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abnormalities, and absence of 14-3-3 protein in the CSF
[10,16,17].

Thus, a useful diagnostic tool is needed, particularly for
patients without a known family history of CJD. The
presence of 14-3-3 protein in the CSF has been recognized
to have good sensitivity and specificity as an indicator of
sporadic CJD [5-7,18]. However, no studies have been
published on the sensitivity and specificity of CSF
abnormalities in familial CJD, and as many as 25% of
patients with familial CJD may have normal 14-3-3 protein
and NSE concentrations in the CSF [5,6].

Magnetic resonance imaging (MRI) has been reported to
be a useful tool for early diagnosis of sporadic CID. For
example, MRI with diffusion-weighted images (DWI)
shows increased signals in the basal ganglia and cerebral
cortex of patients with sporadic CID [19-28]. Whether MRI
is equally useful in the diagnosis of familial CJD remains
unclear, although several MRI studies have been reported in
familial CJD with various mutations in the prion protein
gene [29-32].

To further investigate whether MRI might be useful in
the diagnosis of familial CJD, we examined the brain of a
patient with familial CID in whom the codon 200 mutation
was confirmed by molecular genetic analysis. DWI, fluid-
attenuated inversion recovery (FLAIR) imaging, and TI-
weighted imaging (T1WI) were performed, and the results
were compared with findings in the literature on patients
with sporadic CID.

4.17.02
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2. Case report
2.1. Clinical description

A 64-year-old right-handed woman bom in southern
Japan was admitted to our hospital because of forgetfulness,
dysarthria, and impaired balance. She had noticed the
forgetfulness and insomnia 3 months before admission.
Fatigue, motor slowness, and dysarthria had developed 2
months before admission. The frequency of spontaneous
speech had gradually decreased, and she had increasingly
experienced loss of balance, leading to falls. The patient’s
mother died at age 55 of a progressive dementing disorder,
and her younger sister had received a diagnosis of familial
CID at another hospital.

At admission to our hospital, the patient was alert and
cooperative, but inattentive. She was able to follow simple
commands, and her Mini-Mental State Examination
(MMSE) score at that time was 23 of 30 possible points.
Her speech was slurred, and scanning speech was occa-
sionally evident. Her pupils were normal in size and reacted
to light stimulation. Extraocular movement was normal.
Cerebellar ataxia was detected, including dysmetria and
decomposition in all extremities. Her gait was also ataxic
and wide based. No involuntary movements were observed.
She did not smoke or consume alcohot and had no history of
toxic exposure. Results of extensive laboratory evaluations
of serum, urine, and CSF were normal, except for positive
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Fig. 1. Magnetic resonance imaging of the brain of a patient with familial Creutzfeldt-Jakob disease, performed with serial diffusion-weighted images (DWTI).
(A) and (B) were performed at admission to hospital, (C) and (D) at approximately 1 month, and (E) and (F) at 2 months after admission. (A) and (B) High
signal intensity bilaterally in the basal ganglia, insula, and cingulate gyrus. (C) and (D) Slightly decreased hyperintense bilateral signals in the basal ganglia;
extension of signals in the cortex into left temporoparietal cortex and cingulate gyrus. (C) Increased signal intensity in areas of hyperintensity in insular cortex.
(E) and (F) Slight decrease in hyperintense signals in cingulate gyrus, insular cortex, left temporoparietal cortex, and basal ganglia.
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14-3-3 protein (+; normal, negative) and elevated NSE (77
ng/mL; normal, <35 ng/mL) in the CSF. At that time, EEG
showed diffuse slow waves without periodic sharp waves.

A diagnosis of familial CJD was made, and treatment
with quinacrine was started at 300 mg/day. Despite treat-
ment, the patient’s speech and gait deteriorated rapidly. Her
cognitive decline also progressed rapidly in association with
myoclonic jerks in the upper extremities. Subsequently, both
spontaneous and stimulus-induced episodes of myoclonus
were seen in all extremities. Rigidity, Babinski signs, snout
reflex, and bilateral grasping reflex also developed. One
month after admission (4 months after the onset of
symptoms), EEG showed diffuse slow and periodic sharp-
wave complex discharges.

Genomic DNA was extracted from peripheral lympho-
cytes. The coding sequence of the prion protein gene was
amplified by using polymerase chain reaction. Genetic study
confirmed the point mutation at codon 200 (GAG—AAG)
resulting in the substitution of lysine for glutamate.

