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ABSTRACT. Introduction. The role of positron emission tomography (PET) in Creutzfeldt-Jakob
disease is less defined than in other neurodegenerative diseases. We studied the correlation between
the uptake of 18F-florbetaben and 18F-fluorodeoxyglucose with pathological prion protein deposition
in histopathology in a case.
Methods. A patient with 80 y old with a rapid neurological deterioration with a confirmed diagnosis
of CJD was studied. PET and MRI studies were performed between 13–20 d before the death.
A region of interest analysis was performed using Statistical Parametric Mapping.
Results. MRI showed atrophy with no other alterations. FDG-PET showed extensive areas of
hypometabolism including left frontoparietal lobes as well as bilateral thalamus. Correlation between
uptake of 18F-florbetaben and pathological prion protein deposition was r D 0.786 (p < 0.05).
Otherwise, correlation between uptake of 18F-FDG and pathological prion protein was r D 0.357 (p D
0.385). Immunohistochemistry with b-amyloid did not show amyloid deposition or neuritic plaques.
Conclusions. Our study supports the use of FDG-PET in the assessment of CJD. FDG-PET may be
especially useful in cases of suspected CJD and negative MRI. Furthermore, this case report provides
more evidence about the behavioral of amyloid tracers, and the possibility of a low-affinity binding to
other non-amyloid proteins, such as the pathological prion protein, is discussed.
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INTRODUCTION

Creutzfeldt-Jakob disease (CJD) is a rapidly
progressive neurodegenerative disorder. It is the
most common of the human prion diseases,
which may be sporadic, inherited or acquired by
infection.1 Diagnosis is based on 3 main tests:
brain magnetic resonance imaging (MRI), elec-
troencephalogram, and 14–3–3 protein on CSF.
The presence of a suggestive clinical picture
with at least one of the previously mentioned
test positive allows qualifying the diagnosis as
“probable”.2 However, definitive diagnosis can
only be confirmed by brain tissue examination,
usually after death, when the 3 histopathological
hallmarks of prion disease, neuronal loss, vacuo-
lation, and gliosis, are observed.

Recently, 18F-fluorodeoxyglucose positron
emission tomography (18F-FDG) has been sug-
gested to be useful in the diagnosis of CJD.3-6

A pattern of subcortical and cortical hypome-
tabolism has been reported. This pattern may
be variable in the individual cases, but usually
impairs large brain regions including more fre-
quently caudate, thalamus and frontal cortex.6

Few studies have been published comparing
the diagnostic capacity of MRI and FDG-PET
in CJD, and the possible contribution of FDG-
PET to clinical diagnosis and to improve the
current diagnostic criteria is still under discus-
sion.7 Regarding PET with amyloid tracers,
some cases have been communicated, with dif-
ferent results according to the tracer used.8,9

Amyloid prion protein plaques may be present
in some variants of CJD and other prion dis-
eases, and experimental studies have shown the
binding of some thioflavin and Congo red deri-
vates to plaques of prion protein.10 Overall,
these data suggest a potential use of FDG-PET
and amyloid tracers in CJD and other prion dis-
eases, although evidence is still scarce.

Amyloid tracers offer the opportunity to
detect b-amyloid plaques in vivo. However,
these tracers also bind to the normal white

matter, a non-amyloid related structure. Thus,
we hypothesize that amyloid tracers may be not
entirely selective and may bind to other pro-
teins deposited in neurodegenerative diseases.
We present the case of a patient with autopsy-
confirmed CJD studied with 18F-FDG and 18

F-florbetaben PET. In this case, PET imaging
was performed very close to death. This permit-
ted to assess the correlation between the uptake
of 18F-florbetaben and pathological prion pro-
tein in brain tissue examination.

METHODS

Acquisition, Preprocessing and Analysis
of PET Imaging

PET images were acquired in a PET-CT Sie-
mens Biograph True Point platform. 18F-FDG
was administered at a dose of 185 MBq
30 minutes before images were taken. The
patient fasted for 6 hours, and glucose level
was checked before the injection. Images were
acquired for 15 minutes. CT parameters were
130 kVp, 40 effective mAs, and 1 rotation.
Slice thickness was 3 mm, reconstruction inter-
val was 1.5 mm, and pitch was 0.75 mm. The
true X method with 2 iterations and 21 subsets
was used to reconstruct the images. We used a
30 cm field of view and a Gaussian filter with
FWHM of 4 mm.

