
Abstract This report concerns an autopsy case of rapidly
progressive aphasia and motor neuron disease. The pa-
tient was a Japanese woman who was 75 years old at the
time of death. The family history did not reveal hereditary
burden. She developed language disturbances and diffi-
culty in swallowing at age 74. Neurological examination
1 month after the disease onset revealed motor aphasia
without dementia and bulbar sign, followed by muscle
weakness of the four extremities. Neuroradiological ex-
amination revealed progressive atrophy of the anterior
part of the left temporal lobe. She died of respiratory dif-
ficulty 10 months after the disease onset. Macroscopi-
cally, neuropathological examination showed circum-
scribed atrophy of the left perisylvian region and, histo-
logically, neuronal loss in the cerebral cortex, including
the primary motor area, substantia nigra, brain stem motor
nuclei, and anterior horns of the spinal cord, in addition to
obvious degeneration of the pyramidal tracts and presence
of Bunina bodies. Ubiquitin-immunoreactive neuronal in-
clusions were present in the hippocampal dentate granular
cells and frontotemporal cortical layer II neurons. Based
on these clinicopathological findings and a review of the
literature, we concluded that our case is the first reported
case of amyotrophic lateral sclerosis with dementia that
clinically showed rapidly progressive aphasia.
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Introduction

Progressive aphasia is a clinical syndrome, proposed by
Mesulam [13, 14], affecting the left perisylvian region
and presenting with gradually worsening aphasia with-
out generalized dementia at the initial stage. To date, a
variety of diseases presenting with the syndrome have
been reported, including Alzheimer-type dementia [6],
Pick’s disease with Pick bodies [5], corticobasal degen-
eration [1, 24, 25], dementia lacking distinctive histol-
ogy (DLDH) [26] and other degenerative conditions
[22].

Few reports concerning cases of progressive aphasia
with amyotrophic lateral sclerosis (ALS) are available at
present [4, 10], but judging from the present neu-
ropathological criteria, the above-mentioned cases do
not belong to the category of ALS with dementia [15,
19, 20, 27] or motor neuron disease-type dementia
(MNDD) [18, 23].

We report here a Japanese autopsy case of rapidly
progressive nonfluent aphasia with ALS, which also
showed neuroradiologically progressive localized lobar
atrophy in the brain. Neuropathological examination re-
vealed not only macroscopically circumscribed atrophy
of the left perisylvian region, but also histologically
marked neuronal loss and astrocytosis in the circum-
scribed lobar atrophy with widespread ubiquitin-immu-
noreactive intraneuronal inclusions in the brain, in addi-
tion to neuropathology compatible with ALS. We be-
lieve that our case verifies the multiplicity of pathology
underlying progressive aphasia and the diversity of clin-
icopathological features concerning ALS with dementia
or MNDD.
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Case report

Clinical course

The patient was a Japanese woman who was 75 years old at the
time of death. She had no family history of neurological disease.
The patient developed language disturbance and difficulty in swal-
lowing at age 74. About 1 month later, neurological examination
revealed motor aphasia, forced laughter, dysarthria, and increased
deep tendon reflexes in the extremities. Muscle weakness of the
four extremities was not present. Hand grip test showed that the
right side was 22 kg, with the left side being 21.5 kg. Using the
Wechsler adult intelligence scale (WAIS), verbal intelligence quo-
tient (IQ) could not calculated because of dysarthria; the perfor-
mance IQ was 97. At this stage, electromyogram examination re-
vealed neurogenic pattern in the upper extremities. About 5 months
after the onset of the disease, the patient presented with muscle
weakness of the upper and lower extremities. Neurological exami-
nation at this period showed severe motor aphasia, weakness of the
facial muscle, atrophy and fasciculation of the tongue, moderate
muscle weakness in the upper and lower extremities, and bilateral
Babinski signs. About 6 months after the disease onset, she could
not walk by herself, and tube feeding was started because of severe
dysphagia. At 7 months after the onset of the disease, she could not
understand sentences and phrases spoken by doctors and nurses.

About 9 months after the disease onset, she could not move the
four extremities. She died of respiratory disturbance about 10 months
after the onset of the disease.

Neuroradiology

Brain computed tomography and magnetic resonance imaging at
age 74, 1 month after the onset of the disease, showed slight atro-
phy of the anterior part of the left temporal lobe (Fig. 1A–C). At 
6 months after the disease onset, when the patient could not walk
by herself, atrophy of the anterior part of the left temporal lobe be-
came prominent (Fig. 1D–F).