2.2. Magnetic resonance imaging studies

MRI of the brain was performed with DWI, FLAIR
imaging, and T1WI at admission, as well as approximately 1
and 2 months later.

At admission, DWI demonstrated high signal intensity
bilaterally in the basal ganglia, insula, and cingulate gyrus

(Fig. 1A and B). FLAIR imaging also showed high signal
mtensity bilaterally in the basal ganglia (Fig. 2A). Apparent
diffusion coefficient (ADC) mapping of these regions
revealed decreased signal intensity, indicating cytotoxic
edema. T1-weighted imaging (T1WI) showed normal
results (Fig. 2B).

DWI performed approximately 1 month after admission
showed that the hyperintense signals in the basal ganglia
had decreased slightly and those in the cortex had extended
into the left temporoparietal cortex and the cingulate gyrus
(Fig. 1C and D). DWI also showed that the hyperintensity in
the insular cortex had increased in signal intensity (Fig. 1C).
On TI1WI, spotty hyperintense signals had appeared
bilaterally in the globus pallidus (Fig. 2D).

On DWI performed 2 months after admission, the degree
of hyperintensity in regions involving the cingulate gyrus,
insular cortex, left temporoparietal cortex, and basal ganglia
had decreased slightly (Fig. 1E and F). On TI1WI, the
increased signal intensity in the globus pallidus was more
apparent than it had been 1 month after admission (Fig. 2F).

3. Discussion
The case we describe helps to clarify the role of MRI as a

diagnostic tool in patients with familial CJD. Familial CJD
with the codon 200 mutation was confirmed by genetic
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Fig. 2. Magnetic resonance imaging of the brain with serial fluid-attenuated inversion recovery (FLAIR) and T1-weighted imaging (T1W1). (A) and (B) were
performed at admission, (C) and (D) at approximately 1 month, and (E) and (F) at 2 months after admission. (A) Hyperintense signals in the bilateral basal
ganglia on FLAIR image. (B) Normal TIWI. (C) Slightly decreased hyperintense signals in the bilateral basal ganglia on FLAIR image. (D) Bilateral spotty
hyperintense signals in the globus pallidus on TIWL (E) No significant signal change in FLAIR (compared with FLAIR image at 1 month), but artifact
prevented precise evaluation. (F) Increased signal intensity in the globus pallidus on TIWI (more apparent than at 1 month).
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study in our patient. As has also been reported for other
patients with this mutation [10,12~17], progression was
more aggressive in our patient than in those with sporadic
CJD. However, most clinical features of our case were
similar to those of sporadic CJD, including rapidly
progressive ataxia, severe mental deterioration, myoclonus,
and typical periodic sharp-wave activity on EEG approx-
imately 4 months after the onset of symptoms.

DWI abnormalities in our patient were observed as areas
of high signal intensity in the putamen and caudate nucleus
and as ribbon-like areas of hyperintensity in the cortical
areas, predominantly in the insula, cingulate gyrus, and
temporoparietal lobe. Although corresponding FLAIR
images showed some hyperintensity in the basal ganglia,
ADC mapping performed at the same time showed reduced
signals in the corresponding regions, indicating that T2
shine-through contributed to the hyperintensity in the DWI
only to a slight degree. The abnormalities found in our
patient resemble those observed in sporadic CID [19-28],
demonstrating that similar MRI abnormalities can be found
in both forms of the disease.

DWI appears to be a valuable tool that should be
included in the diagnostic criteria for CJD [33]. Marked
DWI changes can be observed in the early siages of
symptomatic onset and are sustained over several months,
although the high signal intensity seen on DWI may
disappear over time in patients with advanced sporadic
CID (unpublished data). Shiga et al. [33] concluded that
DWI was a more sensitive test for the early clinical
diagnosis of CJD than periodic sharp wave complexes on
EEG, detection of CSF 14-3-3 protein, or increase of NSE
in the CSF. DWI may detect areas of increased signal
intensity in the basal ganglia and cerebral cortex with
greater sensitivity than that of routine MRI sequences such
as TIWIL, T2WI, or FLAIR images [18,34].