18F-florbetaben was administered at a dose
of 300 MBq 90 minutes before the acquisition
of the images. Acquisition time was
15 minutes. The reconstruction was performed
using the same methodology as with FDG.

Two nuclear medicine specialists visually
analyzed images by consensus. Regarding
18F-florbetaben, we used the validated binary
method of reading.11 Images were prepro-
cessed using Statistical Parametric Mapping
software version 8 (SPM8) (The Wellcome
Trust Centre for Neuroimaging, Institute of
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Neurology, University College of London).12

Regarding the analysis of amyloid PET,
T1-weighted image was co-registered with
the 18F-florbetaben image using the normal-
ized mutual information method, with the
T1-weighted image as the reference. The
T1-weighted was warped to the reference
space of the Montreal Neurological Institute
using a T1 template to define the parameters
of normalization. Then, these parameters
were used to normalize the co-registered
PET images. Subsequently, we used the
MarsBaR software and the Automated Ana-
tomical Labeling atlas to perform a region of
interest analyses restricted to the gray mat-
ter.13 We extracted the uptake in the follow-
ing regions in the left hemisphere for the
correlation analysis with neuropathology:
precuneus, supplementary motor area, calcar-
ine cortex, posterior cingulate, anterior cin-
gulate, frontal orbital gyrus, inferior
temporal gyrus and caudate. The same proce-
dure was used for the preprocessing and
analysis of 18F-FDG images.

Brain Tissue Examination
and Quantification

Brain sections were treated for 1 hour with
98% formic acid before paraffin embedding.
Microscopic study was performed with haema-
toxylin-eosin staining as well as immunohis-
tochemistry for pathological prion protein (3F4
antibody), tau, b-amyloid, a-synuclein and
TDP-43 (Table S1).

A total of 22 sections corresponding to the
left hemisphere, including areas CERAD pri-
mary motor and sensory areas, hippocampus,
amygdala, striatum and lenticular nuclei, thala-
mus and hypothalamus, midbrain, brainstem
and cerebellum were studied.

For the study of pathological prion protein
expression, 10 fields from each of the brain
regions were analyzed. The result was the aver-
age of 10 determinations. Data are shown in
optical densities, named % immunopositive
area per field. Image J software was used to
quantify the pathological prion protein
deposition.

Statistical Analysis

Statistical analysis was performed using
IBM� Statistics version 20 for Mac.
Spearman’s coefficient was calculated to study
the correlation between the uptake of 18F-flor-
betaben and 18F-FDG and pathological prion
protein deposition in each brain region. Patho-
logical prion protein results were represented
graphically using GraphPad Prism version 5.0.
Data are expressed as mean § SD.

RESULTS

Case Description

An 80 years-old man with past medical
history of hypertension, diabetes and hyper-
cholesterolemia was admitted to our hospital
with gait disturbance. The symptoms began
3 weeks earlier with an abrupt onset of
unsteadiness and weakness of right limbs.
Gait rapidly deteriorated and at the moment
of admission the patient needed a wheel-
chair. Likewise it had involuntary move-
ments of limbs and apathy. In neurological
examination, the patient showed an inhibited
behavioral, and a disturbance in smooth pur-
suit and saccadic ocular movements, mild
hemiparesis and bilateral ataxia. Further-
more, spontaneous and action myoclonus
were present. Initial evaluation, which
included biochemical, microbiological and
immunological analyses and cranial CT scan,
was normal. Cerebrospinal fluid examination
was unremarkable aside an increased level of
proteins. Cranial MRI showed global atro-
phy, but without any other alterations. Three
electroencephalograms revealed diffuse slow-
ing with no other abnormalities. FDG-PET
(20 d before death) demonstrated large
regions of hypometabolism including left
frontoparietal lobes as well as bilateral thala-
mus (Fig. 1). 18F-florbetaben PET was also
performed (13 d before death). The patient
experimented a quickly deterioration associ-
ating apraxia, cortical sensory deficits and
finally akinetic mutism within the 3 weeks
of the patient’s hospital stay. A new MRI
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was unremarkable 15 d before death (Fig. 1).
At this time, determination of 14–3–3 pro-
tein was positive on CSF. The patient died
2 months since the beginning of the disease.
Brain tissue examination was conducted and
evidenced spongiform changes, neuronal loss
and cortical accumulation of pathological
prion protein, confirming the diagnosis of
CJD. Sequencing of PRNP gene did not
show any pathogenic variant.

