNs) in
the central nervous system are also uncommon disorders
which can lead to parkinsonism, dementia or both [9].
They include corticodentatonigral degeneration with neu-
ronal achromasia [48], which is also termed corticobasal
degeneration (CBD) [16], Pick’s disease [8], some cases
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of Alzheimer’s disease [9] and Creutzfeldt-Jakob disease
[42], and pigment-spheroid degeneration [9].

Astrocytic fibrillary tangles are the abnormalities orig-
inally described in progressive supranuclear palsy (PSP)
by Yamada et al. in 1992 [56]. The tangles are best visu-
alized by the Gallyas silver impregnation staining method
[7], and consist of tufted and thorn-shaped tangles [7], and
astrocytic plaques [7, 13]. The tufted tangles are relatively
specific for PSP, whereas the thorn-shaped ones are non-
specific and are found in various neurological diseases
and aged controls [23]. Astrocytic plaques are observed in
CBD [13] and some cases of PSP [7]. All of the astrocytic
fibrillary tangles reported to date have shown tau im-
munoreactivity [7]; no tau-negative astrocytic fibrillary
tangles have been reported. We encountered a familial
disorder characterized by parkinsonism and dementia with
BNs and Lewy bodies in two patients at autopsy [24, 38].
We studied the brains of these cases, and another clinical
case, employing silver impregnation staining methods,
immunohistochemical staining using various antibodies,
and electron microscopy. We found an as yet unreported
combination of histopathological abnormalities, which we
had not detected in our previous studies [24, 38], such as
argyrophilic neuronal inclusions, atypical neurofibrillary
tangles, tau-negative astrocytic fibrillary tangles, and neu-
ropil threads. We present the details of this unique famil-
ial parkinsonism.

Case report

Description of the family (Fig.1)

The family originated from the suburbs of Tokyo, Japan. There
were six affected individuals, two men and four women, embrac-
ing three generations. Symptoms first appeared at ages ranging
from 24 to 59 years with the average of 39.4 ± 13.6 years, based on
data from patients III-2, 4 and 5, IV-3, and IV-16. The duration of
the disease was apparently 7 or more years, and the average dura-
tion was 8.8 ± 1.3 years, based on data obtained from patients III-

2, 4 and 5, and IV-3. Two non-affected members of generation III
reported that one of their sisters, patient III-2, and her mother, pa-
tient II-1, displayed neurological symptoms similar to those of pa-
tients III-4 and 5, and IV-3 and 16, and patient III-2 developed
rapid neurological deterioration for her terminal 2 years. The non-
affected members were also told by physicians that patient III-2
suffered from Creutzfeldt-Jakob disease. III-7 represents an in-
stance of non-penetrance, as she is neurologically normal at the
time of this study.

Patient III-5 (Table 1)

This 67-year-old proband has been briefly described previously
[38]. At the age of 59 years, he developed tremor in his hands on
the left side more than on the right while holding objects, followed
by occasional episodes of delusions at the age of 60 years. The per-
tinent neurological findings on admission at the age of 62 were as
follows: marked orthostatic hypotension of 160/90 mmHg with a
pulse rate of 72 beats/min in a supine position and of 70/0 mmHg
with 104 beats/min in a standing position, mild dementia with a
Hasegawa’s Japanese mini-mental state examination score of 13.5
points out of 32.5, a masked and oily face, a soft monotonous
voice, marked bradykinesia, marked rigidity in the neck and four
extremities, a small steppage gait with lack of postural reflexes as
well as kinésie paradoxale, and mild postural tremor in the hands
without resting tremors. The patient’s parkinsonism showed
marked improvement with anti-parkinsonian drugs. However, his
orthostatic hypotension progressed, causing syncopes even in sit-
ting positions, followed by progressive parkinsonism and demen-
tia. The reactive tachycardia observed in the standing position re-
mained throughout the patient’s clinical course. Serial cranial com-
puted tomographic (CT) scans demonstrated progressive, fairly
symmetrical fronto-temporal cortical atrophy, most prominent
around the Sylvian fissures, and dilatation of the lateral ventricles.
An electroencephalogram (EEG) taken in the late stage of this ill-
ness revealed a basic activity consisting of 5–6 Hz activity mixed
with frequent theta and occasional delta waves without asymme-
try. The patient suffered and died of recurrent aspiration pneumo-
nia at the age of 67. The clinical diagnosis was PD with dementia.

