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Abstract While both neuronal intermediate filament
inclusion disease (NIFID) and basophilic inclusion body
disease (BIBD) show frontotemporal lobar degeneration
and/or motor neuron disease, it remains unclear whether,
and how, these diseases differ from each other. Here, we
compared the clinicopathological characteristics of four
BIBD and two NIFID cases. Atypical initial symptoms
included weakness, dysarthria, and memory impairment in
BIBD, and dysarthria in NIFID. Dementia developed more
than 1 year after the onset in some BIBD and NIFID cases.
Upper and lower motor neuron signs, parkinsonism, and
parietal symptoms were noted in both diseases, and invol-
untary movements in BIBD. Pathologically, severe caudate
atrophy was consistently found in both diseases. Cerebral
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atrophy was distributed in the convexity of the fronto-parie-
tal region in NIFID cases. In both BIBD and NIFID, the
frontotemporal cortex including the precentral gyrus, cau-
date nucleus, putamen, globus pallidus, thalamus, amyg-
dala, hippocampus including the dentate gyrus, substantia
nigra, and pyramidal tract were severely affected, whereas
lower motor neuron degeneration was minimal. While
o-internexin-positive inclusions without cores were found in
both NIFID cases, one NIFID case also had o-internexin-
and neurofilament-negative, but p62-positive, cytoplasmic
spherical inclusions with eosinophilic p62-negative cores.
These two types of inclusions frequently coexisted in the
same neuron. In three BIBD cases, inclusions were tau-,
o-synuclein-, a-internexin-, and neurofilament-negative, but
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occasionally p62-positive. These findings suggest that: (1)
the clinical features and distribution of neuronal loss are
similar in BIBD and NIFID, and (2) an unknown protein
besides a-internexin and neurofilament may play a pivotal
pathogenetic role in at least some NIFID cases.

Keywords o-Internexin - Caudate nucleus -
Frontotemporal dementia - TDP-43 - Motor neuron disease

Introduction

Basophilic inclusion body disease (BIBD) is a rare disease
entity, whose clinical phenotype includes dementia and
motor neuron disease (MND) [25]. Cases of dementia hav-
ing basophilic inclusions were originally called “general-
ized variant of Pick’s disease” [24]. The clinical and
pathological features of BIBD were reported to be young
onset, remarkable degeneration in the frontotemporal
cortex, caudate nucleus, and substantia nigra, and the
occurrence of round cytoplasmic basophilic inclusions
immunonegative for tau or neurofilament. As far as we
know, only seven autopsy cases of generalized variant of
Pick’s disease have been reported [11, 14, 24, 36]. Like the
generalized variant of Pick’s disease, the onset age in MND
cases with basophilic inclusions reported previously is very
young, often under 40 years. MND with basophilic inclu-
sions is also very rare, and only about ten cases of this sub-
type have been reported [1, 13, 18, 19, 22, 23, 28, 30, 33,
34,37, 41].

Recently, a new disease entity of frontotemporal lobar
degeneration (FTLD) called neuronal intermediate filament
inclusion disease (NIFID), neurofilament inclusion body
disease (NIBD), or neurofilament inclusion disease (NFID)
was proposed [5, 6, 16]. A pathological hallmark of NIFID
is the occurrence of neurofilament-positive intraneuronal
inclusions. More recently, it was reported that a-internexin
immunohistochemistry reveals the inclusions more sensi-
tively and specifically [6, 39].

The morphological features of the inclusions in NIFID
on conventional stains are quite similar to those of inclu-
sions in BIBD. Further, the BIBD cases previously reported
were not always fully examined immunohistochemically.
Therefore, the clinical and pathological characteristics in
BIBD have not been fully established, and whether the clin-
icopathological features of BIBD are different from those of
NIFID remains unclear. In the present study, we first used
o-internexin and neurofilament immunohistochemistry to
differentiate NIFID cases from our series of cases that were
previously diagnosed as BIBD, based on conventional
stains. Then, we compared the clinical features, distribution
of neuronal loss, and immunohistochemical characteristics
of BIBD and NIFID cases.
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Materials and methods

Subjects

Six cases previously diagnosed as BIBD were selected
from our autopsy series. A diagnosis of BIBD had been
made based on the conventional histopathological features
of basophilic inclusion bodies reported previously: (1)
round or oval intraneuronal inclusions that are detected by
hematoxylin-eosin (H&E), Kliiver-Barrera, and Bodian
stains according to previous reports [24] and (2) that are not
immunolabeled with antibodies against tau, a-synuclein, or
ubiquitin. The six cases were immunohistochemically
reexamined.

Neuropathological examination

Brain tissue samples from all subjects were fixed postmor-
tem with 10% formalin and embedded in paraffin. Sections
(10 pum thick) from the frontal, temporal, parietal, occipital,
insular, and cingulate cortices, hippocampus, amygdala,
basal ganglia, midbrain, pons, medulla oblongata, cerebel-
lum, and spinal cord were prepared. These sections were
stained by the hematoxylin-eosin (H&E), Kliiver-Barrera,
Holzer, methenamine silver, Bodian, and Gallyas-Braak
methods.

Sections from representative regions of the cerebrum,
brainstem, and spinal cord were examined immunohisto-
chemically using antibodies to ubiquitin (Z0458, rabbit,
polyclonal, 1:5,000, Dako, Glostrup, Denmark), ubiquitin
(MAB1510, mouse, monoclonal, 1:500, Chemicon, Burlin-
game, CA, USA), phosphorylated tau (AT8, mouse,
monoclonal, 1:3,000, Innogenetics, Ghent, Belgium), phos-
phorylated neurofilament (SMI31, mouse, monoclonal,
1:1,000, Sternberger, Lutherville, MD, USA), phosphoryla-
tion-independent neurofilament (SMI32: mouse, monoclo-
nal, 1:100, Sternberger Monoclonals, Baltimore, MD, USA),
o-internexin (ab32306, rabbit, polyclonal, 1:100, Abcam
Plc., Cambridge, UK), phosphorylated a-synuclein (psyn#64,
mouse, monoclonal, 1:1,000, Wako, Osaka, Japan), TDP-43
(10782-1-AP, rabbit, polyclonal, 1:500, ProteinTech Group
Inc., Chicago, IL, USA), N-terminus of p62 protein (p62-N,
guinea pig, polyclonal, 1:500, Progen Biotechnik GmbH,
Heidelberg, Germany), C-terminus of p62 protein (p62-C,
guinea pig, polyclonal, 1:500, Progen Biotechnik GmbH),
polyglutamine  (1C2, mouse, monoclonal, 1:10,000,
Chemicon, Burlingame, CA, USA), and glial fibrillary acidic
protein (GFAP, rabbit, polyclonal, 1:5,000, Dako). Depa-
raffinized sections were incubated with 1% H,0O, in metha-
nol for 20 min to eliminate endogenous peroxidase activity
in the tissue. Sections were treated with 0.2% TritonX-100
for 5 min and washed in phosphate-buffered saline (PBS,
pH 7.4). When using anti-ubiquitin, anti-neurofilament,
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anti-N-terminus p62, anti-C-terminus p62, and anti-a-intern-
exin antibodies, the sections were pretreated by autoclaving
for 10 min in 10 mM sodium citrate buffer at 120°C. After
blocking with 10% normal serum, the sections were incu-
bated for 72 h at 4°C with one of the primary antibodies in
0.05 M Tris-HCI buffer, pH 7.2, containing 0.1% Tween
and 15 mM NaNj;. After three 10-min washes in PBS, the
sections were incubated in biotinylated anti-rabbit, anti-
mouse, or anti-guinea pig secondary antibody for 1 h, and
then in avidin-biotinylated horseradish peroxidase complex
(ABC Elite kit, Vector, Burlingame, CA, USA) for 1 h. The
peroxidase labeling was visualized with 0.2% 3,3'-diam-
inobenzidine (DAB) as the chromogen. The sections were
counterstained with hematoxylin. For double staining with
N-terminal-specific p62 antibody (p62-N) and anti-o-intern-
exin antibody (ab32306), primary antibody labeling in the
first cycle (p62-N) was detected in the same way as single
staining except that the DAB reaction was intensified with
nickel ammonium sulfate to yield a dark purple precipitate.
Then, primary antibody labeling in the second cycle
(ab32306) was detected in the same way as single staining.
The sections were counterstained with nuclear fast red for
double immunostaining.