Pathological findings

The main pathological findings outside the central nervous system
were neurogenic atrophy of the skeletal muscles and mild conges-
tion with edema of the lungs (320 g; 280 g).

The weight of the brain was 1070 g after fixation. Macroscopic
examination showed circumscribed atrophy of the left perisylvian
region including pars opercularis of the inferior frontal gyrus and
first temporal gyrus (Fig. 2A–D). The anterior part of the first tem-
poral gyrus was severely atrophic (Fig. 2A–D). Slight atrophy was
obvious in the oral part of the left parahippocampal gyrus, left lat-
eral occipitotemporal gyrus, left inferior temporal gyrus, and left
amygdala. Depigmentation of the substantia nigra was evident. At-
rophy of the anterior roots and anterior horns of the spinal cord,
prominently in the cervical cords, was evident. Bilateral pyramidal
tracts were white and degenerated in the thoracic spinal cords. His-
tological examination revealed neuronal loss of Betz cells, with a
small grouping of lipofuscin-laden macrophages in the holes from
which Betz cells had presumably disappeared in the primary motor
cortex. Degeneration of the pyramidal tracts was evident in the
spinal cord (Fig. 3A). Neuronal loss with astrocytosis was also ev-
ident in the left first temporal gyrus (Fig. 2E, F), left second tem-
poral gyrus, left lateral occipitotemporal gyrus, bilateral para-
hippocampal gyri, bilateral pes hippocampi, and bilateral basolat-
eral groups of the amygdala. Neuronal loss was not evident in the
caudate nucleus, putamen, pallidum, subthalamic nucleus, and thal-
amus. Neuronal loss was obvious in the substantia nigra. Neurons
of the locus ceruleus, dentate nucleus, pontine nucleus, trochlear
nucleus, and abducens nucleus were preserved. Purkinje cells of the
cerebellum were also preserved. Neuronal loss with presence of
Bunina bodies was evident in the facial nucleus, hypoglossal nu-
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Fig. 1 Brain CT and MRI showing progressive atrophy of the left
temporal lobe. A–C CT (A) and MRI (B, C) 1 month after the dis-
ease onset. D–F MRI 6months after the disease onset (CT com-
puted tomography, MRI magnetic resonance imaging)

F

Fig. 2 A Left cerebrum after stripping of the leptomeninges re-
veals circumscribed atrophy of the left perisylvian region, includ-
ing pars opercularis of the inferior frontal gyrus and the first tem-
poral gyrus. B Coronal section through the anterior part of the
cerebrum showing prominent atrophy of the left temporal pole.
C, D Coronal section through the anterior part of the left temporal
lobe showing prominent atrophy with loss of myelin and fibrillary
gliosis of the first and second temporal gyrus. E, F Left first tem-
poral cortex showing prominent neuronal loss (E) and fibrillary
gliosis (F) with artificial cleft, prominently in the superficial lay-
ers. C Klüver-Barrera stain; D, F Holzer stain. E H&E stain. Bars
C, D 10 mm, E, F 200 µm
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clei, and anterior horns of the spinal cord (Fig. 3B, C). Onuf’s nu-
cleus of the second sacral cord was preserved. No senile plaques
were seen using methenamine silver stain. A small number of neu-
rofibrillary tangles (NFT) were present in the hippocampus, with a
small to moderate number of NFT in the parahippocampal gyrus.

Immunocytochemistry using antibodies against ubiquitin
(polyclonal; Dako, Denmark) and monoclonal (from Dr. H. Mori;
Tokyo Institute of Psychiatry) revealed neuronal inclusions, in-
cluding skeins of thread-like structures, in the neurons of the ante-
rior horns of the spinal cord and hypoglossal nuclei (Fig. 3D).
Ubiquitin-immunoreactive neuronal inclusions were also present
in the hippocampal dentate granular cells (Fig. 3E), frontotemporal
layer II neurons, and amygdala.