Patient III-4 (Table 1)

This 60-year-old woman entered a depressive state with emotional
lability and change of character, and also began to make mistakes
in the calculation of her money at the age of 52 years. Subse-
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Fig.1 Pedigree of our patients (see text)

Table 1 Clinical characteristics of our patients. The degree of
neurological signs and symptoms, and effects of anti-parkinsonian
drugs are given as: – absent, ± minimal, + mild, ++ moderate, 
+++ marked. The degree of constipation was difficult to evaluate
because of insufficient data (see also Fig:1) (NA not available)

Clinical features Patients

III-5 III-4 IV-3 IV-16

Dementia +++ +++ +++ +++
Parkinsonism +++ +++ +++ +++
Effects of drugs ++ + +++ +
Myoclonus ± +++ +++ +
Convulsion – – ++ +
Gaze paralysis – – + –
Babinski’s sign – to + + + +
Spasticity – – ++ +
Constipation + + + +
Urinary incontinence ++ ++ ++ +++
Orthostatic hypotension +++ NA – –



quently, she exhibited parkinsonian features, delusions and visual
hallucinations. The pertinent neurological findings at the age of 53
included the following abnormalities: moderate dementia with in-
coherent speech, marked dyscalculia and loss of recent memory,
dressing and construction apraxias but without aphasia and ag-
nosia, a masked face, rigidity in the neck and four extremities, a
mildly stooped posture with slight flexion posture of the four ex-
tremities, a small steppage gait, fine and irregular tremor at rest
and on posture in the left arm more than in the right arm, occa-
sional jerky involuntary movements in both arms, and mild
dysarthria with a soft voice. Pneumoencephalography demon-
strated marked cortical atrophy which was most prominent in the
fronto-temporal cortex. The patient’s gait and bradykinesia im-
proved mildly with levodopa.

The parkinsonism and dementia in this patient progressed.
Neurological examinations at the age of 56 revealed that she was
mute and exhibited generalized myoclonus which worsened when
her extremities were touched. EEG revealed a basic activity con-
sisting of 5–7 Hz activity, mixed with a small amount of 3–4 Hz
activity, and without asymmetrical and paroxysmal abnormalities.
She developed progressive dysphagia and anasarca, and died at the
age of 60. Her myoclonus diminished markedly as her death ap-
proached. The clinical diagnosis was Creutzfeldt-Jakob disease.

Patient IV-3 (Table 1)

This 35-year-old woman has been described previously [24].
Briefly, she developed tremor in her left leg at the age of 24 years.
Neurological examinations at the age of 26 revealed a masked and
oily face with prominent hypersalivation, resting tremor and rigid-
ity in the four extremities, and a parkinsonian posture and gait with
lack of postural reflexes. The patient’s parkinsonism improved
mildly to moderately with anti-parkinsonian drugs. Although the
patient’s parkinsonism improved on increasing the levodopa dose
and a left subthalamotomy, her parkinsonism and dementia gradu-
ally progressed, followed by the development of myoclonus and
the impairment of vertical gaze at the of 27. At the age of 29, she
was in a state of quadriplegia-in-flexion with frequent myoclonic
jerks, and occasional generalized convulsions. The patient died of
uremia when aged 35. The clinical diagnosis was juvenile parkin-
sonism.

Patient IV-16 (Table 1)

This 38-year-old, currently alive man has been described previ-
ously [38]. Briefly, he developed tremor in his right hand and a
tendency to write smaller letters at the age of 29 years, followed by
gait disturbance with frozen phenomenon, urinary incontinence,
and then intellectual dysfunction. Neurological examinations at the
age of 31 revealed marked dementia and parkinsonism, and asym-
metrical deep tendon reflexes with Babinski sign and spasticity on
the right side. Serial cranial CT scans and magnetic resonance
imaging showed progressive generalized symmetrical cortical at-
rophy, which was most prominent in the frontal lobe, and moder-
ate ventricular dilatation. The patient’s parkinsonism improved
minimally to mildly with anti-parkinsonian drugs. At the age of
33, he suffered two episodes of generalized convulsions. His
parkinsonism and dementia has been progressive, and he became
mute and has received custodial care for the previous several
years.