Semiquantitative assessment of histopathological lesions

Neuronal loss and gliosis in representative regions were
semiquantitatively evaluated. The degree of degeneration in
the cerebral cortex was assessed on H&E-, KB-, and
GFAP-stained sections according to the following grading
system employed in our previous study [43]: —, no histopa-
thological alteration; +, slight neuronal loss and gliosis are
observed only in the superficial layers; ++, obvious neuro-
nal loss and gliosis are found in cortical layers II and III,
and status spongiosis and relative preservation of neurons
in layers V and VI are often present; and +++, pronounced
neuronal loss with gliosis is found in all cortical layers, and
the adjacent subcortical white matter exhibits prominent
fibrous gliosis. In the basal ganglia and brainstem nuclei,
the degree of neuronal loss and gliosis was assessed on
H&E-, KB-, and GFAP-stained sections according to the
following grading system: -, neither neuronal loss nor glio-
sis is observed; &, mild gliosis is observed on H&E- or
GFAP-immunostained sections, but neurons are not
reduced in number; +, mild gliosis and mild neuronal loss
are present; ++, neuronal loss and gliosis are moderate, but
tissue rarefaction is absent; and +++, severe neuronal loss,
severe fibrous gliosis, and tissue rarefaction are observed.
Degeneration of the corticospinal tract at the level of the
cerebral peduncle and medulia oblongata and of the fronto-
pontine tract in the cerebral peduncle was assessed by loss
of myelin, glial proliferation, and presence of macrophages,
and indicated as + (present) or — (absent).

Results

Among six cases previously diagnosed as BIBD, neurofila-
ment-positive inclusions were disclosed in two cases, and
the inclusions also showed intense immunoreactivity to
a-internexin; thus, the diagnosis of these cases was changed
to NIFID. The other four cases were again diagnosed as
BIBD. Limited clinical and pathological data in cases 1 [9],
2 [15], 3 [20], 5 [32, 36], and 6 [42] have been reported in
Japanese.

Case reports
Case I (BIBD)

This man was 40 years old at the time of death. He initially
complained of difficulty working in high places at age 34.
Subsequently, weakness in the left hand and dysarthria
developed. Neurological examination at age 35 revealed
muscle weakness, fasciculation, and cerebellar ataxia
including lack of coordination of the left side extremities.
Apathy and oral dyskinesia also developed. Subsequently,
involuntary movements such as an alien-hand sign to grasp
something with the left hand, deviation of the tongue to the
right side, and spastic paralysis in the left extremities also
emerged. He obtained an IQ score of 89 on the Wechsler
Adult Intelligence Scale (WAIS). At age 36, he could not
walk without support. Reduction of utterance, impaired
comprehension of speech, disorientation, bradykinesia,
swallowing disturbance, ideomotor apraxia, and dressing
apraxia were found. Weakness of the left facial muscles and
four extremities, muscle atrophy of the tongue, left sterno-
cleidomastoid muscle, and hands, and fasciculation of the
legs were also observed. Deep tendon reflexes were hyper-
active, and the Babinski sign was positive on the right side.
Examinations of blood and cerebrospinal fluid were unre-
markable. Electromyography and nerve conduction veloc-
ity testing were within normal limits, and neurogenic
patterns were observed on muscle biopsy specimens. He
died of pneumonia, with a clinical course of 6 years and
4 months. The final neurological diagnosis was amyotro-
phic lateral sclerosis (ALS) with dementia or Creutzfeldt-
Jakob disease.

Case 2 (BIBD)

The patient was a man who was 63 years old at the time of
death. He initially developed obsessive ideas and behaviors
at the age of 57 years. Subsequently, stereotypic behaviors
occurred. He had no relevant past medical or family his-
tory. Neurological examination at age 57 disclosed obses-
sive behaviors, impaired facial recognition, euphoria, and
emotional incontinence. Baseline blood examinations were
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within normal limits. He was tested using the WAIS and
obtained an IQ score of 99. At age 58, apathy, restlessness,
oral tendency, disorientation in time and place, impaired
memory function, and disturbance of calculation ability
were observed. No motor neuron signs, parkinsonism, or
cerebellar symptoms were noted, and his gait was normal.
He obtained an IQ score of 77 on the WAIS. Parkinsonism
first developed at age 59 and primitive reflexes at age 63.
He died about 6 years after the onset. The final neurological
diagnosis was Pick’s disease.

Case 3 (BIBD)

This was a housewife who was 67 years at the time of
death. She presented initially with an obsession with col-
lecting things at the age of 56. Subsequently, memory dis-
turbance occurred. She neglected her housework and began
to eat only rice and pickled vegetables. At age 58, she was
inflexible, drinking too much, and had pica. She had no rel-
evant past medical or family history. Neurological exami-
nation at age 58 revealed memory disturbance, impairment
of calculation ability, disorientation, emotional unconcern,
verbal perseveration, and lack of insight. Blood, urine, and
cerebrospinal fluid examinations were within normal limits.
Thereafter, double incontinence, verbal stereotypy, echola-
lia, and reduction of spontaneous speech output were
found. She became bedridden at age 60. At age 65, involun-
tary movements like chorea of the head, four extremities,
and trunk occurred. This was a quick, small movement, and
she shook her head to the right or left side. In addition,
athetosis-like movements of the left arm developed. She
died of cardiac failure with a clinical course of 12 years.
Her neurological diagnosis was Pick’s disease.

Case 4 (BIBD)

This was a 47-year-old man at the time of death. His initial
symptom was self-centered behavior at the age of 40; sub-
sequently, disinhibition, irritability, and stereotypic behav-
iors also occurred. He had no relevant past medical or
family history. Neurological examination at age 42 dis-
closed indifference and lack of insight. The snout reflex was
positive. Memory disturbance, aphasia, and constructional
impairment were not found. A verbal fluency test revealed
poor generation of words (animals = 10, letters =4). He
scored 27/30 on the MMSE (cut off: 24/25) and 25/36 on
Raven’s Colored Progressive Matrices (cut-off: 24/25). On
the WAIS-Revised (WAIS-R), he obtained a verbal 1Q
score of 77, performance IQ score of 68, and full-scale IQ
score of 70. On the Wechsler Memory Scale-Revised
(WMS-R, mean =+ standard deviation in all subscales =
100 = 15), he obtained scores on verbal memory of 64,
visual memory of 57, general memory of 50, attention/
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concentration of 80, and delayed recall <50. Restlessness,
irritability, and social breakdown became increasingly
remarkable. Thereafter, bilateral forced grasping, rigidity in
the four extremities, retrocollis, reduction of utterance,
aspontaneity, and sexual disinhibition developed. He died
of pneumonia with a clinical course of about 7 years. His
neurological diagnosis was the frontal-predominant type of
Pick’s disease.

Case 5 (NIFID)

This was a 73-year-old woman at the time of death. She
presented initially with difficulty speaking clearly at the age
of 67 years. Thereafter, she was aware of writing incompre-
hensible sentences. She had no relevant past medical or
family history. Neurological examination at age 68 dis-
closed dysarthria, forced laughing, and effortful and monot-
onous speech output. Palatal reflex and pharyngeal reflex
were decreased. Muscle weakness, atrophy, fasciculation,
or pathological reflex was not found. Deep tendon reflex
was slightly increased in the four extremities. Upward gaze
was slightly restricted. Buccofacial apraxia was found.
Baseline blood, urine, and cerebrospinal fluid examinations
were unremarkable. An electromyogram was within normal
limits. Verbal 1Q and performance 1Q scores tested by the
WAIS-R were 100 and 87, respectively, and a full-scale 1Q
score was 94. She scored 161/165 on the Token test. She
showed poor results on the Wisconsin Card Sorting test,
presumably because of an inability to shift attention and
frontal dysfunction, attaining only one category with fre-
quent perseverative errors. On the Western Aphasia Battery
(WAB), she scored 8/10 for information content, 9.2/10 for
auditory word recognition, 4.2/10 for repetition, 8.6/10 for
object naming, 6/10 for word fluency, 9.8/10 for reading
aloud, and 10/10 for spontaneous writing. Abilities of nam-
ing, aural comprehension, and reading were preserved. On
the WMS-R, she scored 128 for verbal memory, 68 for
visual memory, 84 for general memory, 80 for attention/
concentration, and 74 for delayed memory. At age 69,
swallowing disturbance, repetitive motor actions, and gait
instability occurred, and her utterance was limited to
moans. Thereafter, vertical supranuclear gaze palsy, brady-
kinesia, rigidity, anterocollis, forced grasping, bilateral
Babinski signs, dressing apraxia, fasciculation of the
tongue, and myoclonus in the left arm developed. She died
of pneumonia with a clinical course of 5 years and
8 months. The neurological diagnosis was slowly progres-
sive aphasia.