The pathogenesis of DWI abnormalities in the basal
ganglia and cerebral cortex in CJD is not well understood.
Spongiform neuronal degeneration and microglial activation
might contribute to the changes demonstrated on DWI
[35,36]. Cambier et al. [37] have suggested that high signal
intensity on DWI may be related to periodic sharp-wave
complex discharges on EEG. The EEG did not show
specific changes corresponding to the DWI abnormalities
in our case. Although our patient showed positive 14-3-3
protein and increased NSE in the CSF, as in sporadic CJD, it
is unclear whether these findings are also related to the DWI
abnormalities.

T1WI signals in the globus pallidus were initially normal
in our patient and increased in intensity bilaterally during
the early stages. This phenomenon might represent rapid
pathologic changes in the basal ganglia during the course of
the illness, corresponding to the hyperintensities shown on
DWI. Such changes have previously been reported in only 1
patient with sporadic CJD, who showed typical clinical
characteristics [38]. Although the high TIWI signal
intensity in the globus pallidus may have been due to

accumulation of prion protein in the brain [38], increased
metal concentration can also cause high signal intensity on
TIWI[39]. It remains doubtful whether T1WI abnormalities
are pathognomonic for either sporadic or familial CJID.

To our knowledge, this is the first report to of MRI
showing DWI and T1WI abnormalities in familial CJD with
a point mutation at codon 200. Despite the clinical diversity
and atypical laboratory findings seen in familial CJD with
the codon 200 mutation, these neuroimaging studies suggest
that common regional distributions and a common patho-
genesis might underlie the clinical progression in both
sporadic and familial CJD with the codon 200 mutation in
the prion protein gene. Thus, DWI abnormalities may be
characteristic features that should be considered in the
diagnosis of familial as well as of sporadic CID.
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Fatal familial insomnia with an unusual prion protein deposition pattern: an autopsy report with an

experimental transmission study

We recently performed a post-mortem examination on a
Japanese patient who had a prion protein gene mutation
responsible for fatal familial insomnia (FFI). The patient
initially developed cerebellar ataxia, but finally demon-
strated insomnia, hyperkinetic delirium, autonomic signs
and myoclonus in the late stage of the illness. Histological
examination revealed marked neuronal loss in the thala-
mus and inferior olivary nucleus; however, prion protein
(PrP) deposition was not proved in these lesions by immu-

nohistochemistry. Instead, PrP deposition and spongi-

form change were both conspicuous within the cerebral
cortex, whereas particular PrP deposition was also
observed within the cerebellar cortex. The abnormal pro-
tease-resistant PrP (PrP™) molecules in the cerebral cor-

tex of this case revealed PrP™ type 2 pattern and were
compatible with those of FFI cases, but the transmission
study demonstrated that a pathogen in this case was dif-
ferent from that in a case with classical FFIL By inocula-
tion with homogenate made from the cerebral cortex, the
disease was transmitted to mice, and neuropathological
features that were distinguishable from those previously
reported were noted. These findings indicate the possibil-
ity that a discrete pathogen was involved in the disease in
this case. We suggest that:not only the genotype of the
PrP gene and some other as yet unknown genetic factors,
but also the variation in pathogen strains might be
responsible for the varying clinical and pathological fea-
tures of this disease.

Keywords: Creutzfeldt-Jakob disease, NZW mouse, prion disease, thalamic form, transmissible spongiform encephalopathy

Introduction

Fatal familial insomnia (FFI) is one of the disease entities of

prion disease or transmissible spongiform encephalopathy
(TSE) and it is linked to a mutation at codon 178 of the
prion protein gene (PRNP), aspartic acid to asparagine
substitution (D178N), in conjunction with methionine at
the polymorphic position 129 of the mutant allele [1]. The
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neuropathological hallmark of FFIis the predominance of
lesions within the thalamus [2]. Clinically this disorder is
characterized by progfessive insomnia, dysautonomia
and motor signs [3]. The D178N mutation is also associ-
ated with familial Creutzfeldt-Jakob disease (CJD). The
disease phenotypes have been considered to depend on
the polymorphism at codon 129 of the mutant allele,
methionine (129Met) in FFI and valine (129Val) in CJD
[4]. However, the FFI genotype reveals diverse clinical
expression including cerebellar ataxia, dementia and
autonornic abnormalities with or without insomnia [5,6].
In Japan, one FFI case [7] and some cases of the ‘sporadic’

© 2004 Blackwell Publishing Ltd



thalamic form of CJD [8,9] have been reported, and these
have indicated a discrepancy between PRNP genotype and
the disease phenotype.