Materials and methods

The brain and spinal cord of patient III-5 were fixed in 10% phos-
phate-buffered formalin and those of patient IV-3 in 10% formalin.
The materials were then embedded in paraffin. Multiple sections
were taken from the brains and spinal cords, and stained by hema-
toxylin and eosin (H &E), Klüver-Barrera, Holzer, and silver im-
pregnation methods. The silver staining included the Bodian,

Bielschowsky-Hirano [21], and modified Gallyas-Braak [23]
methods, in addition to methenamine Bodian and methenamine sil-
ver methods for representative sections. The sections were also
stained by avidin-biotin complex (ABC) method (Vectastain, Vec-
tor, USA) using antibody to glial fibrillary acidic protein (GFAP)
(Dako, USA). Gliosis was assessed by the H&E, Holzer and ABC
methods. For electron microscopic examination, portions of the
right anterior temporal cortex, locus ceruleus and dorsal vagal nu-
cleus were taken from the formalin-fixed brain of patient III-5, and
portions of the amygdala, hippocampus, oculomotor nucleus and
locus ceruleus from the formalin-fixed brain of patient IV-3. The
materials were fixed in 2.5% glutaraldehyde, post-fixed in 2% os-
mium tetroxide, dehydrated and then embedded in Epon. Ultrathin
sections were stained with uranyl acetate and lead citrate, and ex-
amined with a JEM 100CX.

We performed immunohistochemical staining on 4-µm sec-
tions of the anterior temporal cortex, cingulate gyrus, amygdala,
hippocampus and parahippocampal gyrus of patients III-5 and IV-3,
employing the ABC method, the peroxidase-antiperoxidase method,
or both. We used the following antibodies (see also Table 3):
those to ubiquitin, tau, phosphorylated and non-phosphorylated
neurofilaments, paired helical filaments (PHF), neurofilaments of
200 kDa, 160 kDa and 68 kDa, β-protein, Alz-50, microtubule-as-
sociated proteins (MAPs), MAP-2, α-tubulin, b-tubulin, tubulin,
actin, vimentin and myosin, as well as antibody to prion protein
residues 220–231 [6] which was applied to the sections of patient
III-5. Anti-β-protein antibodies were used after sections were pre-
treated with formic acid [28]. To make precise comparisons of the
staining characteristics between BNs and neurons with argy-
rophilic neuronal inclusions, we obtained, using a mirror section
technique, 4-µm mirror sections from the insula, cingulate gyrus,
and amygdala of patient III-5, and stained one of paired mirror sec-
tions by the Bielschowsky-Hirano silver staining method and the
other section by ABC method using antibodies to ubiquitin
(Sigma), phosphorylated and non-phosphorylated neurofilaments
(SMI-31, -33 and -34) or neurofilaments of 200-kDa (see Table 3).
After that, we photographed stained sections and had the pho-
tographs printed in color. Then we correlated, both on the photo-
graphs and under a light microscope, Bielschowsky-Hirano stained
sections with those stained with the antibodies. Further, we made
immunohistochemical comparisons among BNs and argyrophilic
neuronal inclusions observed in patients III-5 and IV-3, cortical
Lewy bodies, and Pick bodies and BNs in Pick’s disease. Sections
(4 µm) of the cingulate gyrus and insula which contained cortical
Lewy bodies were obtained from an 80-year-old patient with
DLBD, and 64- and 76-year-old patients with PD, who have been
reported previously as patients 3, 10 and 12, respectively [37].
Sections for Pick bodies and BNs were taken from the hippocam-
pus and adjacent temporal lobe of three women with Pick’s dis-
ease, who were 56, 64 and 67 years old, respectively. We also per-
formed a double staining of astrocytic fibrillary tangles in the an-
terior temporal lobe section of patient III-5 by both the methen-
amine Bodian method and the ABC method using anti-GFAP anti-
body.

Results

Autopsy findings in patients III-5 and IV-3

Histopathological findings of both patients have been de-
scribed previously [24, 38], including the preliminary re-
port of patient III-5 [38]. General autopsy of patient III-5
revealed bilateral moderate to marked bronchopneumonia
with hemorrhagic pleurisy on both sides.

The brain of patient III-5 weighed 1210 g and the one
of patient IV-3 990 g. Gross and light microscopic exam-
inations revealed similar findings in the brains of both pa-
tients. The brains displayed symmetrical cortical atrophy
in the frontotemporal lobes, particularly in the cortex
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along the Sylvian fissures, as well as symmetrical dilata-
tion of the lateral and third ventricles. The degree of both
cortical atrophy and ventricular dilatation was mild to
moderate in patient III-5 and marked in patient IV-3. The
substantia nigra and locus ceruleus were markedly depig-

mented. The cerebellum and spinal cord did not exhibit
any significant abnormalities.