Case 6 (NIFID)

A 29-year-old forwarding agent became aware of his disin-
hibited and self-centered behaviors. He started borrowing
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money, used illegal stimulants, and repeatedly caused
traffic accidents. Stereotypic behaviors also occurred. He
was admitted to a psychiatric hospital at age 33. He had no
relevant past medical or family history. Neurological exam-
ination revealed reduction of speech output, indifference,
repetitive behaviors, emotional incontinence, sucking
reflex, and urinary and fecal incontinence. Baseline blood,
urine, and cerebrospinal examinations were unremarkable.
Electromyography was within normal limits. Although he
was initially suspected to have schizophrenia, the diagnosis
was changed to early onset Pick’s disease. Thereafter,
forced grasping, sucking refiex, snout reflex, palmomental
reflex, Babinski reflex, pica, utilizing behavior, and hyper-
sexuality also developed. No muscle weakness, muscle
atrophy, or impairment of spatial function was found. Elec-
tromyography and nerve conduction velocity testing were
within normal limits. At age 36, flexion in all four extremi-
ties, swallowing difficulty, and bilateral ankle clonus devel-
oped. Rigidity and tremor were not observed during the
course. He died of pneumonia at age 37 about 8 years after
the onset.

Summary of clinical features of BIBD and NIFID

The clinical features in all BIBD and NIFID cases are
summarized in Table 1. The mean age at onset was
46.8 + 11.6 years in BIBD cases and 48.0 & 26.9 years in
NIFID cases. The mean disease duration was 7.8 & 2.8 years
in BIBD cases and 6.9 & 1.6 years in NIFID cases. BIBD
and NIFID cases shared several clinical features besides
frontal symptoms. The onset symptoms were frontal syn-
drome in three BIBD and one NIFID cases. Other onset
symptoms included muscle weakness (one BIBD case), dys-
arthria (one BIBD and one NIFID cases), and memory
impairment (one BIBD case). Dementia developed more
than 1 year after the onset in one BIBD and one NIFID cases,
but did not exhibit frontal syndrome at onset. Dysarthria,
dysphasia, upper and lower motor neuron signs, gait distur-
bance, parkinsonism, and parietal symptoms were noted in
both diseases during the course. Memory impairment and
- involuntary movements like alien-hand sign, athetosis, and
chorea were found only in BIBD cases in our series.

Radiological findings in BIBD and NIFID

The BIBD (case 4) and NIFID cases (cases 5 and 6) that
were examined radiologically consistently showed rapidly
progressive severe atrophy in the frontotemporal lobe and
caudate nucleus. A flattened caudate nucleus was observed
by 1-5 years after the onset (Figs. 1, 2). In both NIFID
cases, the frontal atrophy was accentuated in the convexity,

and the temporal base was relatively preserved in the early -

course. Positron emission tomography (PET) of a NIFID

case (case 5) disclosed left side-predominant hypometabo-
lism in the perisylvian region as well as frontal lobes, being
compatible with the findings of corticobasal degeneration
(CBD:; data not shown).

Neuronal loss in BIBD and NIFID

The distribution of cerebral atrophy in BIBD and NIFID
cases is shown in Table 2. The distribution of frontotem-
poral atrophy in our BIBD cases varied from case to case
(Fig. 3a, b). However, in the NIFID cases, the frontal con-
vexity was prominently affected, and the temporal base
was relatively preserved (Fig. 3d, e, f). Atrophy of the
frontal convexity was accentuated in the posterior portion
rather than the anterior portion in one NIFID case (case 5;
Fig. 3d). Evident atrophy in the precentral gyrus was
found in two BIBD (cases 3 and 4) and both NIFID cases
(Fig. 3a, b, d, e). All BIBD and NIFID cases showed
severe caudate atrophy with a concavity of the ventricular
surface (Fig. 3c, ).

Microscopically, BIBD and NIFID cases had similar
topographical distributions and severities of neuronal loss
(Table 2). Severe neuronal loss in the frontal and/or tem-
poral cortex was frequently found in both diseases, and
subcortical gliosis with loss of the myelin in the frontal
lobes was evident in all BIBD and NIFID cases. No ische-
mic change was noted in the white matter in the fronto-
temporal lobe in any BIBD and NIFID case. Astrocytosis
in the primary motor cortex was found in one NIFID and
all BIBD cases, and severe neuronal loss was encountered
in one BIBD case and one NIFID case. The corticospinal
tract was degenerated in three BIBD and both NIFID
cases (Fig. 4a, c). Various degrees of frontopontine tract
degeneration were also noted in all BIBD and NIFID
cases in which the cerebral peduncle was examined
(Fig. 4e, f). Neurons in the hypoglossal nuclei were
spared in number in all BIBD and one NIFID cases,
although astrocyte proliferation in this site was frequently
noted in both diseases. In two cases, one BIBD and one
NIFID, which clinically exhibited lower motor neuron
signs and for which spinal cord tissues were available,
evident gliosis was found in the anterior horns; however,
the anterior horn cells in these cases were spared in num-
ber (Fig. 4b, d). In the basal ganglia in both diseases, the
caudate nucleus was consistently affected by severe neu-
ronal loss (Fig. 5a). Severe degeneration was frequently
found in the putamen also (Fig. 5b). Further, some of the
BIBD and NIFID cases showed severe degeneration in the
thalamus and globus pallidus. In both BIBD and NIFID,
the neurons in the nucleus basalis of Meynert were rela-
tively spared in number despite the presence of evident
glial proliferation. The substantia nigra was affected by
severe neuronal loss in all of our subjects, except for one
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Table 1 Clinical features of BIBD and NIFID

BIBD NIFID
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Sex Male Male Female Male Female Male
Age at onset (years) 34 57 56 40 67 29
Duration (years) 6.3 6 12 7 5.7 8
Initial symptoms Weakness in Obsessive Behavioral change Disinhibition ~ Dysarthria Disinhibition
the left hand, behaviors memory
dysarthria impairment,
altered eating habits
Prominent features Motor neuron Dementia Dementia Dementia Dysarthria, Dementia
disease aphasia
Clinical diagnosis ALS with Pick’s disease  Pick’s disease Pick’s disease  Slowly Early-onset
dementia progressive Pick’s disease
aphasia
Oculomotor abnormalities +
Dysarthria + +
Dysphasia + + +
Primitive reflex® +
Gait disturbance + + + +
Upper motor neuron signs + +
Lower motor neuron signs + +
Parkinsonism + + + +
Disinhibition + +
Apathy, indifference + + + + + +
Economy of effort? + + +
Reduction of utterance + + + +
Stereotypy + + + + +
Oral tendency + +
Hypersexuality + +
Altered dietary habits + +
Apraxia and + + +
other parietal signs
Buccofacial apraxia +
Memory impairment + +
Face recognition impairment + +
Involuntary movements® + +

Cerebellar signs

2 Palmomental reflex, grasp reflex, sucking reflex, and/or snout reflex
b Denkfaulheit
¢ Alien-hand sign (case 1), athetosis (case 3), or chorea (case 3)

BIBD case in which the degeneration was moderate
(Fig. 5¢). Moderate to severe neuronal loss in the insular
and cingulate cortices, amygdala, ambient gyrus, subicu-
lum, and parahippocampal gyrus was consistently found
in both diseases. The hippocampal pyramidal neurons
were strikingly reduced in number in three BIBD cases for
which tissue was available, and one NIFID case also
(Fig. 6a, b). Furthermore, marked reduction of the hippo-
campal granular cells was encountered in two of the three
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BIBD cases for which tissue was available, and in one
NIFID case (Fig. 6a, b).

