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Abstract A case of Creutzfeldt-Jakob disease (CJD) with
a rare mutation of the prion protein (PrP) gene (PRNP)
at codon 208 (R208H) is described. By comparison with
two preceding reports, the case described here displayed
two distinct biochemical and neuropathological features.
Western blot analysis of brain homogenates showed, in
addition to the commonly observed three bands of
abnormal protease-resistant PrP isoform (PrP5¢), an
additional band of about 17 kDa. Neuropathological
examination of the post mortem brain revealed tau
pathology in the hippocampus and entorhinal cortex, as
well as ballooned neurons in the cortex, hippocampus
and subcortical gray matter.
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Introduction

Human prion diseases are transmissible diseases that can
be sporadic, acquired as in variant Creutzfeldt-Jakob
disease (vCJD), and familial as in 10-15% of human
prion diseases that are caused by mutations of the prion
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protein (PrP) gene (PRNP). Clinical and pathological
changes in familial cases may be similar to or indistin-
guishable from sporadic (sCJD) or idiopathic CJD, as in
familial CJD (fCJD) associated with the E200K muta-
tion, or may be quite different from sCJD, as in Gerst-
mann-Straussler-Scheinker syndrome (GSS) associated
with the P102L mutation. In addition to the particular
determining mutation causing disease, the clinical and
pathological phenotype of familial prion diseases is
influenced by a methionine/valine polymorphism at co-
don 129 of PRNP.

Here we report on a 69-year-old woman with an
R208H mutation of PRNP and clinical signs typical of
sCJD. In contrast to two previously reported cases with
this mutation, autopsy findings in this case revealed
peculiar tau protein pathology. Western blots of brain
homogenates showed an unusual 17-kDa fragment of
PrP in addition to the PrP banding pattern that is reg-
ularly observed in sCJD.

In sCJD, six different banding patterns of the
abnormal protease-resistant PrP isoform (PrP%%) have
been observed after digestion with proteinase K (PK)
[14]. By and large, these six patterns can be separated in
two major groups, PrP type 1, characterized by three
bands migrating at about 30, 26 and 21 kDa, and PrP*
type 2 migrating at about 28, 24 and 19 kDa. The upper
band corresponds to the diglycosylated form of PrP%°,
the middle band to the monoglycosylated form and the
lower band to the unglycosylated form [15].

Detailed Western blot analysis of PK-treated PrP5¢
has recently shown additional bands of 7-8, 11, 12, 13
and 14 kDa in various forms of human prion disease.
Fragments of 7-8 kDa have only been found in GSS.
Tagliavini et al. [24, 25] found a low molecular mass
fragment of about 7 kDa in GSS patients with A117V,
F198S and Q217R mutations of PRNP. Piccardo et al.
[20] investigated brain tissue of GSS F198S patients and
detected an 8-kDa fragment. In a study on seven GSS
patients with the P102L mutation, Parchi et al. [17]
identified a 21-kDa peptide and an additional band of
8 kDa in five cases. Two out of the seven patients
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showed only an 8-kDa fragment. The 8-kDa fragment
correlated with the appearance of plaques. Furthermore,
a 13 kDa fragment was found only in patients with GSS
showing the 8- and 21-kDa fragments. Tagliavini et al.
[23] investigated isolated amyloid of GSS patients with
an F198S-129V mutation of PRNP, and found an
additional 11-kDa fragment spanning residues 58—150.
A PrP%¢ fragment of 11-12 kDa has recently been de-
scribed in patients with iatrogenic CJD (iCJD) and some
sCJD cases [22]. This protease resistant C-terminal
fragment was only detectable in patients with iCJD and
no PrP plaque-type deposits on histology, and in pa-
tients with MM1 and MV1 sCJD. Patients with iCJD
and PrP plaque deposits, as well as patients with MV2
and VV2 sCJD and vCJD did not show this fragment.
Two unglycosylated PK-resistant fragments of 12 and
13 kDa were described by Zou et al. [30] in all of 29
investigated brains, including all molecular subtypes
except MV1. An unglysosylated band of 14 kDa was
found in brain extracts of GSS patients with the A117V
mutation of PRNP [20]. The pathogenetic or etiological
significance of these small PrP fragments is unknown at
present.

Clinical history

One year preceding her death this 69-year-old woman
developed acute weakness and clumsiness of the left
hand, dysarthria and gait disturbance. These symptoms
disappeared within a few hours except for a mild
clumsiness. Later her daughter noted difficulties of her
mother in orientation in her own flat, which had become
untidy. She also noted short-term memory deficits and
general slowing of her mother. At the time of clinical
presentation, 1 month later, she had mild cognitive
impairment, especially short-term memory deficits and
gave incoherent answers. The neurological examination
showed mild left facial paresis, latent paresis of the left
hand, mild dysarthria, dysdiadochokinesia and mild gait
ataxia. She had arterial hypertension. She had been
seriously injured in a car accident a few years before
clinical admission.

