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Abstract We discuss relevant aspects in two siblings
with a neurodegenerative process of unclear aetiology
who developed progressive dementia with global aphasia
and hyperoral behaviour at the ages of 39 and 46 years
and who died 6 and 5 years after disease onset. The cases
were reported to the National Reference Center for TSE
Surveillance in Gottingen, Germany. Detailed clinical
examinations, CSF, blood samples, and copies of the
important diagnostic tests (magnetic resonance imaging,
electroencephalogram, laboratory tests) were obtained.
Further neuropathological and genetic analyses were
performed. Cerebral magnetic resonance imaging of both
siblings showed prominent changes in signal intensity,
especially in the left medial temporal cortex, but also the
hippocampal formation. Neuropathological examination
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revealed spongiform changes, neuronal loss, and astro-
cytic gliosis, which are typical in Creutzfeldt—Jakob dis-
ease. However, no prion protein deposits were detectable
by immunohistochemical analysis, Western blot, or PET
blot, though abundant tau protein deposits were observed.
A mutation in the coding region of the prion protein
genes of both siblings was excluded. A detailed search of
the literature revealed no other cases with a similar
clinical and neuropathological appearance. While the
disease aetiology remains unclear, the findings point to a
neurodegenerative process and most likely a genetic
disease.
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Introduction

Creutzfeldt-Jakob disease (CJD), a rare neurodegenerative
disease, is the most common transmissible human spongi-
form encephalopathy. Sporadic CJD (sCJD), the most
frequent form, is considered to account for about 85-90 %
of human transmissible spongiform encephalopathies
(TSE), while genetic CJD, which is associated with a
mutation in the prion protein gene (PRNP), is found in
about 10-15 % of European cases [9]. The most common
mutations are D178N, E200K, and V210I [5, 6]. A definite
diagnosis of sCJD requires histological or biochemical
analysis of the brain tissue. Typical neuropathological
changes are spongiform degeneration, neuronal loss, and
astrocytic gliosis, as well as the accumulation of protease-
resistant prion protein [8, 19].

Recently, a prion disease was reported in siblings who
also lacked any mutation in the PRNP and a coincidental
occurrence was discussed with regard to the cases pre-
sented in this study [20].

Here, we report on two of three siblings who developed
progressive dementia with aphasia and hyperoral behaviour
at the ages of 39 and 46 years, and who died within a few
years after diagnosis. In both patients, cerebral magnetic
resonance imaging (cMRI) showed predominant changes in
signal intensity in both (left > right) temporal cortical
regions. Neuropathological examination revealed spongi-
form degeneration, neuronal loss, and astrocytic gliosis in
both siblings, mimicking Creutzfeldt—Jakob disease (CJD).
However, no protease-resistant prion protein (PrP5%) was
found in the brain tissue, nor was there evidence of a
mutation in the coding region of the PRNP.

Case history of the sister
Clinical signs and symptoms

The first symptoms seen in the previously healthy patient
occurred at the age of 39 years, when she slowly developed
deficits in concentration, short-term memory, and spatial
orientation. On first clinical neurological examination,
cranial computerised tomography (CCT) and electroen-
cephalogram (EEG) showed normal findings. When she
developed depressive symptoms and, later in the disease,
symptoms of anxiety, she was diagnosed with depression
and an amnestic syndrome. In addition to developing
progressive cognitive deficits, she had mild hypomimia and
bradykinesia by the age of 40. The EEG demonstrated an
almost rhythmic, sharp wave-like focus over the right
temporal region, while CCT and brain scintigraphy were
normal. Cerebrospinal fluid (CSF) analysis showed a mild
pleocytosis with a leukocyte count of 7 cells/mm?, a nor-
mal total protein level, and absence of oligoclonal bands.
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No evidence of intracerebral IgG synthesis (IgG ratio 1.42,
QAIb 3.09, IgG index 0.46), or a viral or bacterial infection
was found. After high-dose intravenous prednisolone
therapy, no cells were detected in the CSF, and a regression
of the extrapyramidal symptoms and pathological EEG
changes was observed. The patient’s memory deficits,
however, continued to worsen. She had previously worked
as a public school teacher, but then required care in a
nursing home. At age 42, curative hysterectomy for ovarian
carcinoma (T2b N1 MX) and postoperative chemotherapy
were carried out. As the disease progressed, severe dis-
orientation regarding place and time, as well as other
memory deficits became increasingly apparent. Repeated
CSF analyses revealed no pathological findings. However,
cMRI showed a clear increase in signal intensity in the
cortical areas of both temporal lobes (left more than right)
(Fig. 1). At 43 years of age, the patient was completely
disoriented, unresponsive, and had no spontaneous speech.
In addition, urinary and stool incontinence, a reverse sleep/
wake cycle, stereotypic behaviour, and symptoms of
frontal lobe disinhibition such as bulimia, compulsion to
collect objects, and hypersexuality developed.