Inclusion bodies in BIBD and NIFID

All BIBD and NIFID cases had a varying number of round
or oval intraneuronal cytoplasmic inclusions (Fig. 7a, b, c).
The two diseases could not be distinguished by the morpho-
logical features of the inclusions as revealed by conven-
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Fig. 1 Serial structural radiographic images of BIBD (case 4). Mild,
but not negligible, atrophy in the frontal and temporal lobes and cau-
date nucleus is seen 2 years after the onset (a, b). The cortical atrophy
is prominent in the frontal convexity and left superior temporal gyrus,
and the temporal base is well spared at this time (b). Fluid attenuated
inversion recovery (FLAIR) images 4 years after onset show severe
atrophy in the basal ganglia including the caudate nucleus, frontal con-
vexity, and temporal lobes (c, d)

tional stains; however, intraneuronal cytoplasmic inclusions
having distinct eosinophilic cores were noted only in one
NIFID case (case 5, Fig. 7d).

In both NIFID cases, neurofilament-positive inclusions
and o-internexin-positive inclusions were encountered in
the affected cortex (Fig. 7e). Accumulations of neurofila-
ments as well as of a-internexin were seen in the hippo-

Fig. 2 Serial structural images of NIFID (cases 5 and 6). Coronal T1 im-
ages 16 months after the onset in case 5 clearly show the atrophy in the
caudate nucleus (a). Five years after the onset, the severity of the frontal
convexity in case 5 was more prominent in the posterior than in the ante-
rior portion, and the temporal base appears to be spared (b). Serial CT im-
ages of NIFID in case 6 show mild atrophy in the frontal lobes and caudate
nucleus 4 years after onset (c). The caudate nucleus is already flattened
5 years after onset, but the temporal lobes are relatively spared (d)

campal pyramidal neurons. These accumulations usually
had a round or cap-like appearance. In contrast to these
aggregates, the spherical inclusions with distinct eosino-
philic cores observed in one NIFID case (case 5) were
o-internexin-negative and neurofilament-negative (Fig. 7f,
g, 1, j). Inclusions with cores were frequently encountered
in the CA3-4 of the hippocampus and pontine nucleus.
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Table 2 Distribution of
pathological changes in BIBD
and NIFID

F frontal, Ftip Frontal tip, Fbase
frontal base, Fconv frontal
convexity, Ttip temporal tip,
Tbase temporal base. The
severity of degeneration in the
cerebral cortex, basal ganglia,
and brainstem nuclei: -, no
histopathological alteration; £,
no neuronal loss but gliosis; +,
slight neuronal loss and gliosis;
++, moderate neuronal loss and
gliosis; +++, severe neuronal
loss and gliosis. Degeneration in
the pyramidal tract and that in
the frontopontine tract: +,
present; —, absent. See details in
the text. na not available

* Moderate astrocytosis was
found in the deep cortical layer
and adjacent white matter

® Degeneration was more
evident in the frontopontine tract
than in the corticospinal tract at
the level of the cerebral peduncle
¢ Degeneration was more
evident in the corticospinal tract
than in the frontopontine tract at
the level of the cerebral peduncle

Because the inclusions with cores were hematoxylin-posi-
tive, they were readily distinguished from a-internexin and
neurofilament aggregates even in the single immunohisto-
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BIBD NIFID
Case 1 Case2 Case 3 Case 4 Case5 Case6
Brain weight (g) 1,230 1,140 880 940 940 940
Cerebral atrophy Ttip Ftip, Fbase, Ftip, Fbase, F, Tbase  Fconv  Fconv,
Tbase Tbase Ttip
Neuronal loss and astrocytosis
Superior frontal gyrus +++ ++ ++ +++ +++ ++
Medial frontal gyrus +++ + ++ +++ ++
Inferior frontal gyrus +++ Es ++ +++ E
Orbital gyrus +++ +++ +++ + ++
Primary motor cortex +++ + +2 A —a
Superior temporal gyrus +++ + ++ +++ + ++
Medial temporal gyrus +++ ++ 4+ +++ ++ +
Inferior temporal gyrus +++ +++ ot +++ ++ -
Parietal cortex + na na + ++ -
Insular cortex +++ ++ +++ ++it +++ ++
Cingulate gyrus +++ +++ +++ +++ ++ ++
Amygdala b +++ na +++ +++ ++
Ambient gyrus +++ ++ +++ +++ +++ ++
CA1 of hippocampus +4+4+ +++ +++ na +4++ -
Hippocampal dentate gyrus =~ +++ ++ +++ na ++ -
Subiculum +++ +++ +++ na +++ +++
Entorhinal cortex +++ o na na ++ e
Parahippocampal gyrus +++ ++ +++ +++ ++ ++
Caudate nucleus +H+ +++ +++ +++ +++ +++
Putamen +++ ++ +++ +++ +++ +4++
Globus pallidus ++ ++ ++ ++ +++ ++
Thalamus + ++ + +++ +++ +
Subthalamic nucleus £ + na + na -
Nucleus basalis of Meynert — + + e + + +
Dentate nucleus of + = + + + -
Cerebellum
Trochlear nucleus na + na += = +
Oculomotor nucleus na na na na - +
Substantia nigra +++ ot +++ e +++ +++
Red nucleus = na + na + +
Locus ceruleus ++ + + ++ + +
Pontine nucleus & + + + + +
Dorsal vagal nucleus + na + + + e
Hypoglossal nucleus + + + + + +
Inferior olivary nucleus + = + + ++ +
Frontopontine tract na +° +0 +b 5 +
Corticospinal tract
Cerebral peduncle na - + + x +
Medulla oblongata + — +
Anterior horn o na na na + na

chemistry. Some of the inclusions with cores were sur-

rounded by various amounts of a-internexin and neurofilament

aggregates, ranging from a small accumulation (Fig. 7g) to
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Fig. 3 Macroscopic findings in
BIBD and NIFID. a, b Marked
atrophy of the frontal and
temporal lobes in BIBD (case 3).
The bilateral precentral gyri are
atrophic (arrows). ¢ Severe
atrophy in the basal ganglia as
well as the right temporal lobe in
BIBD (case 2). Severe dilation
of the lateral ventricles with
concavities of the ventricular
surface is seen. d Severe atrophy
in the frontal convexity in NIFID
(case 5). The most severely
affected region appears to be the
precentral gyrus (arrow). The
temporal cortices appear to be
spared. e Severe atrophy in the
frontal cortices including the
precentral gyrus (arrows) in
NIFID (case 6). f Although
caudate atrophy is prominent,
the frontotemporal cortices
appear to be relatively spared in
NIFID (case 6). All scale

bars =2 cm

a dense and diffuse cytoplasmic pattern (Fig. 7h). In a few
of the inclusions with cores that were surrounded by dense
aggregates of o-internexin or neurofilament, weak to
intense immunoreactivity of o-internexin or neurofilament,
respectively, was noted. The inclusions with cores usually
contained the epitope of p62 (Fig. 7k). Some of the
inclusions with cores also showed weak ubiquitin immuno-
reactivity. In both NIFID cases, there were no lesions
immunostained by anti-C-terminal-specific p62, TDP-43,
or polyglutamine antibody. Double immunohistochemistry
demonstrated that p62-positive spherical inclusions with
cores frequently coexisted with a-internexin-positive inclu-
sions in the cytoplasm of the hippocampal pyramidal neu-
rons (Fig. 71, m, n, o, p, q). The cores of the inclusions
showed absent or only weak p62 immunoreactivity
(Fig. 71, m, n, o, p). a-Internexin aggregates often showed
spicules or a tangle-like appearance (Fig. 7p, q). Both p62
and o-internexin aggregates were also found in the cyto-
plasm of the dentate granular cells, which were often inter-
mingled (Fig. 7r). Although no inclusions with cores were
seen in the other NIFID case, a small number of p62-
positive inclusions were found in the hippocampus and
pontine nucleus. No intranuclear inclusions immunopositive

for neurofilament, a-internexin, or p62 were found in our
NIFID cases.

In the BIBD cases, no immunoreactivity of tau, a-synuc-
lein, ubiquitin, neurofilament, a-internexin, TDP-43, poly-
glutamine, or p62-C was seen in inclusions. However,
some inclusions in the pontine nucleus in cases 1, 2, and 4
were labeled with anti-N-terminus of p62 antibody
(Fig. 7s).