The cerebral MRT showed vascular lacunar lesions
of the right basal ganglia, the genu of the internal cap-
sule and periventricular white matter. The EEG initially
showed diffuse slowing and progressed to triphasic and
tetraphasic sharp-wave discharges as the disease pro-
gressed. The CSF showed a mild blood-CSF barrier
disturbance, elevated neuron-specific enolase (74 ng/ml)
and 14-3-3 proteins were detectable.

During the days after admission she presented with
nocturnal confusion and agitation. The ataxia increased,
sometimes the extremities were held in strange positions,
and choreatiform-athetotic movements of both arms
were observed. She became tetraspastic and more and
more aspontaneous. Percutaneous endoscopic gastros-
tomy (PEG) for feeding became necessary.

A diagnosis of probable CJD was made according to
the WHO diagnostic criteria (1998) [28]. She died 1 year
after the onset of clinical signs. No similar diseases were
reported in her family. Her mother had died at the age of
90 years. She had a urinary bladder carcinoma; no
dementia was reported. Her father had died at the age of
45 years of bronchial hemorrhage. Her younger sister
(67 years) has been suffering from a psychiatric disorder
without dementia or neurological deficits for about
5 years. Her brother (62 years) is healthy. She has two
healthy daughters aged 41 and 38. Family members
refused genetic examination.

Methods

Histological examination was performed on 4-um-thick
sections of 15 regions of formalin-fixed and paraffin-
embedded cerebrum, cerebellum and brainstem. Hema-
toxylin and eosin (H&E) as well as Gallyas silver stains
were performed using standard techniques. Im-
munohistochemistry was performed with antibodies di-
rected against PrP (L42, 1:100; gift from M. Groschup),
phosphorylated tau (ATS8, 1:200; Innogenetics, Ghent,
Belgium), w«-synuclein (15G7, 1:10) and «B-crystallin
(1:500; Calbiochem, Nottingham, UK).

For genetic analysis DNA was extracted from blood
peripheral lymphocytes according to standard proce-
dures. The complete open reading frame of PRNP was
analyzed by direct sequencing of PCR products using
the automated LICOR 4200 DNA analyzer as described
previously [29].

For Western blot analysis tissue from the frontal
cortex and cerebellum was homogenized in 9 volumes
(wt/vol) of lysis buffer (0.5% Nonidet P-40, 0.5% DOC,
10 mM EDTA, 100 mM NaCl, 100 mM TRIS, pH 7.4).
After PK digestion (50 pg/ml, 1 h at 37°C), cleared ho-
mogenates were subjected to SDS-PAGE (12%) and
blotted on PVDF membranes [14]. For comparison we
used brain homogenates from two sCJD cases (MM1
and VV2). The monoclonal anti-PrP antibody 3F4
(1:3,000, DAKO), recognizing the epitope 109-112 of
PrP, was used for immunodetection. Blots were devel-
oped using NBT-BCIP according to standard protocols.
Band intensity measurement was performed using
TotalLab Software (Nonlinear Dynamics, Newcastle
upon Tyne, UK).

Results
Histology/immunohistochemistry

The neuropathological gross examination showed severe
atrophy of the cerebrum and cerebellum and diminution
of cortical thickness. Histological examination of H&E-
stained sections revealed severe spongiform changes in
all layers of the cerebral cortex, most severely affecting



the occipital and temporal lobes. Furthermore, there
was very severe neuronal degeneration as well as astro-
cytic gliosis in the cortex, and a rarefaction of cerebral
white matter. Ballooned neurons were found mainly in
the deeper layers of the frontal cortex. Marked nerve cell
loss, gliosis and spongiform changes were also found in
the basal ganglia and less frequently in the thalamus.
The hippocampus showed only minor spongiform
changes and the brainstem was nearly spared. However,
astrocytic gliosis was found in various parts of the
brainstem. The molecular layer of the cerebellar cortex
showed severe spongiform changes. Degeneration of the
granular cell layer and loss of Purkinje cells as well as

Fig. 1 a Histological section of the CA1 region and alveus showing
argyrophilic threads (arrows) as well as argyrophilic inclusions in
oligodendrocytes (coiled bodies) (arrowhead). Gallyas silver stain.
b Immunohistochemistry with antibody L42 shows synaptic PrP
staining of all layers of the cerebral cortex with a predilection for
the deep cortical layers. ¢ Immunohistochemistry with antibody
ATS. There are numerous ATS8-positive tiny granules in the CA1l
region and as a felt-like network, most dominant in the alveus. The
small box shows the tiny granules. d Immunohistochemistry with
antibody against o«B-crystallin, showing a ballooned neuron in the
cortex of the cingulate gyrus (PrP prion protein)
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mild atrophy of cerebellar white matter were noted. The
dentate nucleus showed minor vacuolar change, nerve
cell loss and gliosis. In addition, a remote ischemic
infarct in the right putamen and a status lacunaris of the
basal ganglia were found.