Discussion

Progressive aphasia has been increasingly recognized as
a clinical presentation of primary cerebral degeneration.
The debate regarding the nosological status of progres-
sive aphasia still remains unresolved, especially whether
patients represent focal presentations of Alzheimer’s
disease or of Pick’s disease, or whether it constitutes a
distinct entity. Our case, belonging to the category of
ALS with dementia or MNDD, supports the opinion
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proposed by Snowden et al. [22] that progressive apha-
sia forms part of a spectrum of clinical presentations of
non-Alzheimer lobar atrophy. According to Turner et al.
[26], who reported three autopsy cases of DLDH pre-
senting with clinical features of progressive nonfluent
aphasia, a literature review of progressive aphasia cases
with adequate clinical and neuropathological descrip-
tions revealed that the most common neuropathology
underlying progressive nonfluent aphasia was DLDH.
Our patient, who had clinical features of progressive
nonfluent aphasia, shows that ALS with dementia or
MNDD is one of the pathologies underlying progressive
nonfluent aphasia.

ALS is a progressive neurodegenerative disorder clin-
ically characterized by lower and upper motor neuron
signs, with marked degeneration of the upper and lower
motor neurons of the brain and spinal cord. ALS with de-
mentia [15, 19, 20, 27] or MNDD [18, 23] is a variant of
ALS and/or a subgroup of frontotemporal dementia. Ac-
cording to Mitsuyama [15], who reviewed the clinico-
pathological findings of 26 cases of ALS with dementia
in Japan, the pathological features include nonspecific
mild degenerative changes throughout the central ner-
vous system with pathological findings of motor neuron
disease. As autopsy cases of ALS with dementia have ac-
cumulated in Japan, the variety of pathological findings
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Fig. 3 A Lower cervical cord showing degeneration of the bilat-
eral pyramidal tracts. B Right anterior horn of the lower cervical
cord showing slight neuronal loss. C Bunina body (arrow) in the
hypoglossal nucleus. D Ubiquitin-immunoreactive neuronal inclu-
sions in the lumbar cord. E Ubiquitin-immunoreactive neuronal in-
clusions in the hippocampal dentate granular cells. A, B Klüver-
Barrera stain; C H&E; D, E ubiquitin staining. Bars A 1 mm;
B 100 µm; C, E 20 µm; D 50 µm



of ALS with dementia has increased. According to
Nakano et al. [17] and Nakano [16], the temporal lobe in-
cluding the medial cortex of the temporal tip and a part of
the pes hippocampi is usually involved in ALS with de-
mentia. Moreover, Nakano [16] noticed that in approxi-
mately 10% of patients with ALS without dementia, the
temporal lobe including the medial cortex of the temporal
tip and a part of the pes hippocampi was also affected.
The neuropathological findings in our case, including
neuronal loss in the medial cortex of the temporal lobe
and in parts of the pes hippocampi, were fundamentally
consistent with the neuropathological findings proposed
by Nakano [16]. Furthermore, according to the recent ad-
vancements in the immunohistochemistry of neu-
ropathology, the definition of pathology of ALS with de-
mentia has been augmented. In the brain of patients with
ALS with dementia, anti-ubiquitin immunohistochem-
istry revealed the presence of characteristic intraneuronal
inclusions in the cortical layer and hippocampal dentate
granular cells [19, 20, 27]. In 1991, Okamoto et al. [19],
who neuropathologically examined 27 patients with spo-
radic ALS, including a patient diagnosed as having ALS
with dementia, reported that there were ubiquitin-positive
intraneuronal inclusions in the extramotor cortex of 7 out
of 27 patients with sporadic ALS. Furthermore, they
noted that in a patient with ALS with dementia, ubiqui-
tin-immunoreactive intraneuronal inclusions were ob-
served in many small neurons in the second layer of the
frontal cortex. Later, Okamoto et al. [20] reported that
ubiquitin-positive intraneuronal inclusions were found in
the extramotor cortices of 10 presenile patients diagnosed
as having ALS with dementia and without hereditary bur-
den. In 1992, Wightmann et al. [27], who examined 33
patients with ALS, including 14 patients diagnosed as
having ALS with dementia, showed that ubiquitin-posi-
tive inclusions in small neurons of the hippocampus, en-
torhinal area, and neocortex were a characteristic feature
of degeneration of the non-motor cortex in ALS, and that
they were particularly associated with cognitive impair-
ment and frontal lobe type dementia.