The distribution of basophilic inclusion bodies in BIBD
cases was consistent with that reported previously [24]: the
inclusions were most frequently found in the basal ganglia
and brainstem nuclei. The inclusions were also found in the
motor neurons in the hypoglossal nuclei in three BIBD
cases (cases 1, 3, and 4) and in the spinal anterior horn cells
in one BIBD case (case 1), who presented clinically with
lower motor neuron signs. Although scant, the inclusions
were noted in the hippocampus, subiculum, parahippocam-
pal gyrus, amygdala, and cerebellar dentate nucleus. In
NIFID cases, o-internexin-positive inclusions were fre-
quently observed in the frontotemporal cortex, hippocam-
pal pyramidal neurons, and dentate granular cells. Many
inclusions were also encountered in the pontine nucleus
(cases 5 and 6) and inferior olivary nucleus (case 5), and to
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Fig. 4 Motor system involvement in BIBD and NIFID. a The cervical
cord in BIBD (case 1). Evident loss of myelin in the corticospinal tract
is seen. b The cervical cord in BIBD (case 1). Severe gliosis in the ante-
rior horn is noted, although the anterior horn cells appear to be spared
in number. ¢ The cervical cord in NIFID (case 5). Severe loss of myelin
in the corticospinal tract is observed. d The lumbar cord in NIFID (case
5). Evident gliosis in the anterior horn is seen, but neurons are spared.
e, f Evident loss of myelin with gliosis in the corticospinal tract in the
cerebral peduncle (arrows) in an NIFID case (case 5). The corticobul-
bar fibers appear to be involved also, but the degeneration in the fronto-
pontine tract is relatively mild in this case (asterisks). a, ¢, e KB stain;
b, d, f Holzer stain. Scale bars = (a, ¢, e, f) 1 mm, (b, d) 100 pm

a lesser frequency, in the dentate nucleus in the cerebellum
(case 5).

None of the cases showed neurofibrillary changes, argyr-
ophilic grains, senile plaques, Lewy bodies, or Pick bodies
on silver-stained or immunostained sections. No immuno-
reactivity of TDP-43 was noted in the spinal cord, hypo-
glossal nuclei, hippocampus, or frontotemporal cortices in
BIBD and NIFID cases.

Discussion

Among six cases previously diagnosed as having basophilic
inclusions using conventional stains, the diagnosis of two

@ Springer

Fig. 5 The basal ganglia and substantia nigra in BIBD and NIFID.
a Marked neuronal loss and astrocytosis with tissue rarefaction in the
caudate nucleus in a BIBD case (case 2). b Severe neuronal loss with
astrocytosis in the putamen in a BIBD case (case 3). ¢ Severe neruonal
loss and astrocytosis in the substantia nigra in a NIFID case (case 6).
Free melanin was also scattered. a, b, ¢ H&E stain. All scale
bars = 100 pm

cases (33%) was changed to NIFID. The clinical features of
our NIFID cases were consistent with those reported previ-
ously. NIFID cases and BIBD cases shared several clinical
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Fig. 6 Severe degeneration of the hippocampus in BIBD and NIFID.
a BIBD (case 2). Arrows indicate severe loss of pyramidal neurons
from the CA1 to the subiculum. In addition, the dentate granular cells
have almost completely disappeared (arrowheads). b NIFID (case 5).
The pyramidal neurons from the subiculum to CA4 have almost com-
pletely disappeared. The dentate granular cells are evidently reduced in
number (arrowheads). a, b H&E stain. Scale bars = (a, b) 1 mm

features besides frontal symptoms, including dysarthria,
motor neuron signs, parkinsonism, memory impairment,
and parietal symptoms. Given these findings, it seemed to
be difficult to clinically differentiate NIFID from BIBD.
The distribution and severity of neuronal loss in BIBD
cases also resembled those in NIFID cases: severe degener-
ation was frequently found in the caudate nucleus, puta-
men, substantia nigra, and pyramidal tract, as well as the
frontotemporal cortex. Severe neuronal loss in the hippo-
campal pyramidal neurons was noted in all three BIBD
cases for which the tissues were available and one NIFID
case. Further, all of these cases had moderate to severe loss
of the granular cells in the hippocampal dentate gyrus. The
distribution corresponded to the clinical manifestations of
both diseases.

In our BIBD and NIFID cases, the precentral gyrus and
pyramidal tract were frequently affected, while the lower

motor neurons tended to be spared in number. In previous
BIBD cases, especially in MND cases with basophilic
inclusions, clinical and pathological evidence of both upper
and lower motor neuron involvement was often described.
In previous NIFID cases also, the pyramidal tract degenera-
tion was frequently noted, while the lower motor neuron
degeneration in NIFID was frequently minimal [7, 17].
Although it is unusual, some of our BIBD and NIFID cases
presented clinically with lower motor neuron signs, but did
not have significant neuronal loss in the spinal anterior horn
cells. The development of lower motor neuron signs in
these cases may be explained by the formation of neuronal
inclusions with evident astrocytosis in the corresponding
sites. Although weakness was noted in some of the previ-
ous NIFID cases [7, 17], as far as we know, other lower
motor neuron signs including fasciculation and muscle
atrophy are rare in NIFID [4, 17, 21, 31]. These clinical
findings also appear to support the view that the motor sys-
tem involvement in NIFID tends to be restricted to the pre-
central gyrus and pyramidal tract. Further pathological
findings need to be accumulated to clarify the histopatholo-
gical profiles of motor system involvement in BIBD and
NIFID.

TDP-43 accumulation is observed in several diseases
with motor system involvement, including amyotrophic
lateral sclerosis (ALS), FTLD with ubiquitin pathology
(FTLD-U) [3, 29], Guamanian parkinsonism—dementia
complex (PDC) [12], and Guamanian ALS [10], and to a
lesser degree, in some diseases without motor neuron
degeneration [2, 26]. In our BIBD and NIFID cases, TDP-
43 immunoreactivity was not found in any inclusions,
motor neurons, the hippocampal dentate gyrus, or the fron-
totemporal cortex, which are the preferred sites of TDP-43
accumulation in ALS and FTLD-U. In the consensus crite-
ria recently reported by the Consortium for FTLD also [8],
it was accepted that BIBD cases usually lack TDP-43 accu-
mulation, although some of the neurons bearing basophilic
inclusions in BIBD cases can show fine granular perikaryal
immunoreactivity of TDP-43. Our results also support the
view that TDP-43 is not a major pathogenic protein in
BIBD and NIFID.