Using Gallyas silver staining, we found a small
number of neurofibrillary tangles (NFT) and numerous
threads in the CA1l region of the hippocampus and
external layer of the entorhinal cortex. In the alveus we
noted some argyrophilic inclusions in oligodendrocytes,
interpreted as coiled bodies (Fig. 1a). There were no
argyrophilic inclusions in the neocortex, amygdala, ba-
sal ganglia or cerebellum.

Immunohistochemistry with an antibody against the
human PrP revealed synaptic staining of all layers of the
cerebral and cerebellar cortex, with a predilection for the
deep cortical layers of the cerebrum and the deep and
middle cortical layer of the entorhinal and transen-
torhinal cortex (Fig. 1b). Synaptic staining was also
present in the hippocampus, amygdala and less pro-
nounced in the basal ganglia, thalamus and tectum. A
coarse staining pattern of PrP5 was found in the thal-
amus and granular layer of the cerebellum. Histological
sections from the pituitary gland and ganglion Gasseri
were negative for PrP.
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Immunostaining with an antibody against hyper-
phosphorylated tau protein (AT8) revealed a few NFT
and neurons with stained cytoplasm (pre-tangles) in the
CA1 region. There and in the external layer of the
entorhinal cortex we found a small number of
AT8-positive inclusions in oligodendrocytes and astro-
cytes. In addition, there were numerous ATS8-positive,
L42-negative tiny granules in the CAl region, in the
entorhinal cortex, present as a felt-like network most
conspicuous in the alveus (Fig. 1c) and less obvious in
the medulla oblongata and pons. There were no ATS-
positive inclusions in the cerebellum. Numerous
oB-crystallin-immunoreactive ballooned neurons were
found in the cortex (layer VI) of the cingulate gyrus
(Fig. 1d), smaller numbers in the frontal and temporal
lobe, subiculum, entorhinal and transentorhinal cortex
and only a few in the hippocampus, amygdala, putamen
and claustrum. These ballooned neurons did not show
argyrophilic staining.

Genetics

Genetic analysis revealed a single point mutation at
codon 208, consisting in a guanine to adenine transition,
which results in an amino acid change from arginine to
histidine. Homozygosity for methionine was found at
codon 129 of PRNP.

Western blot analysis

Protein homogenates for Western blot analyses were
prepared from the frontal lobe and cerebellum. A typical
PrP%¢ pattern type 1 was found [15]. In addition, there
was a fragment migrating at 17 kDa, detected with the
antibody 3F4 (Fig. 2: lanes 3 and 4). This fragment was
more abundant in the cerebellum than in the frontal
lobe. We used band intensity measurements to deter-
mine the percentage of the three glycoforms. Dilution
series of recombinant human PrP were used for cali-
bration. The results for frontal and cerebellar digly-
cosylated, monoglycosylated, unglycosylated 21 kDa
and unglycosylated 17 kDa bands were 16% and 22.6%;
34.9% and 38.4%; 42.5% and 32.5%; 6.3% and 6.4%,
respectively. Deglycosylation of the homogenates prior
to PK treatment resulted in two immunoreactive bands
of 21 and 17 kDa (data not shown).

Discussion

The R208H mutation of PRNP has been reported in two
previous cases of a 60-year-old man and 58-year-old
woman, both of whom were methionine homozygotes at
codon 129 of PRNP. Both presented first with anorexia,
weight loss and cognitive decline followed by halluci-
nations, agitation and ataxia. Both had a disease dura-
tion of 7 months. The histological examination revealed
extensive spongiform degeneration and astrocytic gliosis

1 2

21 kDa
17 kDa
->

Fig. 2 Western blot analysis of PrP after proteinase K treatment
using mAb 3F4. Lane I: PrP> type 1 from a sporadic CID case;
lane 2: PrP>° type 2 from a sporadic CID case; lane 3: frontal cortex
of case presented here; lane 4: cerebellar cortex of case presented
here. As seen in /anes 3 and 4, there is an additional band migrating
at 17 kDa (PrP5¢ protease-resistant PrP isoform)

mainly in the cerebral cortex. Immunostaining for PrP5°
showed a synaptic pattern, and no tau patholo%y was
reported. The Western blot analysis revealed PrP>° type
1 in both cases [2, 13]. Thus, the two previously reported
cases were very similar clinically and histopathologically
to sCJD in codon 129 methionine homozygous patients
with PrP% type 1 (sCJD-MMI1) [18]. A negative family
history was reported for the 60-year-old male [13]. An
asymptomatic relative with the mutation at codon 208
was revealed by genetic examination of the family. He
was under 50 years of age. The family history of the 58-
year-old female was negative [2].