We recently performed a post-mortem examination on a
Japanese patient with a 27-month history of familial prion
disease with PRNP D178N-129Met mutation. The clinical
data on this patient and his family have been published in
part [10]. Here we report additional clinical data and post-
mortem neuropathological findings, as well as findings in
mice infected with the patient's material.

Case repott

The pedigree is presented in Figure 1. In October 1997, a
50-year-old Japanese man (Patient II-5) developed an
unsteady gait, followed within a month by difficulty in
speech. Although these symptoms worsened rapidly, he
did not immediately develop either dementia or insomnia.
He was admitted to a hospital for neurological evaluation
in Pebruary 1998, and PRNP D178N-129Met mutation
(heterozygous for 129Met/Val) was revealed as previously
reported [10]. From October 1998, either insomnia or
delirium was clearly apparent. Hyperthermia without any
signs indicative of infection or inflammation, thus sug-
gesting an autonomic sign, was also observed. He often
showed reality disturbance and restlessness. He became

progressively demented, developed trismus, myoclonus -

and horizontal nystagmus, and demonstrated increased
muscle tone. Finally he became bedridden with flexion
contracture. Brain computed tomography revealed mild
atrophy of the cerebellum and brainstem. Electroenceph-
alograms showed a background of 9 Hz diffuse o, activi-
ties, but periodic synchronous discharges were not

Figure 1. Family tree of the present pedigree. Patients who
developed rapidly progressive cerebellar ataxia are depicted by closed
symbols, along with their age at death (years old). One of the children
of the present case has fatal familial insomnia genotype D178N-
129Met/Met (grey symbol).
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detected during the clinical course. Sleep activities with
rapid eye movements were not recorded in sleep electroen-
cephalograms. In January 2000, he died of pneumonia at
the age of 52 years, about 27 months after the onset of
disease.

Patient II-3, one of the brothers of Patient II-5, also
showed rapidly progressive cerebellar ataxia. He devel-
oped an ataxic gait, forgetfulness and dysarthria at the
age of 55 years. Brain computed tomography demon-
strated moderate cerebellar atrophy, and electroenceph-
alograms showed diffuse intermittent slow activities
without periodic synchronous discharges. He devel-
oped myoclonic jerks, akinetic mutism with a decorti-
cate posture, and died 7 months after the onset. Patient
I-1, the father of Patients II-5 and II-3, had also devel-
oped an ataxic gait and dementia at the age of
55 years. He died of unknown causes after a clinical
course of 12 months. Neither autopsy nor PRNP analy-
sis was carried out in either Patient I-1 or Patient II-3.
One of the children of Patient II-5 was revealed to have
PRNP D178N-129Met mutation (homozygous for
129Met).

Materials and methods

Autopsy was performed 6 h post-mortem. A frontal tip of

‘the right cerebral hemisphere and a cerebellar tip were

sampled and frozen for Western blot analysis. The
remaining brain was immersion-fixed in 10% formalin for
2 weeks. Tissue blocks were immersed in 98% formic acid
for 1 h and paraffin-embedded. Hematoxylin and eosin
(HE) stain, Kliiver-Barrera stain and Bodian's method
were performed on 7-pwm-thick sections. Immunohis-
tochemical analyses were performed by a standard indi-
rect method for glial fibrillary acidic protein (GFAP)
(polyclonal, Dako, Denmark, or monoclonal, clone G-A-5,
Roche, Switzerland), ferritin (polyclonal, Dako), B-
amyloid precursor protein (APP) (monoclonal, clone
LN27, Zymed, USA), SNAP-25 (monoclonal, clone
MAB331, Chemicon, USA) and prion protein (PrP) (mon-
oclonal, clone 3F4, Senetek, USA). For anti-PrP immuno-
histochemistry, sections were pretreated with hydrolytic
autoclaving as previously reported [11]. Western blot
analysis for protease-resistant PrP (PrP™) was performed
using frontal cortical and cerebellar tissue tips from this
case, applying phosphotungstic acid precipitation of PrP™
as described previously [12] with 50 pug/ml proteinase K
(PK) digestion, along with a control case with sporadic