It is noteworthy that the cerebral atrophy in the NIFID
cases was accentuated in the frontal convexity rather than
the temporal base. Further, in one NIFID case, the frontal
atrophy was more prominent in the posterior portion and
extended to the parietal region. These findings are in
accordance with the previous view that the parietal cortex
in NIFID is often affected [7, 17], and that NIFID cases
can exhibit CBD-like symptoms including apraxia [16,
17]. On the other hand, alien-hand sign and apraxia were
also observed in our BIBD cases, suggesting that BIBD as
well as NIFID should be included in the differential diag-
nosis of a patient presenting with CBD-like symptoms.
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Fig. 7 Intraneuronal inclusions in BIBD (a, b, s) and NIFID (c, d, e,
f,g h,i,j,k 1,m,n,o,p,q, r). aAninclusion in the pontine nucleus
in BIBD. b An inclusion in the nucleus basalis of Meynert in BIBD.
¢ An inclusion without an eosinophilic core in the pontine nucleus in NI-
FID. d An inclusion with a distinct eosinophilic core (so-called cherry
spot) in the CA4 in NIFID. e An o-internexin-positive inclusion in the
frontal cortex in NIFID. f An o-internexin-positive inclusion in a hip-
pocampal pyramidal neuron in NIFID (long arrow). The neuron also
has an o-internexin-negative inclusion with a distinct core, which
appears to correspond to the so-called cherry spot (short arrow). An
arrowhead indicates a nucleus. g o-Internexin-negative inclusions with
cores in NIFID (short arrow) were often accompanied by various
amounts of a-internexin accumulation (long arrow). An arrowhead
indicates a nucleus. The CA4. h Inclusions with cores in NIFID (long
arrow) were often surrounded by a dense and diffuse cytoplasmic accu-
mulation of a-internexin (short arrow). The pontine nucleus. i, j Most
of the inclusions with cores in NIFID (long arrows) were hardly
recognized by anti-neurofilament antibodies. Short arrows indicate
neurofilament aggregates that contact the inclusions with cores.
Arrowheads indicate nuclei. The CA4. k Inclusions with cores in NI-
FID usually show intense p62immunoreactivity. The CA4. 1, m, n, o
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Inclusions with cores in NIFID were p62-positive, but the cores them-
selves were p62-negative (black, short arrows). a-Internexin aggre-
gates frequently coexisted with the p62-positive inclusions with cores
in the same neuron (brown, long arrows). The hippocampal CA4.
p Two spicule-shaped neurofilament-positive inclusions (brown, long
arrow) and a p62-positive spherical inclusion (black, short arrow)in a
hippocampal neuron in NIFID. The core of the latter inclusion is p62-
negative. q An o-internexin-positive inclusion showing a spicule-like
appearance in NIFID (brown, long arrow). A p62-positive round inclu-
sion with a hollow appearance is also present in the same neuron
(black, short arrow). The CA3. r («-Internexin (brown) and p62
(black) aggregates in the hippocampal dentate gyrus in NIFID. They
were often intermingled. s Some inclusions in the pontine nucleus in
BIBD cases are p62-positive. a, ¢, d H&E stain; b Kliiver-Barrera
stain; e, f, g, h (z-internexin immunohistochemistry. i SMI31 immuno-
histochemistry; j SMI32 immunohistochemistry; k, s p62-N immuno-
histochemistry; 1, m, n, o, p, q, r double immunohistochemistry using
anti-o-internexin antibody (brown) and anti-N-terminal specific p62
antibody (black). a Case 3; ecase 6; ¢, d, f, g, h,i,j,k,1,m,n,0,p, q,
r case 5; b, s case 2. Scale bar = (a, b, ¢,d) 10 um, (e, f, g, h, i,j, k, 1,
m, n,o0,p,q,r,s) S um
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The degeneration of the basal ganglia in the BIBD and
NIFID cases, which did not differ between the two dis-
eases, was more severe and extensive than that in CBD. In
our previous semiquantitative study, the globus pallidus
and substantia nigra in CBD cases usually showed severe
degeneration with fibrous gliosis, but unlike BIBD and
NIFID, the putamen and caudate nucleus did not [38]. The
development of involuntary movements observed in our
BIBD cases might be associated with the severe alteration
in the striatum.

All of our BIBD cases for which the tissue was available
had severe neuronal loss with gliosis in the hippocampus,
although this site was originally reported to be spared in
BIBD [24]. Further, all these cases also showed evident
loss of dentate granular cells with severe astrocytosis. Loss
of neurons in the hippocampus including the dentate gyrus
was also observed in one NIFID case. As far as we know,
although a varying degree of neuronal loss in the hippo-
campal pyramidal neurons in NIFID has been described, a
reduction in the number of dentate granular cells has not
been noted in any previous NIFID case [4, 7, 16, 21, 27].
Whether the severity of the hippocampal lesion differs in
NIFID and BIBD remains to be elucidated.

The NIFID cases examined in this study had two types
of intraneuronal cytoplasmic inclusions that were differenti-
ated immunohistochemically: (1) neurofilament- and o-
internexin-positive round, cap-like, or spicule-shaped
inclusions lacking cores and (2) p62-positive but neurofila-
ment- or o-internexin-negative spherical inclusions bearing
distinct eosinophilic cores. The morphological features
of the latter inclusions were quite similar to those of the
“compound intraneuronal inclusion bodies” described by
Schochet and Earle in 1970 [35]. At least three cases with
compound intraneuronal inclusion bodies have been
reported, and interestingly, they were young-onset demen-
tia or MND, and often showed remarkable frontotemporal
and caudate atrophy and pyramidal tract degeneration [11,
33, 35]. More recently, Josephs et al. [16] called the eosino-
philic core a “cherry spot”. Several previous studies dem-
onstrated the morphological and immunohistochemical
heterogeneity of inclusions in NIFID. Bigio et al. [4] noted
three different morphologic types of intracytoplasmic inclu-
sions in a NIFID case: Pick-like bodies, pleomorphic inclu-
sions, and hyaline conglomerate-like inclusions. They
noted that a small number of Pick-like bodies were faintly
neurofilament-positive, but the latter two inclusions showed
intense neurofilament immunoreactivity. Mackenzie and
Feldman [21] described two types of inclusions in an
NIFID case: Pick body-like inclusions and hyaline con-
glomerate inclusions. They described Pick body-like inclu-
sions as round or oval, consistently ubiquitin-positive,
rarely neurofilament-positive, and often surrounded by
diffuse cytoplasmic immunoreactivity of the neurofilament.

They also noted that the center of some hyaline conglomer-
ate inclusions had small, round or elongated eosinophilic
masses, but the inclusions appeared to be irregular, some-
times multilobulated, and neurofilament-positive. Thus, the
characteristics of the inclusions were not in accordance
with those of the inclusions with eosinophilic cores that we
observed. Uchikado et al. [40] also noted the presence of
o-internexin-negative inclusions in NIFID. Like our results,
they observed p62-positive and a-internexin-positive inclu-
sions within the same neuron. However, they noted that
round, p62-positive inclusions often occupied a central core
of larger a-internexin inclusions, being inconsistent with
our results that inclusions with eosinophilic cores were
a-internexin-negative. Uchikado et al. further demonstrated
electron microscopically that inclusions in NIFID contain
two types of components. Based on the presence of neuro-
filament-negative inclusions, Mackenzie and Feldman [21]
speculated that whether NIFID is a single disease entity
remains to be elucidated. Indeed, our results led us to spec-
ulate that an unknown protein besides neurofilament and
o-internexin may play a pivotal pathogenic role at least in
some NIFID cases, and possibly, neurofilaments and
a-internexin accumulate secondarily in NIFID cases having
inclusions with eosinophilic cores. To understand the histo-
pathological heterogeneity in NIFID, further immunohisto-
chemical and biochemical findings need to be accumulated.
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A simultaneous evaluation of presynaptic and postsynaptic
dopaminergic positron emission tomography markers, the
dopamine transporters and the dopamine D,-like receptors, was
performed in eight patients with parkinsonian phenotype of
muitiple system atrophy. Both presynaptic and postsynaptic
markers were revealed to have declined in such a manner that
they kept strong positive correlation throughout the striatum of
all patients, suggesting that the degeneration process in the
striatum may involve the entire structure of the dopaminergic

emission tomography

Keywords: dopamine receptor, dopamine transporter, L-3,4,dihydroxyphenyl-alanine responsiveness, multiple system atrophy, Parkinson, positron

synapse. In two L-3,4,dihydroxyphenyl-alanine-responsive cases,
the balance of decline in two markers was relatively shifted to
presynaptic dominant side. Correlative positron emission
tomography study of presynaptic and postsynaptic dopaminergic
function may be useful for the diagnosis of multiple system
atrophy and to understand the mechanisms of its temporal L-
3.4,dihydroxyphenyl-alanine responsiveness. NeuroReport 00:000-
000 © 2008 Wolters Kluwer Health | Lippincott Williams &
Wilkins.

Introduction

In patients with the parkinsonian phenotype of multiple
system atrophy (MSA-F), a pathological abnormality is
observed mainly in the substantia nigra (SN), striatum,
ceruleus nucleus, pontine nuclei, inferior olivary nucleus,
cerebellum, and spinal cord. The impairment is particularly
severe in the SN and striatum [1], and neuronal loss and
gliosis are the features of the pathology [2]. Neuroimaging
studies using positron emission tomography (PET) [3] and
single photon emission computed tomography techniques
[4] have reported reduced glucose metabolism in the
striatum and declined nigrostriatal dopaminergic neural
transmission function in both the presynaptic and post-
synaptic sites. No pathological or neurocimaging studies,
however, have examined the relationship between the
degeneration/dysfunction of nigrostriatal presynaptic and
postsynaptic dopaminergic systems. It is well known that
responses to L-3,4,dihydroxyphenyl-alanine (L-DOPA} are
generally poor in MSA [1], and this is ascribable to the fact
that the pathology of MSA involves not only SN but also the
striatum where the dopamine receptors exist. A transient
effect, however, is occasionally noted in the early stages in
certain cases. Wenning et al. [5] proposed a hypothesis based
on the pathological finding of a dissociation between the SN
and striatal degeneration that may account for such L-DOPA
responsiveness. No pathological or neuroimaging evidence

that directly demonstrated the dissociation in such cases,
however, has been found.