At one point, a generalized epileptic seizure with focal
onset in the right hemisphere was observed. Follow-up
cMRI showed a pronounced increase in cortical signal
intensity in the absence of contrast medium uptake (Fig. 2).
CCT was read as normal. To exclude potential metabolic
(e.g. Wilson’s disease, thyroid disease, vitamin deficiency)
and neoplastic/paraneoplastic causes of the symptoms, CT

Fig. 1 Signal changes in the cMRI of the sister. The T2-weighted
image of the sister demonstrates an abnormal cortical signal increase
in the temporal lobes, mainly on the left side
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Fig. 2 Follow-up cMRI of the sister. The follow-up MRI-examina-
tion of the sister showed a marked increase in cortical signal
abnormalities—with expansion also into the frontal and parietal lobes
and relative sparing of the occipital lobes

scans of the chest, abdominal ultrasound and different
blood test were performed. No pathological findings were
revealed. After occurrence of a limb-kinetic apraxia,
hyperoral behaviour, and “central fever” up to 40 °C, the
completely aphasic patient died at the age of 45 years.

Neuropathology and genetics

Macroscopic examination of the brain (unfixed weight
1,440 g) showed only mild arterial sclerosis in the arteries
of Willis. Samples for histology were obtained according to
BrainNet standard [1]. Histological analysis of the cerebral
neocortex revealed widespread spongiform change in the
neuropil. In addition, pronounced neuronal loss and astro-
cytic gliosis were seen. Marked spongiform changes
accompanied by gliosis and neuronal loss were also found
in the dentate gyrus and the pyramidal cell layer of the
hippocampus, the subiculum, and in the entorhinal cortex.
In the cerebellar cortex, the Purkinje cells were relatively
well preserved but the Bergmann glia showed a prolifera-
tion. No indication of inflammatory changes or atypical
cells was found. For immunohistochemical prion protein
analysis, the tissue was pretreated by hydrolytic autoclav-
ing (2 mM HCI). Neither immunohistochemistry (IHC)
with the monoclonal antibody (mAb) Go6138 (epitope
144-155) nor paraffin-embedded tissue (PET) blot analysis
with various anti-prion antibodies (mAb 12F10: epitope
153-163 [7], mAb 3F4: epitope 109-112 (kindly provided
by Michael Beekes, Robert-Koch Institute, Berlin,

Germany) and mAb Go6138 [8]) revealed any Prp5°
deposits in the cerebral neocortex or cerebellum [8, 19].
However, abundant tau protein deposits were found in the
hippocampal formation. The examined tissue appeared to
be devoid of A-beta plaques with Bielschowsky's silver
staining. Molecular genetic analysis of DNA extracted
from formalin-fixed brain sections was negative for a point
or an insertion mutation in the PRNP [23]. The determi-
nation of the codon 129 polymorphism of the prion protein
gene of the sister could not be realized due to the lack of
sample material.