© 2004 Blackwell Publishing Ltd, Neuropathology and Applied Neuroblology, 31, 80-87
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CJD (77-year-old man, duration of illness was 9 months,
129Met/Met). Transmission study was performed as
described previously [13]. Briefly, frontal cortical tissue
tips were aseptically homogenized with nine volumes of
saline, and after removal of debris by low-speed centrifu-
gation the supernatant was used as 10% homogenate.
Twenty microliters of 10% homogenate were injected
intracerebrally into female NZW mice or female Tg7 mice
expressing hamster PrP but not endogenous murine PrP.
Sections of infected mice were analysed by HE stain and
also by immunohistochemistry for PrP (polyclonal, PrP-C,
IBL, Japan) and GFAP (clone G-A-5, Roche). Permission
for the animal experiments was obtained from the Animal
Experiment Committee of Kyushu University.

Figure 2. Coronal section at the thalamic level. The medial part of
the thalamus is atrophic and the third ventricle is dilated.
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Results

The brain weighed 1350 g before fixation. The cerebellum
showed slight atrophy, whereas the volume of the fore-
brain was preserved. Coronal sections showed atrophy of
the medial part of the thalamus and symmerical dilata-
tion of the third ventricle (Figure 2).

The summary of histological examination is shown in
Figure 3. Marked neuronal loss and moderate astrogliosis
in the thalamus were observed, most prominently in its
centromedial nucleus and dorsomedial nucleus. However,
spongiform change was imperceptible (Figure 4A,B). Neu-
ronal loss and gliosis in the medial portion of the inferior
olivary nucleus were also apparent (Figure 4C,D). In the
cerebellum there was mild loss of granular cells, and the
molecular layer was slightly atrophic. There were localized
lesions of spongiosis in the cerebellar molecular layer.
Purkinje's cells appeared not to be decreased in number,
but they often demonstrated shrunken features. The cere-
bellar white matter showed diffuse myelin pallor. The cere-
bral cortex showed uneven distribution of spongiform
change and neuronal loss (Figure 4E). There was no
apparent difference in the intensities of the cortical lesions
among the lobes of the cerebrum except that the lesions
are more prominent in the entorhinal cortex and less in
the occipital lobe. Moderate astrogliosis was associated
with the spongiform lesions (Figure 4F).

Immunohistochemistry for PrP revealed that there was
no punctate or plaque-type immunoreactivity in the thal-

X i PR 5. A 1 PO, S ISR T

FC TC PC OC HI EC ST TH BG SN LC PO 10 CH

TEC TC PC OC HI EC ST TH PG SN LCPO TOCB

Figure 3. Lesion profiles of the present case. A: schematic drawing of the distribution of prion protein (PrP) deposition (diamonds), spongiosis.
(circles) and neuronal loss (triangles) in this case, which can be compared to that of fatal familial insomnia (FFI) and 178CJD shown in ref.
[19]. B: lesion profiles in respect to gliosis/neuronal loss and spongiosts/PrP deposition. Brain regions studied were: frontal cortex (FC), temporal
cortex (TC), parietal cortex (PC), occlpital lobe (OC), hippocampus (HI), entorhinal cortex (EC), striatum (ST), thalamus (TH), substantia nigra
(SN), periaqueductal grey (PG), pons (PO), locus ceruleus (LC), medulla oblongata (ME), cerebellum (CB). The vertical axis is the degree of
lesion graded as follows. O: not detectable; 1: mild; 2: moderate; 3: severe.
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Figure 4. Neuronal loss and gliosis revealed by haematoxylin and eosin stain (A, E), Bodian's stain (C)or
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immunohistochemistry for glial

fibrillary acidic protein (GEAP) (B, D, B). A, B: centromedial nucleus of the thalamus. C, D: inferior olivary nucleus. Neuronal loss is more
evident in the medial part (left side of panel C, which represents the rectangular area depicted in panel D). E, B: cerebral cortex {frontal lobe).
Both spongiform change and gliosis are remarkable. Bars: 50 pm (A, B, E, F), 200 pm (C), 1 mm (D).

amus or inferior olivary nucleus (Figure 5C,D). In the cer-
ebellar molecular layer, punctate deposits of PrP were
focally observed (Figure 5A), and the regions with these
deposits were coincident with the extent of spongiform
change. Likewise, fine granular deposition of PrP was also
detected together with spongiform degeneration in the
cerebral cortex (Figure 5B). The distribution of PrP depos-
its appeared to be more broad and noticeable in the cere-

bral cortex than in the cerebellum. As a unique finding,
the anti-PrP antibody revealed swollen and/or frizzled
axons in the deeper parts of the cerebral white matter, in
the corpus callosum, or at the borders of the thalamus and
caudate nucleus (Figure 5E). Axonal transported sub-
stances, APP (Figure SE, inset) and SNAP-25 (data not
shown) were also detected immunohistochemically in
those axons.