The distribution, nature and degree of histopathologi-
cal abnormalities in the two patients are summarized in
Table 2. Microscopically, neuronal loss and gliosis were
observed to various degrees in the cerebral cortex, being
most prominent in its deep layers, as well as in the amyg-
dala and areas vulnerable to PD. In the cerebral cortex and
amygdala, swollen neurons (Fig.2A) were frequently seen,
consisting of BNs and neurons with argyrophilic neuronal
inclusions (inset of Fig.2A, and Fig.2B, C), in addition
to neuropil threads (Fig.2C). The argyrophilic inclusions
were barely stained by the Bodian method, but stained
markedly argyrophilic by the Gallyas-Braak (Fig.2C) and
Bielschowsky-Hirano (Fig.2D) methods, although a few
were not stained or were partially argyrophilic (Fig. 2C).
There appeared a transition between the BNs and the neu-
rons with the argyrophilic inclusions in terms of argy-
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Fig.3A–D The second layer of the anterior temporal cortex of 
patient III-5. A–C Numerous neurofibrillary tangles (arrows)
demonstrated by the Bielschowsky-Hirano method (A) showed
immunoreactivity to ubiquitin by the ABC method (B) and by im-
munoelectron microscopy (C). Electron microscopically, the tan-
gles consisted of crisscrossing straight tubules of approximately 15
mm in diameter (arrows) in the sections without ubiquitin im-
munostaining (D). Bars in C = 5 µm, D = 0.5 µm. A × 360, B × 394,
C × 5600, D × 134000

Fig.2 The anterior temporal cortex (A–C, F, G) and amygdala
(D, E) of patient III-5. A–C Hematoxylin and eosin (H&E) stain-
ing (A) showed that swollen neurons with frequent granulovacuo-
lar changes were seen in small to large neurons, variably
eosinophilic without a halo, and consisted of neurons with intracy-
toplasmic inclusion bodies (inset in A) and achromatic ballooned
neurons (BNs; double arrows in B). The inclusion bodies showed
distinct margins and staining characteristics almost identical to that
of the surrounding cytoplasm (inset in A), being minimally ba-
sophilic by Klüver-Barrera staining (single arrow in B), and
markedly argyrophilic by Gallyas-Braak method (single arrows in
C), although a few were partially argyrophilic (large single arrow-
head in C). The BNs were not stained or were minimally argy-
rophilic (double arrows in C). Small single arrowheads in C indi-
cate neuropil threads, double arrows indicate astrocytic fibrillary
tangle (see also text). D, E Minor sections showed that a BN in the
Bielschowsky-Hirano-stained section (a in D) was not stained with
ubiquitin (a in E), whereas argyrophilic neuronal inclusions
(ANIs; b and c in D) were markedly stained (b and c in E). The
neurons designated as a, b, and c in D and E correspond to one an-
other. F, G The section showing astrocytic fibrillary tangles (ar-
rows in F and G) by the methenamine Bodian method (F) was
doubly stained by the avidin-biotin-peroxidase complex (ABC)
method using anti-glial fibrillary acidic protein antibody (G) (see
also text). A, B × 315; C × 260; D, E × 210; F × 576; G × 342
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rophilia (Fig. 2C). In addition, diffuse comma-shaped
neurofibrillary tangles (Fig. 3, Table 2), detected by the
Bielschowsky-Hirano and Gallyas-Braak methods, not by
the Bodian method, were observed, most prominent in the
second layer of the cerebral cortex of the patient III-5 and
in the second to third layers of patient IV-3 (Table 2). The
tangles were stained with anti-ubiquitin antibodies (Fig. 3
B, C), but seldom stained with antibodies to tau and PHF,
thereby indicating that they were atypical tangles, al-
though rare flame-shaped neurofibrillary tangles observed
in the subiculum, parahippocampal gyrus and amygdala
on the same examined sections were stained with the two
kinds of antibodies. Further, astrocytes with argyrophilic
slender radiating fibers (Fig.2C, F, G), consistent with
tufted astrocytic fibrillary tangles [7], were frequently
present, mostly in the middle and deep layers of the cere-
bral cortex. The astrocytic tangles were difficult to detect
by the Bodian and Bielschowsky-Hirano methods, but
were readily stained with the methenamine Bodian,
methenamine silver and Gallyas-Braak methods. The as-
trocytic tangles were not stained with any of the antibod-
ies used which included anti-tau antibodies listed in Table
3. Occasional oligodendroglial inclusion bodies consistent
with coiled bodies [7] were scattered in the cerebral white
matter of patient IV-3, but not found in the patient III-5.
Astrocytic plaques [13] were not found. The degree and
distribution of the astrocytic fibrillary tangles roughly
correlated with those of the atypical neurofibrillary tan-
gles (Table 2), although the preferential layers of the cor-
tex were different between the two types of tangles. Senile
plaques were not present in the cerebrum when sections
were stained with various silver staining methods as men-
tioned above and ABC method using anti-β-protein anti-
body. In patient III-5, the hypothalamus showed marked
degeneration of the posterior region, whereas other re-
gions were minimally affected. Rare to occasional Lewy
bodies (Fig. 4) were found in some of the areas vulnerable
to PD (Table 2), although they were not found in the sub-
stantia nigra and nucleus basalis of Meynert.

