
Abstract We report a case displaying upper motor sign,
parkinsonism, and behavioral abnormality, with marked
degeneration of the precentral cortex, neostriatum and
frontotemporal lobes, as well as ubiquitinated neuronal
inclusions. The patient was a 66-year-old male at the time
of death. At age 57, he noticed progressive difficulties in
speaking and swallowing. At age 60, he was severely
anarthric and displayed emotional lability and inconti-
nence. Neurologically, very poor movement of tongue was
observed, but without atrophy or fasciculation. Deep ten-
don reflexes were hyperactive. Grasp reflex and snout re-
flex were also positive. Needle electromyography revealed
no abnormalities. A diagnosis of primary lateral sclerosis
and character change was made. At age 62, he developed
bradykinesia and rigidity of the neck and all extremities.
Treatment with carbidopa-levodopa was initiated, but re-
sulted in minimal improvement. At age 65, he was bed-
ridden, and had repeated occurrences of aspiration pneu-
monia; he died of pneumonia. Neuropathological exami-
nation revealed marked atrophy of the frontal and tempo-
ral lobes with Betz cells completely absent and moderate
atrophy of the neostriatum. The spinal cord and nerve
roots appeared normal. Immunohistochemically, ubiqui-
tin-positive but tau-negative intraneuronal inclusions were
found in the frontal and temporal cortices, including the
precentral cortex and the hippocampal dentate gyrus, and
the neostriatum. This case could be included with inclu-
sion-associated disorders such as frontotemporal demen-
tia or amyotrophic lateral sclerosis with dementia, and
furthermore, predominant upper motor sign and parkin-
sonism could represent phenotypes of clinical manifesta-
tions with such inclusions.
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Introduction

Primary lateral sclerosis (PLS), a progressive neurological
disorder selectively affecting the upper motor neuron sys-
tem, has been considered as representative of one end of a
continuous spectrum of amyotrophic lateral sclerosis (ALS)
[4]. In ALS with or without dementia, ubiquitinated neu-
ronal inclusions have been found in extramotor structures
such as the hippocampal dentate gyrus and frontotemporal
cortex [6, 11]. Similar inclusions have also been found in
cases of motor neuron disease-type frontotemporal de-
mentia (MND-FTD) [8], referred to as MND-inclusion
dementia (MND-ID) [2]. These two diseases are thus very
closely linked by the presence of ubiquitinated neuronal
inclusions. Recently, an autopsy case, in which the patient
presented with a syndrome mimicking PLS without defi-
nite lower motor neuron degeneration, was reported to
have ubiquitinated neuronal inclusions [7]. The spectrum
of disorders associated with ubiquitinated neuronal inclu-
sions needs to be clarified. We report an autopsy case,
with ubiquitinated neuronal inclusions, in which the pa-
tient presented with predominant upper motor signs mim-
icking PLS and L-dopa non-responsive parkinsonism in
addition to behavioral abnormalities. The extension of clin-
ical manifestations of the condition with such inclusions
is discussed.

Case report

A 66-year-old male gradually began to speak slowly, and noticed
difficulty in swallowing at age 57. He had no family history of
neurological disorders, including parkinsonism, dementia, and mo-
tor neuron disease. At 60 years of age, he was admitted to the hos-
pital with marked difficulty in swallowing and speaking. On ad-
mission, he was severely anarthric but he could understand con-
versations. He also displayed emotional lability and incontinence.
Neurologically, very poor movement of tongue was observed, but
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there was no atrophy or fasciculation. Muscle strength of all ex-
tremities was normal and muscle tone was normal. Deep tendon
reflexes were hyperactive and pathological reflex was negative.
Grasp reflex and snout reflex were also positive. Cerebrospinal
fluid was normal. Needle electromyography of the tongue and ex-
tremities revealed no abnormalities. Brain CT revealed slight atro-
phy of the frontotemporal lobe. Radiography of the skull and cer-
vical spine was unremarkable. A diagnosis of PLS and character
change was made. Tracheostomy was undertaken due to severe
pseudobulbar palsy, and tube feeding was initiated. At the age of
61, apathy and decreased activities of daily living were observed,
but the patient could still walk unaided. At age 62, he walked with
a stooped posture and developed bradykinesia. Myerson’s sign
was positive. Rigidity of the neck and all extremities was present
but gegenhalten was not present. Deep tendon reflexes were hy-
peractive and pathological reflexes were positive. Treatment with
carbidopa-levodopa was initiated, but resulted in minimal im-
provement. Results of needle electromyography of the tongue and
extremities remained unremarkable. At this stage, the patient was
completely anarthric and uncooperative, and cognitive function
could not be evaluated. At age 63, he became unable to walk and
was admitted to Hatsuishi hospital with pneumonia. Brain CT
showed severe atrophy of the frontal and temporal lobes symmet-
rically on both sides. At age 65, he was bed-ridden with marked

disused muscle atrophy. The lower extremities showed contracture
in extension and voluntary movements were seen only in the eyes,
neck and respiratory muscles with no fasciculations. Forced crying
was observed. Aspiration pneumonia occurred repeatedly and the
patient died of pneumonia at the age of 66, 9 years after disease on-
set.