Case history of the brother
Clinical findings

Five years after the sister’s onset of the disease the brother
developed cognitive deficits. Since their adolescence they
lived 200 km apart from each other with rare personal
contact. After a 1-year history of progressive short-term
memory deficits and spatial disorientation, the 47-year-old
patient underwent neurological examination, which
revealed normal clinical neurological findings. EEG,
transcranial Doppler ultrasound, and T1- and T2-weighted
cMRI were also unremarkable. At 48 years of age, the
patient, who had until then worked as a numismatist,
became unable to work due to concentration and sleep
problems. Another cMRI examination showed slightly
enlarged frontal sulci, but all other findings were normal
for his age. A thorough neurological and psychiatric
examination at age 49 revealed impaired orientation
regarding time and place, concentration and attention def-
icits, and mild depression. The Mini-Mental State exami-
nation score was 25/30 points. No focal neurological
deficits were found on examination. Comprehensive labo-
ratory tests included screening for vasculitis and various
viral infections, as well as CSF analysis, all of which were
unremarkable. Cerebral MRI (T2-weighted images), how-
ever, demonstrated a bilateral increase in signal intensity in
the region of the hippocampal formation, but no uptake of
contrast medium. By the age of 51 years, his clinical
symptoms had worsened, and the patient no longer recog-
nized his family. His spontaneous speech was confined to
stereotypic utterances. Global aphasia and echolalia were
present. In addition, disinhibited exploration, hyperoral
behaviour, and runaway tendencies were observed. Repe-
ated CSF analyses revealed normal cell count (1/mm3),
normal total protein level (311 mg/dl), normal IgG index
(0.69) and absence of oligoclonal bands in CSF led to the
detection of unspecific IgG autoantibodies against neuronal
proteins. No 14-3-3 proteins were present, and the neuron-
specific enolase (14 ng/ml; normal range <25 ng/ml), the
Tau protein (412 pg/ml; normal range <450 pg/ml) and the
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beta-amyloid; 4,—Ilevel (616 pg/ml; normal range >450
pg/ml) were just within normal range. The EEG showed
low-amplitude mixed alpha/beta frequencies. A whole-
body positron emission tomography (PET) scan and specific
marker for tumour screening, complete blood count,
electrolytes, renal, liver and thyroid values, vitamins, cop-
per and ceruloplasmin revealed no pathological findings.
However, [18F]-2-fluoro-2-deoxy-p-glucose (FDG) PET
imaging revealed extensive glucose hypometabolism in the
temporal region (left more than right) and in the left frontal
region. Pronounced diffuse cortical increased signal with
bitemporal focus and involvement of the entire hippocam-
pus, partial bilateral involvement (left more than right) of
the cortex in the frontobasal and medial temporooccipital
regions, and mild involvement of the parietal cortex on the
left side (Fig. 3) were seen on cMRI. Some weeks later, the
patient died at 51 years of age because of staphylococcal
sepsis.

Neuropathology and genetics

Histological analysis revealed marked spongiform changes
in the form of small vacuoles in the cortical gray matter
(Fig. 4a, b). Neuroanatomical sites had been taken
according to BrainNet standard [1]. No large confluent
vacuoles were seen. Parts of the cortex appeared larger
than normal rather than smaller. The spongiform changes
were most pronounced in the limbic cortex and less

Fig. 3 Signal changes in the cMRI of the brother. The brother’s T2-
weighted MRI exam revealed a similar pattern mainly affecting the
temporal lobes—additional cortical abnormalities of the frontal and
parietal lobes and a relative spearing of the occipital lobes
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pronounced in the region of the visual cortex. In addition,
moderate gliosis and slight to moderate neuronal loss were
observed. Massive spongiform pathology, moderate gliosis,
and moderate neuronal loss were also present in the
archicortex of the hippocampal formation. Basal ganglia,
thalamic nuclei, midbrain, brain stem, and cerebellum were
almost unaffected by these changes. No prion protein
deposits were detected by immunohistochemical analysis
and PET blot with the antibodies named above. The rou-
tinely performed Western blot [21] with mAb 3F4 on
frontal and occipital cortex samples, including several
proteinase K concentrations, did not reveal a typical prion
pattern (Fig. 5). Western blotting with mAb 1E4 (epitope
97-108) (abcam®, Cambridge, UK) with the same pro-
teinase K concentrations confirmed the absence of a
“protease-sensitive prionopathy” [3]. Additional Western
blots using mAbs 12F10 and 3B5 (epitope 62-91) [7] were
devoid of pathological prion protein (data not shown).
Likewise, we could not detect prion aggregates with a
membrane adsorption assay [21], which we use routinely in
the National Reference Center for spongiform encepha-
lopathies (Department of Neuropathology) and which
comprises a sensitivity comparable to the PET blot (Wem-
heuer et al. to be published elsewhere).