Electron microscopic study of BNs, 
argyrophilic neuronal inclusions, 
atypical neurofibrillary tangles and Lewy bodies

Electron microscopically, the BNs in patient III-5 (Fig.5
A, B) showed abundant cytoplasm with a relative paucity
of organelles and the displacement of lipofuscin granules
toward the periphery, and contained sparse filamentous
structures which were interspersed among vesicular struc-
tures, granular materials, and mitochondria. The granulo-
vacuolar changes in the BNs consisted of vacuoles and
electron-dense granules inside (not illustrated here), simi-
lar to that reported in the hippocampus [43]. The argy-
rophilic neuronal inclusions (Fig.5C, D) consisted of
clusters of filamentous structures similar, but not identical
to those of the BNs. The atypical neurofibrillary tangles
consisted of straight tubules of about 15 nm in diameter
(Fig. 3D). Lewy bodies found in the locus ceruleus and
oculomotor nucleus of patient IV-3 had typical electron
microscopic features [24]. The Lewy bodies in the dorsal
vagal nucleus of the medulla of patient III-5 (not illus-
trated here) comprised a slightly electron-dense portion
which consisted of criss-crossing filaments of 10–20 nm
in diameter with or without some electron-dense deposits,
surrounded by an electron-lucent halo, consistent with
Lewy bodies [50].

Immunohistochemical study of BNs, 
argyrophilic neuronal inclusions, cortical Lewy bodies, 
Pick bodies and astrocytic fibrillary tangles

The staining characteristics of the BNs and argyrophilic
neuronal inclusions in patient III-5, cortical Lewy bodies,
and Pick bodies and BNs in Pick’s disease are summa-
rized in Table 3, and are illustrated in Figs. 2E and 6. As
regards the immunostaining with anti-ubiquitin antibod-
ies, mirror sections (Fig. 2D, E) revealed that the BNs
(Fig. 2E) were variably stained, from no staining to mild
staining, whereas the argyrophilic inclusions (Fig.2E)
were markedly stained. The BNs and argyrophilic inclu-
sions were not stained with antibodies to 160- and 68-kDa
neurofilaments, β-protein, prion protein, MAPs, MAP-2,
α- and β-tubulins, tubulin, actin, vimentin, and myosin.
Ubiquitin- and tau-positive granules were occasional to
frequent in the hippocampus and deep cerebral cortex, but
ubiquitin-immunoreactive neurites as seen in DLBD [10,
27] were virtually absent in the CA2-3 region of the hip-
pocampus in both patients. The BNs and argyrophilic in-
clusions of our patients showed different staining charac-
teristics to those of cortical Lewy bodies, although the ar-
gyrophilic inclusions shared some staining features (Table
3). The BNs resembled those of Pick’s disease except for
the positive staining of antibodies to some phosphorylated
neurofilaments (SMI-34) and non-phosphorylated neuro-
filaments (SMI-33) (see Table 3). The argyrophilic inclu-
sions of our patient were different from Pick bodies in
terms of the staining features to tau, SMI 31, PHF and α
B crystallin. The astrocytic fibrillary tangles observed
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Fig. 4 A Lewy body (arrow) in the hypothalamus of patient III-5.
H&E, × 380
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here (Fig. 2C, F), whose astrocytic nature was confirmed
by double staining using antibodies to GFAP (Fig.2G),
were not stained with any of the antibodies listed above,
including those to tau.