Methods

The left hemisphere of the brain was fixed in formalin, and em-
bedded in paraffin. Serial coronal sections of the brain were exam-
ined macroscopically. Sections were stained using hematoxylin-
eosin (HE), Klüver-Barrera, and modified Bielschowsky and
Gallyas-Braak methods for histological examination. The immu-
nostaining was performed using the rabbit polyclonal antibodies
against ubiquitin (Z 0458; Dako, Glostrup, Denmark, 1:250) and
cystatin C (A 0451; Dako, 1:1,000) and a mouse monoclonal anti-
body against phosphorylated tau (AT8, Innogenetics, Ghent, Bel-
gium, 1:10,000). Sections were deparaffinized and incubated with
primary antibodies overnight at 4°C, then visualized by the avidin-
biotin-peroxidase complex method using diaminobenzidine tetra-
hydrochloride as the chromogen.

Results

The brain weighed 1,000 g before fixation. There was marked
atrophy of the frontal and temporal lobes including the
precentral and superior temporal gyri (Fig. 1A). Coronal
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Fig. 1 Frontotemporal atrophy and pyramidal tract degeneration.
A Brain showing remarkable frontotemporal lobe atrophy. B Se-
vere atrophy in the cerebral peduncle of the midbrain. C, D Myelin
pallor in the anterior and lateral corticospinal tracts in the cervical
cord (C8) (C) and in the lateral corticospinal tract in the lumbar
cord (L4) (D). Klüver-Barrera



sections showed moderate atrophy of the neostriatum (cau-
date nucleus and putamen) and a marked reduction in vol-
ume of the white matter with a dilatation of the lateral
ventricle. In the brainstem, pigment was moderately reduced
in the substantia nigra and there was marked atrophy of
the cerebral peduncle and medullary pyramid (Fig. 1B).
The spinal cord and nerve roots appeared unremarkable.
Microscopic examination revealed widespread neuronal
loss and gliosis in the frontal and temporal cortices, being
more accentuated in the superior temporal cortex and pre-
central cortex with marked microvacuolation in cortical
layer II (Fig. 2A). Betz cells were completely absent. The
white matter under the frontotemporal cortices showed
myelin pallor and gliosis. The hippocampus and dentate
gyrus were relatively preserved. Moderate neuronal loss
and gliosis with microvacuolation were noted in the neo-

striatum. The substantia nigra showed moderate to severe
neuronal loss with gliosis. The hypoglossal nucleus ap-
peared preserved. The pyramidal tract showed marked de-
generation with gliosis through the internal capsule to
medulla oblongata. The lateral and anterior corticospinal
tracts of the spinal cord showed marked degeneration
(Fig. 1C, D). The anterior horn at the level of C8 was slightly
atrophic with neuronal cells well preserved (Fig. 1B). Im-
munohistochemically, ubiquitin-positive but tau-negative
intraneuronal inclusions were found in the frontal and
temporal cortices, including the precentral cortex and the
hippocampal dentate gyrus, and the basal ganglia, includ-
ing the amygdala, putamen, and caudate (Fig. 2B–E), but
not in the brainstem and spinal cord. Bunina bodies and
skein-like inclusions were not detected. No Lewy bodies,
Pick bodies, neurofibrillary tangles, or senile plaques were
present.

Discussion

ALS with dementia, MND-FTD and MND-ID display ubi-
quitinated neuronal inclusions in the frontotemporal cor-
tex and hippocampal dentate gyrus [2, 8, 11]. These con-
ditions may be closely linked as different manifestations
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Fig. 2 Microscopic findings. A Severe neuronal loss and gliosis of
the precentral cortex with marked microvacuolation. Hematoxylin-
eosin. B, C Higher magnification of the precentral cortex (B) and
frontal cortex (C) showing microvacuolation and the presence of
ubiquitinated inclusions in the residual small neurons. Immuno-
staining. D, E ubiquitinated inclusions in the granular cells of the
dentate gyrus (D) and in the neurons of the putamen (E). Immuno-
staining. Bar A 200 µm; B 20 µm; C–E 10 µm



of the clinical spectrum of diseases associated with such
inclusions. ALS with dementia, characterized by progres-
sive motor neuronal and psychiatric symptoms, is a vari-
ant of ALS that was proposed by Mitsuyama as a new en-
tity [5]. Lower motor symptoms predominate with little
upper motor involvement and no parkinsonism, although
ubiquitinated neuronal inclusions have recently been re-
ported as present in the neostriatum and substantia nigra
of ALS with dementia [1, 10]. Conversely, MND-FTD,
characterized by behavioral abnormalities and dementia
with or without lower motor symptoms, displays late parkin-
sonism but no cortical bulbar or spinal deficits. The latter,
in fact, serve to exclude diagnosis of MND-FTD [8]. In
the present case, characterized by ubiquitinated neuronal
inclusions in the frontotemporal cortex, including the pre-
central gyrus and neostriatum, in addition to the hippo-
campal dentate gyrus, severe degeneration of the precen-
tral gyrus was present throughout the pyramidal tract and
neostriatum, corresponding to the clinical features of pre-
dominant upper motor neuron signs mimicking PLS and
L-dopa non-responsive parkinsonism, respectively. Pre-
dominant upper motor neuron sign is usually absent in
MND-FTD, and has only been reported in three cases [3,
7, 9] with marked degeneration of the pyramidal tract and
the absence of definite lower motor neuron degeneration,
two of which manifested as PLS [3, 7] and one as frontal
Pick’s disease [9]. Parkinsonism is absent in ALS with de-
mentia [5], and occurs as a late but not prominent sign in
MND-FTD [8]. In line with these findings, conditions as-
sociated with ubiquitinated neuronal inclusions may rep-
resent multisystem degeneration involving the frontotem-
poral lobe, neostriatum, and pyramidal tract, in addition to
the lower motor system, and should be noted to include
clinical phenotypes such as MND-FTD, ALS with de-
mentia, PLS, and L-dopa non-responsive parkinsonism.
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