© 2004 Blackwell Publishing Ltd, Neuropathology and Applied Neurobiology, 31, 80-87
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Figure 5. Immunohistochemistry for prion protein (PrP) deposition. A: cerebellum. B: frontal cortex. C: centromedial nucleus of the thalamus.

D: inferior olivary nucleus. PrP deposition can not be detected in the thalamus or the inferior olivary nucleus, but coarse or fine granular PrP
deposition is visible within the cerebral cortex and the cerebellar molecular layer. E: axons with swollen and/or frizzled features can be detected
in the white matter at the border of the thalamus. These axons are also immunostained with anti-APP (amyloid precursor protein) antibody

(tnset). Bars: 50 pm (A, B, E), 100 pm (C, D).

Although the conventional method of Western blot
analysis for PrP™ failed to detect any particular signal
(data not shown), by application of phosphotungstic acid
precipitation that preferably concentrates PrP™ but not
cellular PrP [12], Western blot analysis of the extract from
the frontal cortex of this case revealed a detectable
amount of PrP™ (Figure 6). The molecular weight of non-
glycosylated form of PrP was about 19 kDa (PrP™ type 2
pattern) and also the PrP** glycoform ratio was compati-
ble with that of FFI, which has been previously reported
[14]. The extract from the cerebellum showed no signifi-
cant signal in Western blot analysis even with phospho-
tungstic acid precipitation (data not shown).

The disease of this case was successfully transmitted to
some of the mice inoculated with tissue homogenate from
the frontal cortex. The incubation time was 571.6 £ 61.1

days (5/7 of the inoculated mice developed TSE) in the
NZW mice and 736 + 64.4 (5/8) in the Tg7 mice, respec-
tively. Although not all the mice developed TSE, diseased
mice demonstrated lethargy in the terminal stage rather
than excitability. In the TSE-developed mice pathological
examination of the brain showed that spongiform change
and gliosis were prominent in the cerebral cortex in addi-
tion to the thalamus (Figure 7). Immunohistochemistry
for PrP revealed that diffuse granular PrP deposition was
present within the deep layer of the cerebral cortex as well
as in the lateral portion of the thalamus (Figure 7B,E).

Discussion

It is established that there is an overlapping spectrum
between classical FFI and CJD in association with PRNP

© 2004 Blackwell Publishing Ltd, Neuropathology and Applied Neurobiology, 31, 8087



Present case sCID
PK(=) PK(+) PK(+)

Figure 6. Western blot analysis for protease-resistant prion protein
(PrP™). Brain homogenate of the frontal cortex of this case Is treated
with or without proteinase K (PK), and then PK-digested sample is
followed by the 40-times concentration with phosphotungstic acid
precipitation for PrP™, The abnormal PrP molecules in the frontal
cortex of this case migrate as PrP™ type 2. PrP molecules in the lane
sporadic Crentzfeldi-Jakob disease (sCJD) are also shown as a
standard type 1 PrP (MM1). Molecular sizes (kDa) are indicated on
the left.

D178N [6]; however, this case adds to our knowledge
about this disease. Although the present case had FFI gen-
otype, the clinical features were initially characterized by
prominent cerebellar ataxia, and the neuropathological
findings were also atypical in the following respects. First,
PrP deposition and spongiform change in the cerebral
cortex were more conspicuous than in the thalamus or
inferior olivary nucleus, both of which are extremely vul-
nerable sites for FFL It has been previously reported that
heterozygotes Met/Val at codon 129 result in a longer clin-
ical course than homozygotes [4], and it is therefore pos-
sible that the lesions seen in the cerebral cortex were more
prominent simply because of the longer course of illnessin
this patient. However, a further noteworthy point about
this case is rather that there was no PrP deposition either
in the thalamus or in the inferior olivary nucleus.
Second, immunochistochemical examination detected a
peculiar deposition of PrP within the molecular layer of
the cerebellum. The localized lesions of granular deposits
of PrP and spongiform change in the cerebellar molecular
layer seemed to be similar to those reported in a patient
from an Austrian FFI family [15]. The cerebellar ataxia of
this case could have attributed to the loss of granular neu-
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rones and degeneration of Purkinje's cells, in addition to
the lesions of the inferior olivary nucleus, although the
pathology related to PrP deposition could have also been
responsible.