We simultaneously measured the presynaptic and post-
synaptic nigrostriatal dopaminergic functions using PET in
MSA-P patients, including L-DOPA-responsive cases, and
the regional correlation of two parameters was analyzed in
the striatum to examine the characteristics of the disease
and the mechanisms of L-DOPA responsiveness.

Methods

This study was approved by the Ethical Committee of Tokyo
Metropolitan Institute of Gerontology. The objective and
effect of the PET examination on the human body were
adequately explained to all participants, and written
informed consent was obtained.

Participants

We studied eight patients (68.9+7.4 years old) clinically
diagnosed as MSA-P according to the consensus criteria
established by Gilman et al. [6] (Table 1). The MSA-P
patients underwent PET examination following a 15-h
deprivation of antiparkinsonian drugs. The primary symp-
tom observed in all the patients was parkinsonism; further,
during the course of the disease, parkinsonism was noted to
be the cardinal symptom. Magnetic resonance imaging

0959-4965 © Wolters Kluwer Health | Lippincott Williams & Wilkins

Vol 00 NoOO m m 2008 |



NEUROREPORT HASHIMOTO ETAL.
Table | Clinical features of the eight patients with the parkinsonian phenotype of multiple system atrophy

Patient no.fage Hoehn and Yahr Disease duration Autonomic Cerebellar L-DOPA
(years)/sex stage (years) dysfunction dysfunction Pyramidat sign MRI findings response
1/79{Female 1] I + + + Put +
2/73(Female ] I + + + Put +
3/66/Female 1 2 + + + No findings -
4/6[Female v 2 + + + cblifput -
5/72/Male v 3 + - + Put -
6/56/Male v 4 + + + Pons/cbll/put -
7/73/Female m 3 + + + Pons/cbllfput -
8/71/Female \ 9 + - + Put -

Signal change in the pons/middle cerebellar peduncles includes pontine/cerebellar atrophy (pons/cbll); Slit-like signat change at the posterolaeral putaminal

margin includes putaminal atrophy (put)L-DOPA, L-3,4,dihydroxyphenyl-alanine.

(MRI) examination was also performed. The characteristics

- of the patients are presented in Table 1. Among the eight
cases of MSA-P, cases 1 and 2 apparently responded to L-
DOPA at the time of the PET study, and the improvement in
the symptoms of parkinsonism due to L-DOPA was
confirmed by neurologists.

The healthy control group consisted of eight participants
(five men and three women, 62.3 6.9 years old) that did not
have a past medical history of neurological and psychiatric
disorders. They were diagnosed as normal after physical
and neurological examinations, screening MRI scans, and
Mini-Mental Scale Evaluation (>>28). They had not taken
any neuroleptic drugs and were not addicted to alcohol; no
history of any other substance abuse was present.

Positron emission tomography scans

"C-labeled  2B-carbomethoxy-3p-(4-fluorophenyl)-tropane
(("CICFT) as a marker of presynaptic dopaminergic func-
tion for dopamine transporters and '"C-labeled raclopride
("CJRAC) as a marker of postsynaptic dopaminergic
function for dopamine Djlike receptors were used as
tracers for PET [7,8]. The methods used for the preparation
of the radiopharmaceuticals were as described previously
[9,10].

All the participants underwent the two PET studies on the
same day with a 34-h interval. PET images were acquired
in three-dimensional mode using the SET-2400W (Shimad-
zu, Kyoto, Japan) scanner [11] at the Positron Medical
Center, Tokyo Metropolitan Institute of Gerontology. The
acquired PET images were 128 x 128 x 50 in matrix size with
a 2x2x3.125-mm voxel size. In PET acquisition, 300 MBq
each of ["CICFT and ["'CIRAC were administered by an
intravenous bolus injection, and all participants rested in a
supine position with their eyes open during the test. The
specific activity and the amount of cold material injected
were 54-47MBq/nM and 12-8.6nM, respectively, for
["CICFT and 10-130MBq/nM and 0.42-3.1nM, respec-
tively, for ['"CIRAC. For three of the eight healthy control
participants, a dynamic scan was performed for 90 min for
the ["'CICFT study in the morning and for 60min for the
["'CIRAC study in the afternoon to estimate the binding
potentials. To measure the uptakes of these two tracers, for
the five healthy participants and all the patients, a static
scan was performed 75-90min after the injection of the
["'CICFT and 40-55min after the injection of ["'CIRAC,
respectively. The attenuation was corrected by a transmis-
sion scan using a %®Ga/*Ge source.

Data analysis

The two PET images of the ['CICFT and ["'CJRAC
examinations obtained from the same participant were
coregistered using an automated image registration pro-
gram [12]. The images were processed further using Dr
View software (A]S, Tokyo, Japan) on Linux workstations.
Next, the images were resliced in the transaxial direction
parallel to the anterior-posterior intercommissural (AC-PC)
line, and the regions of interest (ROIs) were placed on the
three subregions of the striatum - the bilateral caudate
nuclei, anterior putamen, and posterior putamen - in two
slices, that is, the AC-PC plane and 3.1 mm above the AC-PC
line. ROIs of the striatum consisted of circles of 8-mm
diameter. On each side of each slice, we set one ROI in the
caudate and two ROIs each in the anterior and posterior
putamen. The reference regions of the occipital lobe were
placed in four slices in a range of 12.5-21.9mm above the
AC-PC plane. The reference region of the occipital lobe
consisted of circles of 10-mm diameter, and we set four such
circles on each side of each slice.

First, for dynamic scan data, the binding potential of the
tracer in the bilateral caudate nuclei, anterior putamen, and
posterior putamen of three healthy participants was
estimated by a simplified reference region model [13] using
the occipital lobe as a reference. Second, for static imaging,
the uptake ratio index (URI) was calculated for all
participants by the following formula:

URI = (ACﬁVitYStriammsubregion
— ACtiVity ocpitatiobe)/ ACHVIY occipitaliobe)

URI was also calculated for the dynamic scan in the three
healthy control participants using the data obtained from an
equivalent time-frame. The URI in each ROI was compared
between MSA-P patients and control participants with the
Mann-Whitney U-test with Bonferroni's correction for
multiple comparisons.

Next, we examined the correlation between the binding
potential and the URI.

Results

For each tracer, the URIs of the striatal subregions in the
static image were linearly correlated with the binding
potentials in the dynamic scan (=092, P<0.0001 for
["CICFT and *=0.93, P<0.0001 for [""CIRAC). Therefore,
we adopt the URI in reference to the occipital cortex for the
further analysis.
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Fig. | Positron emission tomography images. (a) ['C]CFTand (b) ['CJRAC images were obtained from a normal participant, and (c) ['C]CFTand (d)
["CJRAC images were obtained from an MSA-P patient. All the images were normalized to the occipital lobe activity and obtained in a + 3.I-mm plane
from the anterior—posterior intercommissural line. ['C]CFT, ""C-labeled 2B-carbomethoxy-3B-(4-fluorophenyl)-tropane; ['CIRAC, "C-labeled raclo-

pride; MSA-P, phenotype of multiple system atrophy.

Table 2 The uptake ratio index of ["C]JCFTand ["CJRAC in the subre-
gions of the striatum

Normal MSA-P patients Percentage of
participants (1=8) (n=8) control

Caudate

['cicFT 3.70+0.55 2.49+041* 673

['CIRAC 3.46+040 2.63+031* 76.0
Anterior putamen

['cicFT 4044045 197 +0.45* 488

['CIRAC 397403l 246+ 046* 62.0
Posterior putamen

['cIcFT 3.82+047 .58+ 0.42* 414

["CIRAC 390+0.32 2.07 +0.67* 53.1

*P <0.05 as compared with normal controls (Mann—Whitney U-test with
Bonferroni’s multiple comparison correction).

[”C]CFT, IC-labeled  2B-carbomethoxy-3B-(4-fluorophenyl)-tropane;
["CIRAC, "C-labeled raclopride; MSA-P, phenotype of multiple system
atrophy.