Discussion

The most critical question about the disease affecting this
family was whether the disease represented one of famil-
ial PD or other kind of familial parkinsonism with partial
resemblance to PD. The clinical and histopathological
features of the disease observed in our patients included
both typical and atypical elements of PD. The typical clin-
ical features consisted of dopa-responsive parkinsonism,

and autonomic disturbances [3]. The progressive demen-
tia in our autopsied patients, which was explained by the
lesions in the cerebral cortex and nucleus basalis of
Meynert, has also been observed in some patients with PD
[25, 37] and also represents one of the main features of
DLBD [5, 29, 59]. The atypical features included the ge-
netic transmission as an apparently autosomal dominant
trait, myoclonus, convulsions and pyramidal tract signs.
Myoclonus and pyramidal tract signs, however, have been
reported in patients with DLBD [5], and pyramidal tract
signs also in those with juvenile parkinsonism [57].

The most characteristic histopathological abnormali-
ties observed in our two patients were: (1) degeneration
involving the cerebral cortex, amygdala, and areas vulner-
able to PD which included autonomic ganglia; (2) the
histopathological findings in the brain stem which were
similar to those of Lewy body PD, although the distribu-
tion of Lewy bodies was atypical because of their absence
in the substantia nigra and nucleus basalis of Meynert [15,
25]; and (3) the pathology in the cerebrum, particularly its
cerebral cortex, which was different from PD and DLBD,
including BNs, argyrophilic neuronal inclusions, promi-
nent atypical neurofibrillary tangles, and tau-negative as-
trocytic fibrillary tangles, but not senile plaques. Regard-
ing the BNs and neurons with argyrophilic inclusions,
there appeared an apparent transitional variability of argy-
rophilia (Fig.2C) and immunostaining (Table 3) between
the two. In addition, they contained filamentous structures
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Specificity Dilution Reactivity Commercial source
or reference

Patient III-5 Cortical Pick’s disease
LBs

BNs ANIs BNs Pick bodies

Ubiquitin 1 :50 – to + + to ++ ++ ± ± Sigma no. U-5379
Ubiquitin 1 :100 – to + + to ++ ++ ± + to ++ [39]
Tau 1 :100 – to ± – – –a ++ Sigma no. T-6402
Tau 1 :2,000 – to ± – – –a ++ [22]
Human tau 1 :5,000 – – – –a ++ [12]
Tau2 2,000 ± ± – –a ++ Sigma no. T-5530
p (+) nfs

(SMI-31) 1 :50,000 – to ++ – to ++ – – to ++ – SM
(SMI-34) 1 :2,500 – to ++ – to ++ – ±a – SM

p (–) nfs
(SMI-33) 1 :5000 + to ++ + to ++ – – – SM

PHF 1:200 – – – –a ++ ICN No. 64-742
α B 1:500 + to ++ + to ++ ++ ++ – [52]
crystallin
200-kDa nfs 1 :500 + ++ ± ++ – to ± Sigma No. n-5389
Alz-50 1 :50 ± ± ND –a ++ [55]

a Ring-like staining was seen in the periphery of some BNs

Table 3 Comparison of the epitopes of BNs and ANIs in patient
III-5, cortical Lewy bodies, and BNs and Pick bodies in patients
with Pick’s disease. The degree of staining is given as: – negative,
± minimally or occasionally positive, + positive, ++ strongly posi-
tive. All of the stainings in this table were performed by the avidin-
biotin complex method. The majority of the immunostaining re-
sults were based on the data obtained by the mirror section tech-

nique using both Bielschowsky-Hirano silver staining and ABC
method (see text). Patient IV-3 showed diffuse pallor in repetitive
immunohistochemical staining to most of the antibodies used, pos-
sibly due to loss of antigenicity caused by fixation, although some
ANIs showed positive staining to ubiquitin and SMI-31 [p (+)
phosphorylated, p (–) non-phosphorylated, nfs neurofilaments, SM
Sternberger-Meyer USA, ICN Chemical Credential USA]

Fig. 5 Electron microscopic appearance of a BN (A, B) and an
ANI (C, D) in the anterior temporal cortex of patient III-5. A, B
Inset showed a BN stained with toluidine blue. The BN contained
sparse filamentous structures (A) of about 15 nm in diameter,
which were coated with fuzzy electron-dense deposits (B) (see also
text). C, D Inset in C showed an ANI stained with toluidine blue.
The ANI comprised clusters of crisscrossing filamentous struc-
tures of about 20 nm in diameter (C) with some tubular profiles
(inset in D), coated with fuzzy electron-dense deposits of various
shapes and densities (D), which were similar to those of the fila-
mentous structures of B, but more prominent. Bars A, C = 1 µm,
B, D = 0.5 µm. A × 4200, inset × 565; B × 71700; C × 5360, inset
× 590; D and inset × 52000
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as revealed by electron microscopy. However, it is not
clear whether there was a transition between the two,
since the diameter of the filaments in the argyrophilic in-
clusions was slightly larger than that of the filaments in
BNs (Fig.5). Among the histopathological findings, the
argyrophilic inclusions, atypical neurofibrillary tangles
and tau-negative astrocytic fibrillary tangles were not de-
scribed in the original histopathological studies of patients