A third atypical feature is that the neuronal loss in the
thalamus was most noticeable in the centromedial
nucleus. A previous study revealed that severe atrophy of
the anterior ventral and dorsomedial thalamic nuclei was
consistently observed, whereas that of other thalamic
nuclei was less severe and they were inconsistently
affected [2]. In this case, the medial portion of the thala-
mus was indeed damaged crucially, but the principal
lesion was different from the typical pathology of FFL

In addition, an interruption of axonal transport was
suggested. Some of the axons were swollen and associated
with PrP accumulation, and both APP and SNAP-25 were
also accumulated in those axons. APP and SNAP-25 are
presynaptic protein and APP is considered as the most
effective marker for axonal injury [16)]. Aberration in
recruitment of PrP might be involved in the pathogenesis
of TSE, as described previously [17,18].

This case showed a small amount of specific PrP™ in the
cerebral cortex but not in the cerebellum as detected by
Western blotting. The ratio of PrP™ quantity in those
regions was visually correlated with that of immunohis-
tochemical reactivity for PrP. Although fresh frozen sam-
ples from the thalamus or the inferior olivary nucleus
were not obtained for Western blot analyses, we suspect
that PrP™ in such regions would be too sparse to be
detected by Western blotting even in combination with
phosphotungstic acid precipitation. The type 2 migration
pattern and the glycoform ratio of PrP™ in this case were
compatible with those in the typical FFI [14]; however, it
remains to be elucidated whether these abnormal proteins
that can be classified in the same PrP™ type may have dif-
ferent influences on the neurodegeneration processes.

Finally, the transmission study revealed that a pathogen
in the frontal cortex of this case might be different from
that of an FFI case previously reported by Dr Tateishi and
his colleagues [13]. NZW mice infected with a thalamic
tissue sample of a typical FFI case exhibited excitability as
the principal clinical sign and demonstrated PrP deposi-
tion predominantly localized within the thalamus. On the
other hand, NZW mice infected with a frontal cortical tis-
sue sample from the present case showed lethargy as a
clinical sign, and demonstrated diffuse PrP deposition
within the deep layer of the cerebral cortex, as well as in
the lateral portion of the thalamus. The PrP deposition

© 2004 Blackwell Publishing Ltd, Neuropathology and Applied Neurobiology, 31, 80—87
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b ST

Figure 7. Histological profiles of the mice inoculated with the patient’s brain material. A, D: hematoxylin and eosin stain. B, E: prion protein

(PrP). C, F: glial fibrillary acidic protein. Spongiform change, PrP deposition and astrocytic gliosis can be observed within the deep layer of the
cerebral cortex as well as in the lateral portion of the thalamus. D-F: high power magnifications of the cortical lesions represent the rectangular

area depicted in panel A. Bars: 1 mm (A-C), 150 pm (D-E).

pattern of this mouse was distinctive against that of mouse
models with other scrapie strains, thus refuting the possi-
bility of contamination. It is not clear whether there were
more than two pathogen strains in the brain and whether
the strains were dependent on the brain areas. Because we
have not examined transmissibility of this case systemati-
cally and not obtained frozen materials for Western blot
analysis, this aspect still awaits further clarification.

In conclusion, the present case which had FFI genotype
showed atypical features, especially with regard to the PrP
deposition pattern; there was no deposition within the
thalamus or inferior olivary nucleus. Diversity in disease
phenotype among patients with the same genotype sug-
gests that some other unidentified factors as well as abnor-
mal PrP deposits or other as yet unknown genetic factors
may be responsible for the pathogenesis of the disease. In
this study we have shown that variation in pathogen
strains may also be one such factor and this factor could
have greatly affected the pathogenesis in the present case
of FFL.
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