Furthermore the RT-QulC (real-time quaking-induced
conversion) analysis was seeded with CSF derived from the
brother, a negative control and a positive (sCJD) control.
The method reproduces a template-directed conformational
change of PrP¢ to PrP5¢. Using 10,000 rfu (relative fluo-
rescence units) at 90 h, the analysis revealed a negative
RT-QulC response comparable to a non-prion disease
control (Fig. 6). The RT-QulC analysis has a sensitivity of
>90 % and a specificity of approximately 98 % [10].

Pronounced reactive astrocytic and microglial gliosis
were present in the cortical areas affected by spongiform
degeneration. Abundant tau protein deposits were found in
the hippocampal formation (PET blot; Fig. 4c). With
immunhistochemical staining methods we found few dif-
fuse A-beta plaques, cerebral amyloid angiopathy and
single neuritic plaques corresponding to CERAD classifi-
cation A [12], i.e., the lowest grading, in the cortex (mAb
6E10, Calbiochem, Germany). Molecular genetic analysis
of the PRNP using the SSCP (single-strand conformational
polymorphism) technique and direct sequencing showed no
mutation in the coding region [23]. The full genomic
sequencing of the PRNP (2 exons and 13 kb intron,
4,666,882-4,682,236 nt, chromosome 20; Reference
sequence: CCDS Database CCDS13080.1) revealed only
six known single nucleotide polymorphisms (SNP) within
the intron without evidence to be pathogenic (rs35519959
C/T, 151931969 G/T, rs6116471 A/G, rs4815729 A/G,
rs6052769 G/T, rs6107515G/T; www.ncbi.nlm.nih.gov/
SNP). To investigate whether the brother has a duplication
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Fig. 4 Pathological changes in
the brother. Pathological
changes in the temporal cortex
and hippocampus (a, b): dense
spongiform changes throughout
all cortical layers, nerve cell
loss, but little gliosis can be
seen in the temporal cortex

(a H/E, bar = 500 pm; b H/E,
bar = 50 pm). With the PET
blot abundant distinct tau
deposits are detectable in the
hippocampus and temporal
cortex from the brother [¢ mAb
ATS8 (Thermo Scientific,
Schwerte, Germany),

bar = 1 mm], but not in a tau-
negative case (d cingulate
gyrus, mAb ATS8, bar = 1 mm)

M M 1 MVZ #2 neg.Co #2 neg.Co #2 negq.Co #2
PK 50pg/ml 50pg/ml  25pg/ml  12,5ug/ml
+ + -+ + + + + +

20kDa—

150ug 112ug 150ug 212ug brain wet weight

Fig. 5 Western blot of the frontal cortex sample of the brother with
mAb 3F4. Frontal cortex of the brother (#2) is devoid of pathological
prion protein as demonstrated here by Western blotting with mAb 3F4
(1:3,000). Several concentrations of proteinase K (PK) were used to
digest the physiological prion protein visible in lane 3. As positive
controls frontal cortex samples of two CJD cases were used: one
homozygous at codon 129 (PRNP) for methionine and displaying
prion type 1 (MM1), and the second with methionine/valine at codon
129 and prion type 2 (MV2) according to Parchi [15]

of the PRNP gene, genomic DNA was subjected to South-
ern blot analysis [18]. The latter showed a ~10.3 kb single
genomic fragment upon digestion of the brother DNA
sample with BamHI restriction enzyme and a ~5.8 kb
single genomic fragment using EcoRI restriction enzyme.
These results indicate that there is no genomic duplication
of PRNP.