Figure 1 demonstrates the representative PET images of a
normal participant and an MSA-P patient. In the MSA-P
patient, the URIs of both [''CICFT and ["'CJRAC declined in
the striatum compared with the normal participant (Fig. 1).

The results of ROI measurement are summarized in
Table 2. In the MSA-P group, the URIs of both [''CICFT and
[M"CIRAC significantly decreased in all the subdivisions of
the striatum (P <0.05) in comparison with the control group,
and the decrease was most prominent in the posterior
putamen and relatively smaller in the caudate nuclei.

Scatter plots of the entire uptake data in individual
participants for each of the three regions are shown in

Fig. 2a—c and those for all areas are shown in Fig. 2d. A
strong positive correlation was noted between the URIs of
[MCICFT and ["'C]RAC in the MSA-P group. That is, the
impairment of presynaptic and postsynaptic nigrostriatal
dopaminergic function was observed in associative degree
in all the subregions of the striatum.

Two patients apparently responded to the L-DOPA
administration at the time of PET studies. Figure 2 indicates
that the decrease in the [''C]JRAC ug:»take was relatively
lesser in comparison with that in the ["'CICFT uptake in the
L-DOPA-responsive cases.

Discussion

In earlier studies, the cerebellum has been widely used as a
reference region to estimate the availability of dopamine
transporters using [''CICFT [14,15] and dopamine Dj-like
receptors using ["CIRAC [16]. We, however, selected the
occipital cortex as a reference region in this study.
Neuropharmacological evidence has revealed that the
densities of both the dopamine transporters and dopamine
D,-like receptors in the human occipital cortex are negligible
as in the case of the cerebellum [17]. Furthermore, the
cerebellum is often involved in the pathological processes in
MSA-P, whereas the occipital lobe is less likely to be
affected. The selection of the occipital region as a reference
would be useful for PET analysis of MSA. In contrast, the
measured values of the striatum might have affected by the
atrophy. The correlation of two PET measures on the same
regions, however, are robust because they are evaluated
with common ROIs to cancel out the spatial effect.

Vol 00 No 00 | W 2008 3
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Fig.2 The correlation between the uptake ratio index (URI) of ["C]CFTand that of ["C]JRAC in the caudate nuclei (a), anterior putamen (b), posterior
putamen (c), and all these areas (d) of all participants including MSA-P patients =8) and normal participants (7=8). The approximate lines for all the plots
of the MSA-P group are shown in (d). Asterisk (*), normal participants; open circles (O), the caudate nuclei in MSA-P patients; open triangles (A), the
anterior putamen in MSA-P patients; open squares (1), the posterior putamen in MSA-P patients; and solid markers (@), MSA-P patients exhibiting L-
DOPA responsiveness. ["CJCFT, "C-labeled 2B-carbomethoxy-3p-(4-fluorophenyl)-tropane; ['C]RAC, 'C-labeled raclopride; L-DOPA, L-3,4,dihydrox-

yphenyl-alanine; MSA-P, phenotype of multiple system atrophy.

Using ["'CICFT and ["CJRAC, we simultaneously mea-
sured presynaptic and postsynaptic nigrostriatal dopami-
nergic functions and observed that both functions were
significantly impaired in all eight patients with MSA-P
compared with the normal group.

The functional impairment in the striatum was more
noticeable in the putamen, particularly in its posterior part,
than in the caudate nuclei. The most prominent result of our
study was that a strong positive correlation was noted
between presynaptic and postsynaptic functional impair-
ments in the MSA-P group throughout the striatum
regardless of the severity of the impairments. In Parkinson’s
disease (PD), presynaptic and postsynaptic functional
impairments were reported to be negaﬁvely correlated in
the putamen by PET using ["'CICFT and ["'CISCH 23390
(dopamine D;-like receptor probe), reflecting severe impair-
ment in the presynaptic marker with an upregulation of the
postsynaptic function [18]. The differential diagnosis be-
tween MSA-P and PD in clinical situations is at times
difficult. The patterns of presynaptic and postsynaptic
functional impairments, however, demonstrated by PET
contrasted between MSA-P and PD, and therefore the two

disorders can be clearly differentiated with combined
presynaptic and postsynaptic dopaminergic PET examina-
tions.

Ghaemi et al. [3] applied PET using ['|*FIFDOPA and
[""CIRAC to MSA-P patients and discovered that both
presynaptic and postsynaptic dopaminergic functions were
reduced in the nigrostriatal dopaminergic system. They did
not, however, provide information about whether the
impairments in the presynaptic and postsynaptic dopami-
nergic function were correlated in each participant. Our
study is the first to demonstrate a positive correlation
between the presynaptic and postsynaptic dopaminergic
function with respect to the local subdivisions of the
striatum and the disease duration.

What is the pathological background of the strong
correlation of presynaptic and postsynaptic markers mea-
sured by PET? Pathologically, neuronal loss and gliosis are
the primary forms of impairment in MSA [2]. The neuronal
loss tends to be severe in both SN and striatum; however, it
is not always to the same extent [1], and there has been no
report regarding the correlation of pathological findings
such as glial cytoplasmic inclusion [19] and o-synuclein
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[20,21] between SN and striatum. If the PET markers for
presynaptic and postsynaptic dopaminergic function di-
rectly reflect the degree of degeneration in SN and striatum
independently, as in PD [15,22], the combination in the
degree of presynaptic and postsynaptic functional impair-
ment could be variable. The presence of a strong positive
correlation between the presynaptic and postsynaptic
dopaminergic functions measured by PET within partici-
pants and across participants suggests that these impair-
ments in MSA-P are the result of the destruction of the
entire synaptic structure in the striatum. Pathologically, the
putamen is one of the areas with the most severe neuronal
loss in MSA-P [2]. We consider that the presynaptic marker
represents the degree of degeneration of the SN only if the
striatum involvement is lesser than that of SN; however,
once the severe destruction of striatum occurs, the pre-
synaptic marker no longer represents the degree of SN
degeneration because it is masked by the destruction of the
entire structure of the synapse.

Parkinsonism in MSA is treated with L-DOPA, dopamine
agonists, and anticholinergic agents; however, only a mild
effect is noted in a minor population in the early stage, and
the responsiveness to L-DOPA gradually disappears. Gen-
erally, responses to L-DOPA are poor in cases of MSA-P [1].
In a previous report, L-DOPA was effective in the early stage
in approximately 1/3 of the MSA cases [23]. We examined
two early MSA-P cases responsive to L-DOPA. In these
cases, the presynaptic dopaminergic function was markedly
reduced; however, the reduction in the postsynaptic
dopaminergic function was relatively less severe compared
with that in the cases not responsive to L-DOPA; moreover,
this trend was more prominent in the striatum on the
contralateral side in which L-DOPA alleviated the symp-
toms of parkinsonism. Churchyard ef al. [24] suggested that
the ineffectiveness of L-DOPA on parkinsonism in MSA is
related to the dominance of neuronal loss, gliosis, and the
reduction in postsynaptic dopamine D, receptors in the
posterior putamen. Wenning et al. [5] reported that L-DOPA
was highly effective in the cases in which the putamen was
relatively conserved compared with the degree of nigral
neuronal loss, and the effect of L-DOPA was negatively
correlated with the degree of nigral degeneration, suggest-
ing that nigral degeneration precedes striatal degeneration
[1]. Whether nigral degeneration preceded striatal degen-
eration was not clear in our study; however, postsynaptic
dopaminergic function was relatively retained in our L-
DOPA-responsive cases. We consider that the degree of
conservation of postsynaptic dopaminergic function is
related to the effectiveness of L-DOPA in MSA-P and that
a trend of dissociation of presynaptic and postsynaptic
markers can be detected by PET. Further studies are
necessary to increase the number of the participants and
to follow up the L-DOPA-responsive cases using PET and
clinical course observations.

Conclusion

We have established the presence of a strong positive
correlation between the reductions in nigrostriatal presy-
naptic and postsynaptic dopaminergic functions and L-
DOPA-responsive cases in which the degrees of presynaptic
and postsynaptic functional impairments are dissociated in
some manner.

The elucidation of the patterns and processes of pre-
synaptic and postsynaptic functional impairments may
provide a clue to understanding the development and
advancement mechanisms of the disease and will aid in a
more reliable early clinical diagnosis and prediction of drug
effects.
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