III-5 and IV-3 [24, 38], since the Bodian method used in
those studies could not detect these abnormalities, and im-
munohistochemical staining methods using various anti-
bodies except for the one to ubiquitin were not employed
there.

Both types of neurons in the cerebral cortex of our pa-
tients were different from cortical Lewy bodies for the
following reasons. H&E staining revealed that the
swollen neurons observed in our patients were of a homo-
geneously eosinophilic nature or contained intracytoplas-
mic inclusions with distinct margins, in addition to fre-
quent granulovacuolar changes. Many BNs did not show
positive staining to Bielschowsky-Hirano staining and
ubiquitin, both of which are the best staining methods for
cortical Lewy bodies [30, 32]. The two types of neurons
also showed positive staining for antibodies to phosphory-
lated and non-phosphorylated neurofilaments, whereas
cortical Lewy bodies were unstained, although the im-
munostaining of the cortical Lewy bodies to phosphory-
lated neurofilaments tends to be variable [2]. In addition,
electron microscopically, the density and arrangement of
filamentous structures in the two types of neurons were
different from those of cortical Lewy bodies, although the
filamentous structures with fuzzy electron-dense deposits
resembled those of the Lewy bodies [53]. These differ-
ences in both light and electron microscopic findings led
us to infer that the two types of neurons observed in pa-
tient III-5 were different from cortical Lewy bodies, al-
though it was difficult to rule out the possibilities that a
small number of cortical Lewy bodies were mixed, and
that the two types of neurons were atypical cortical Lewy
bodies which were modified by some gene abnormalities
of our patients. Furthermore, our two patients did not re-
veal ubiquitin-immunoreactive neurites in the CA2-3 re-
gion of the hippocampus, which have been claimed to co-
exist frequently with cortical Lewy bodies [10, 27]. The
two types of neurons resembled Pick bodies and BNs ob-
served in Pick disease [8, 41]. The argyrophilic neuronal
inclusions were different from Pick bodies because of the
almost negative or negative staining to both the Bodian
method and antibodies to tau and PHF [41], in addition to
the positive immunostaining to antibodies to SMI 31, SMI
34, 200-kDa and αB crystallin [33]. The electron micro-
scopic picture of the argyrophilic inclusions was also dif-
ferent because of the presence of fuzzy electron-dense de-
posits on the filamentous structures, whereas Pick bodies
consisted of smooth straight filaments and paired twisted
profiles without such deposits [41, 53]. The BNs observed
here partially resembled those of Pick’s disease in terms
of immunohistochemical staining features, but differed
electron microscopically since our BNs contained fila-
mentous structures similar to those of the argyrophilic in-
clusions [41].

Comma-shaped atypical neurofibrillary tangles ob-
served in the cerebral cortex of our patients were different
from typical Alzheimer’s neurofibrillary tangles because
our tangles, difficult to detect by the Bodian method,
showed the paucity of tau and PHF immunoreactivity, and
consisted of straight filaments of about 15 nm in diameter.
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Fig.6A–C Immunohistochemical reactivity of BNs and ANIs in
the anterior temporal cortex of patient III-5. The majority of the
BNs (arrowheads) and ANIs (arrows) showed marked immunore-
activity to the phosphorylated neurofilaments (SM-31) (A), 200-
kDa neurofilaments (B) and α B crystallin (C). Frequent vacuoles
observed in some of the neurons in B and C were granulovacuolar
changes (see also Table 3 and text). ABC method. A × 238, B × 440,
C × 280



Our tangles were also different from those of PSP because
of the paucity of tau immunoreactivity [20]. Arima et al.
[1] recently described similar neurofibrillary tangle-like
inclusions in one patient with corticobasal degeneration.
Although they consisted of identical 15-nm-thick straight
tubules, in addition to tubules with constrictions at
120–150-nm intervals, they were different from ours be-
cause of positive immunoreactivity to anti-tau antibody
and a weak reaction to anti-ubiquitin antibody. Regarding
astrocytic fibrillary tangles, those observed in our patients
were different from the ones reported to date [7, 13, 23,
56] in the absence of tau immunoreactivity. Although
such tau-negative astrocytic fibrillary tangles have not
been reported previously, the significance of the tangles
awaits a further study. Electron microscopic study of the
tangles is under investigation.