Moreover, the concept of ALS with dementia or
MNDD has been challenged. It is increasingly recognized
that frontotemporal dementia with ubiquitin-positive in-
clusions in the non-motor cortex is a common form of
non-Alzheimer’s degenerative dementia with circum-
scribed atrophy [8]. Bergmann et al. [2], who examined
histological and immunohistochemical findings in 20 cases
of frontotemporal degeneration, including 8 cases of de-
mentia of the frontal lobe [3, 12], 7 cases of Pick’s disease
with Pick bodies, and 5 cases of ALS with dementia, re-
ported that ubiquitin-positive and tau-negative inclusions
in cortical, hippocampal, and motor neurons were found
not only in patients with ALS with dementia, but also in
patients with dementia of the frontal lobe. They suggested
that there was a common pathogenesis between ALS with
dementia and dementia of the frontal lobe. Furthermore,
Jackson et al. [7], who reported 9 cases of frontotemporal
dementia with ubiquitin-immunoreactive inclusions in the
hippocampal dentate granular cells and without neuronal

loss or ubiquitin-immunoreactive inclusions in the hy-
poglossal nuclei, proposed the term “motor neurone dis-
ease-inclusion dementia” (MNDID) for these cases. The
neuropathology of our case, showing circumscribed atro-
phy in the left frontotemporal lobe with ubiquitin-immu-
noreactive inclusions in the hippocampal dentate granular
cells and frontotemporal cortical layer II neurons in addi-
tion to a pathology compatible with ALS, deserve men-
tioning as an example of the diversity of clinicopatholog-
ical features of ALS with dementia or MNDD.

As mentioned in the introduction, few patients with
neuropathologically confirmed progressive aphasia with
ALS have been reported. In 1987, Kirshner et al. [10],
who reported two autopsy cases of progressive aphasia
without dementia, described a case (patient 2), in which
language difficulty developed at age 58 and progressive
muscular wasting of the upper and lower extremities with
widespread fasciculation appeared 12months before the
patient’s death. However, neuropathological examination
showed only a focal, linear vacuolation with gliosis lim-
ited to the left inferior frontal gyrus without pathology
compatible with ALS. Therefore, we cannot judge that the
patient had ALS. According to Caselli et al. [4], who re-
ported 7 cases of rapidly progressive aphasic dementia
and motor neuron disease including 3 autopsy cases, only
1 autopsy case (patient 1) showed prominent atrophy in
the left frontal operculum and left anterior temporal gyrus
with degeneration of the pyramidal tracts and loss of neu-
rons in the cervical spinal cords on neuropathological ex-
amination. However, they did not describe whether Bun-
ina bodies were present in the neurons of anterior horns of
the spinal cord, or whether ubiquitin-immunoreactive in-
traneuronal inclusions were present in the hippocampal
dentate granular cells. Therefore, we cannot regard the au-
topsy cases reported by Caselli et al. as belonging to the
category of ALS with dementia or MNDD. Moreover, ac-
cording to Mann [11], who recently reviewed frontotem-
poral dementia including ALS with dementia, no in-
stances of progressive aphasia combined with ALS have
apparently been reported in which the cortical histology
was that of Pick-type. Based on a review of the literature,
we believe that our case is the first reported case of ALS
with dementia or MNDD that clinically showed rapidly
progressive aphasia.

With regard to the clinicopathological correlation of
progressive aphasia and MNDID [7], the autopsy case of
progressive aphasia reported by Kinoshita et al. [9] is of
some interest. Neuropathological examination of the case
showed many ubiquitinated neurites and a few ubiquitin-
immunoreactive neuronal inclusions in the cerebral cor-
tex, in addition to severe neuronal loss and astrocytosis
with a spongy state in the frontal cortex and neostriatium.
However, the hypoglossal nucleus in that case was pre-
served. We think that there is an undeniable possibility
that the case reported by Kinoshita et al. had the patho-
logical features of MNDID. According to Schwarz et al.
[21], who reported an autopsy case of progressive aphasia
with a duration of 14years and without the clinical fea-
tures of ALS, neuropathological examination of the case
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revealed not only severe neuronal loss with spongy state
of the anterior parts of the temporal lobes, but also ubiq-
uitin- immunoreactive inclusions in the hippocampal den-
tate granular cells without loss of neurons in the hy-
poglossal nuclei. We speculate that the case reported by
Schwarz et al. (1998) belonged to a variant of MNDID
showing clinical features of progressive aphasia and
pathological features compatible with MNDID, including
ubiquitin- immunoreactive inclusions in the hippocampal
dentate granular cells.
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