At codon 129 of the prion protein gene, homozygosity for
methionine was found. From the patient DNA sample, all
coding exons and the adjacent intron regions of the MAPT
(microtubule-associated protein tau) -gene were amplified
by PCR and sequenced with corresponding primers [17]. A
mutation in the MAPT-gene could be excluded.

Family history

In addition to the siblings described in this case report,
there is a 52-year-old brother who is healthy so far.
Another brother died as a young adult in a car accident.
The parents died in an avalanche accident at 40 years of
age. The father did not have any siblings, while the mother
had three brothers. One brother died young in the war. The
two other brothers, 73 and 71 years of age, respectively, do
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Fig. 6 RT-QulC analysis from
CSF of the brother. Real-time
quaking-induced conversion
response from CSF seeded
reactions. RT-QulC analysis
from CSF samples (LP 1 and 2)
derived from the brother
showed a negative RT-QulC-
response comparable to control
patients without prion disease.
A positive control (RT-QuIC
reaction seeded with CSF from
a sCJD patient) is also shown.
Each point represents the mean
thioflavin T fluorescence signal
of three replicates
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not have memory deficits. The grandparents on the
mother’s side died at an old age (grandmother at 87,
grandfather at 80 years of age). They were not known to
have had dementia, nor were the grandparents on the
father’s side (grandmother died at 80 years of age, grand-
father died young in the war).

Discussion

Both siblings had a spongiform encephalopathy and died of
the disease, but no abnormal PrP5 aggregates were
detectable on neuropathological and biochemical exami-
nation. A mutation in the coding region of the prion protein
gene was excluded. We summarized the clinical and
diagnostic characteristics of the siblings in Table 1. A
detailed search of the literature showed no other cases with
similar clinical and neuropathological findings. The diag-
nosis of the patients reported here is not clear in all detail.
Similarities of clinical and pathological features presented
by both patients led to the assumption of a genetic disorder.
Based on the spongiform changes in the cortex that were
found post mortem, a prion disease was discussed. How-
ever, no PrP5° deposits were detected and no mutation was
found in the PRNP. In addition, these two cases clearly
differ from CJD cases in terms of clinical neurological
symptoms (see below) and supplementary diagnostic
findings (e.g., 14-3-3 protein negative, no increased signal
of the basal ganglia, no periodic sharp wave complexes in
the EEG).

With 39 and 46 years of age, the onset of the disease in
our two patients was earlier compared to a median age of
66 years observed in sCJD patients [5]. The -clinical
symptoms of sCJD, which, according to the classification
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criteria [22, 24, 25], are characterized by rapidly progres-
sive dementia with less than 2 years of duration and a
neurological multisystem disorder with symptoms such as
myoclonus or cerebellar ataxia, were not met at any time
during the disease process in contrast to the reported sib-
lings with a prion disease who also lacked any mutation in
the PRNP [20]. Both siblings slowly developed memory
deficits, especially short-term memory deficits, and spatial
disorientation. After 4 and 5 years, respectively, the con-
dition of the two patients deteriorated rapidly, resulting in
complete disorientation, global aphasia, and echolalia.
Later in the disease both patients showed disinhibited
exploration, hyperoral behaviour, and the tendency to
escape.

The disease duration in our patients (5 and 6 years,
respectively) is considerably longer than in sCJD patients
(6 months on average) [16]. This still holds even for
young sCJD patients below 50 years of age, whose dis-
ease duration is 16 months on average [2]. Frequently,
patients with familial prion diseases present an early onset
of the disease and longer disease duration. Moreover, the
clinical symptoms are less specific and the technical
diagnostic tests are less sensitive in these patients com-
pared to sCJD [5], but the presence of a mutation in the
coding region of the PRNP of either sibling was excluded
using SSCP analysis, or direct DNA sequencing [14, 23].
Furthermore in case of the brother a full genomic
sequence analysis of the PRNP (specific for a 15,354 bp
sequence) revealed only six known single nucleotide
polymorphisms (SNP) within the intron without evidence
to be pathogenic.