The familial parkinsonism with Lewy body formation
reported to date includes patients described by Maeda et
al. [34], Perry et al. [45, 46], Purdy et al. [47], Roy et al.
[49], Bhatia et al. [4], Yokochi et al. [58], Muenter et al.
[40], Giménez-Roldán et al. [17], Golbe et al. [18, 19],
Waters et al. [54], and Mark et al. [36]. None of them re-
vealed various cortical abnormalities as observed in our
patients, except for those of Maeda et al., who described
cortico-striato-pallido-nigral degeneration in three pa-
tients from the same family [34], in addition to one spo-
radic patient [35]. The clinicopathological features of
these four patients resembled ours in terms of dopa-re-
sponsive parkinsonism, Parkinson pathology, and BNs
and prominent neurofibrillary tangles in the cerebral cor-
tex. However, these patients were different in regard to
the absence of argyrophilic neuronal inclusions, and the
presence of the neurofibrillary tangles in the brain stem
areas vulnerable to PD, basal ganglia and subthalamic nu-
clei, although one of our patients (patient IV-3) showed
neurofibrillary tangles in the basal ganglia. Tiller-Borcich
and Forno [53] reported one additional patient who also
closely resembled ours both clinically and histopathologi-
cally, having both BNs and Lewy bodies. However, this
patient was different in terms of a negative family history
and of marked argyrophilia in the BNs. Thus, some of the
clinicopathological features of our patients were unlike
those of hitherto described PD or its related diseases.

In view of the clinical and histopathological features in
our patients, differential diagnosis other than DLBD and
Pick’s disease, should include CBD [13, 14, 16, 31, 44,
48, 51], PSP [20], Alzheimer’s disease [9, 17], Creutz-
feldt-Jakob disease [42] and cases of unclassified demen-
tia [9]. Creutzfeldt-Jakob disease is considered less likely
because of our patients’ clinical features and the distribu-
tion of histopathological lesions which resembled that of
PD, as well as the absence of status spongiosus in both pa-
tients, and negative immunostaining to prion protein in
patient III-5. The illness of our patients was in part simi-
lar to CBD and PSP in its parkinsonism and dementia.
The presence of myoclonus and BNs in the cerebral cor-
tex resembled CBD more than PSP. However, the pathol-
ogy in the our patients’ cerebrum was different from that
of CBD and PSP, consisting of argyrophilic neuronal in-

clusions, atypical tau-negative neurofibrillary tangles,
tau-negative astrocytic fibrillary tangles, and frequent
granulovacuolar changes in the BNs, although small vac-
uoles may be observed in the BNs of patients with CBD
[9, 44, 51]. Further, other features of our patients were
also different, including the familial occurrence, dopa-re-
sponsive parkinsonism, and distribution of histopatholog-
ical lesions with occasional Lewy bodies, although one
familial instance [48] and two patients with dopa-respon-
sive parkinsonism [44] have been reported in CBD. Jen-
droska et al. [26] reported a woman with CBD and Pick
bodies. However, the distribution of her BNs and Pick
bodies was different, since they were not intermixed as in
our patients. Tufted astrocytic fibrillary tangles are rela-
tively specific for PSP [7], but the sparing of the subthal-
amic, pontine, inferior olivary, and dentate nuclei in our
patients makes the possibility of PSP unlikely [20]. Alz-
heimer’s disease with concomitant PD was also unlikely
because senile plaques were not present in our patients,
and their neurofibrillary tangles were different from Alz-
heimer’s neurofibrillary tangles as discussed above.

In summary, the disease described here displayed clin-
icopathological features which did not coincide exactly
with any of the diseases outlined above. The ubiquitous
presence of BNs in the involved areas of our two autop-
sied patients may imply that this is a BN-type parkinson-
ism with partial resemblance to PD. However, the pres-
ence of Lewy bodies in both patients, a hallmark of PD
[15], indicates that this disease is a new variant of famil-
ial PD with atypical pathology which is prominent in the
cerebral cortex and amygdala. We speculate that some
gene abnormalities in this family may have caused such
an unusual combination of various abnormalities in the
cerebrum.
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