The case reported here shows a number of similarities
and significant differences when compared to the previ-
ous two cases. The unilateral signs at onset, such as
clumsiness and weakness of the left hand and dysarthria,
may be related to an infarct or may have been a first
unilateral sign of CJD [6, 18]. Because of nearly com-
plete recovery of these initial signs and since cerebral
MRI revealed an additional older lacunar lesion in the
right genu of the internal capsule, we prefer to interpret
the unilateral signs as an ischemic event rather than as
signs of CJD. The clinical course with presentation of
cognitive decline and gait ataxia shows features typical
of sCJD-MMI. Anorexia and weight loss as reported in
the preceding cases were absent in our patient. The age
at onset fits in the group of sCID-MMI1 (65.5 years).
The disease duration of 1 year was longer than the
average for the group of sCJD-MMI, which is about
3.9 months (1-18 months) [18].

Concerning the histological features, the distribution
of spongiform changes in our case corresponds to the
lesion profile of sCJD-MMI1 [6, 18]. Immunohisto-
chemistry showed a synaptic PrP> pattern with a
laminar predilection for the deep cortical layers, which is
not typical of sCJID-MMI1, and was not described in the
two other cases. In addition, we noted tau-positive and
argyrophilic inclusions as well as ballooned neurons.
The combination and distribution pattern of NFT,



argyrophilic threads and ballooned neurons in our case
were not characteristic for a particular neurodegenera-
tive disease with tau pathology [1]. We found small ATS8-
positive granules mainly in the CA1 region and alveus,
as well as argyrophilic inclusions in the alveus. In
addition, a small number of aB-crystallin-positive bal-
looned neurons were found in the amygdala. However,
since there were no argyrophilic grains in the amygdala,
a diagnosis of AGD was rejected [26]. Ballooned neu-
rons found in other brain regions of our case may be
related to CJD, as they have been described as a neu-
ropathological aspect of sCID-VV1, but notably not in
sCID-MM1 [10, 21]. It is difficult to state with certainty
whether any of the clinical signs are directly related to
tau pathology rather than CJD in this case.

There are reports dealing with the “coincidence™ of
sCJD and tau pathology, which is mostly interpreted as
an incidental phenomenon in aged patients [8, 11]. On
the other hand, the combination of tau pathology (NFT,
neuropil threads) and GSS is a major feature of the
neuropathological phenotype in patients with mutations
F198S [4, 7, 9] and Q217R [9] as well as some with the
A117V [27] and P105SL mutations of PRNP [12]. Bio-
chemical analysis of PK- and peptide-N-glycosidase F
(PNGase F)-treated brain homogenates of GSS patients
with the F198S mutation has shown a unique PrP profile
of three prominent unglycosylated PrP fragments of 27—
29, 18-19 and 8 kDa [19], which is different from the PrP
pattern in Western blot analysis of GSS patients with the
P102L mutation, by far the most common mutation
linked to GSS, which shows two unglycosylated bands
of 21 and 8 kDa after PK and PNGase F treatment [17].

The Western blot analysis of PK-treated brain sam-
ples of our case revealed a typical PrP5 type 1 pattern.
In addition, a shorter band of 17 kDa was detected.
Deglycosylation experiments with our samples revealed
that the 17-kDa fragment is unglycosylated. By mea-
suring the glycosylation ratio, we found a pattern that
differs from the ratios described by Parchi et al. [15] and
Furukawa et al. [5] in sCJD and fCJD with the V2101
and the E200K mutations. The monoglycosylated band
is the strongest band in sCJD and fCJD with the V2101
and E200K mutations. In addition, there were slight
differences in the glycosylation patterns in the two
mutations (V2101 vs E200K) [3, 16]. In our case the
unglycosylated band of 21 kDa was the strongest fol-
lowed by the mono- and diglycosylated bands. The
finding of an additional 17-kDa PrP fragment is
remarkable, because it was absent in two other cases
with the same R208H mutation but no tau pathology. It
remains to be shown whether the additional PrP band is
related to tau protein pathology.
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