Recently, an analysis of variably protease-sensitive
prionopathy cases without mutations in the PRNP open
reading frame were published [26], but the clinical
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Table 1 Clinical and diagnostic findings

Characteristics Sister Brother
Age at onset 39 46
Disease duration (years) 6 5

First symptoms
Spatial disorientation

Later symptoms
Hyperoral behaviour
Stereotypic behaviour

Short term memory deficits

Frontal lobe disinhibition symptoms

Short term memory deficits

Spatial disorientation

Frontal lobe disinhibition symptoms
Hyperoral behaviour

Limb kinetic apraxia

Protein 14-3-3 in CSF Not determined Negative
EEG No PSWCs* No PSWCs*
MRI No hyperintense basal ganglia No hyperintense basal ganglia

Cortical increased signal (temporal)

Neuropathology Spongiform changes
Tau protein deposits
No AB deposits
No detection of PrP%°
Genetic No PRNP mutation

Cortical increased signal (temporal)
Spongiform changes

Tau protein deposits

Few AR deposits

No detection of PrP°

No PRNP mutation

No MAPT mutation

* Periodic sharp wave complexes

symptoms in the codon 129-MM subgroup with 71 years at
disease onset (mean), a progressive motor decline with
cerebellar and extrapyramidal symptoms and myoclonus
and no signal changes in the MRI are not similar to our
cases.

The cMRI has been included in the classification criteria
for CJD [24]. Characteristic MRI lesion patterns include
hyperintense signals in the basal ganglia (in particular in
the caudate nucleus and putamen) and in the cortex (tem-
poral—parietal-occipital) [11, 24]. The MRI findings of
both siblings showed comparable changes with an increase
in signal intensities especially in the left temporal cortical
region. A comparison of the siblings’ follow-up MRI scans
not only suggests that they had the same disease, but also
that the changes observed originated from the cortex of the
medial temporal lobe and hippocampal formation. In
addition, there was no uptake of contrast medium that
could have indicated inflammatory or neoplastic diseases.
Although the changes seen on MRI may suggest a wide
range of differential diagnoses, epileptic, ischemic, neo-
plastic, or inflammatory diseases can be excluded based on
clinical disease course, CSF analyses, EEGs, and neuro-
pathological findings.

Spongiform changes, gliosis, and neuronal loss did not
differ in their morphological appearance from CJD chan-
ges. In CJD, too, spongiform degeneration may be pro-
nounced, while gliosis and neuronal loss are less
pronounced. Since the basal ganglia were unaffected (in
neuropathological investigation and cMRI), it is not likely
that the siblings had one of the known forms of CJD.
Whenever marked spongiform changes are seen in the

cortex of patients with CJD, the anterior striatum and
putamen are also severely affected. In addition, cerebel-
lum, midbrain, and brainstem were inconspicuous, except
for the presence of mild gliosis in the pons region. Typical
prion protein deposits were not detectable by immunohis-
tochemical analysis, PET blot, Membrane Adsorption
Assay or Western blot, but abundant tau protein deposits
were present. Additionally, the RT-QulC response was
comparable to a nonprion disease control [10]. Patients
suffering from Kliiver-Bucy syndrome, which is caused by
bilateral temporal lobe damage, present signs of frontal
disinhibition such as hyperoral behaviour and memory
deficits [4]. The clinical signs and symptoms of the patients
presented here resemble those seen in frontotemporal
dementia, which is defined by personality changes, apathy,
and signs of frontal disinhibition such as hyperoral
behaviour, impoverishment of speech and, later in the
disease, development of dementia. After disease onset,
mostly in the fifth decade, the disease progresses over a
period of about 8 years, and in 40-50 % of these patients,
the family history is positive [13]. The MAPT-gene anal-
ysis of the siblings offered no mutation.

In the two cases reported here, the disease aetiology
remains unclear, but the findings support the assumption of
a neurodegenerative process and most likely a genetic
disease. As only the brother, but not the sister presented
with few A-beta deposits in the cortex, we assume that
these did not influence the clinical presentation. From a
neuropathological point of a view, the disease is most
likely to be classified as “familial tau-related spongiform
encephalopathy”.
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