18F-Florbetaben-PET Analysis

In the visual analysis, uptake in most regions
of white matter was higher than the adjacent
gray matter. However, in some regions (left
parietal and right superior temporal lobes) the
uptake in gray matter was almost equal than in
the adjacent white matter (Fig. 2).

Brain Examination

Spongiform changes, neuronal loss and
astrocytosis were observed in all of the areas,
with different intensity according to each one.
In cortical gray matter these changes were
transcortical with mild to moderate spongiosis
of small-medium vacuole, mild astrocitosis and
moderate neuronal loss. In the other areas the
changes were more diffuse. No “kuru type” pla-
ques or neuritic plaques were observed.

Immunohistochemistry with b-amyloid did
not show amyloid deposition or neuritic pla-
ques. In this regard, b-amyloid was negative in
CERAD areas, subcortical regions and vessel
walls (Fig. 3). a-synuclein immunohistochem-
istry was also negative. There were occasional
neurons with cytoplasmatic granular staining
with anti-tau. There was a mainly synaptic pat-
tern of pathological prion protein deposition. In

FIGURE 1. MRI and FDG-PET. In upper row, diffusion-weighted imaging with no alterations. In mid-
dle row, fluid attenuated inversion recovery (FLAIR) sequence showing global atrophy. In lower row,
FDG-PET imaging showed a left frontal-parietal, bilateral thalamus and cerebellar hypometabolism.
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addition, areas with high immunoreactivity
(Supplemental motor area, Precuneus) and
areas of low immunoreactivity (Caudate, Tem-
poral Inferior) were observed (Fig. 4). None
amyloid-prion protein plaques were detected.

Correlation Between 18F-Florbetaben and
18F-FDG Uptake with Neuropathology

Correlation between uptake of 18F-florbeta-
ben and pathological prion protein was r D
0.786 (p D 0.021). Otherwise, correlation
between uptake of 18F-FDG and pathological
prion protein was r D 0.357 (p D 0.385).

DISCUSSION

Our study reports the case of a patient with
sporadic CJD studied using 18F-FDG and 18F-

florbetaben PET. To the best of our knowledge,
there are no previous studies with an 18F-labeled
amyloid tracer in a prion disease and this is the
first to analyze the correlation between amyloid
PET and findings in neuropathology. The time
between the performance of amyloid PET and
the death of the patient was only 13 d. Although
CJD often presents an aggressive course, the
short time between PET imaging and death
allowed us to study the correlation between
PET tracers’ uptake and neuropathology.

Prion diseases develop because of the confor-
mational conversion of prion protein into patho-
logical prion protein and its propagation. This
conformational change is due to several modifi-
cations in the protein’s secondary and tertiary
structure. The pathological prion protein is rich
in b-sheet and trends to produce protein aggre-
gates and fibrils. This mechanism also occurs in
other proteins, such as b-amyloid.14,15

Amyloid prion plaques may be detected in
specific prion diseases, such as variant CJD and
Gerstmann-Str€aussler-Scheinker disease. How-
ever, clinical studies with amyloid tracers have
shown different ability to detect amyloid in
CJD (amyloid-prion protein plaques) according
to the tracers. Indeed, FDDNP and 11C-BF-
227 seemed to detect amyloid PrP plaques, but
not PiB 8,9,16,17,18 (Table 1). Hence, it could be
hypothesized that fluorine 18-labeled tracers
florbetapir, florbetaben and flutemetamol may
not be able to detect amyloid PrP plaques
because these tracers derive from PiB.19

Interestingly, in our case immunohistochem-
istry for b-amyloid in neuropathology was neg-
ative. In this regard, pathological prion protein

FIGURE 2. 18F-florbetaben PET imaging. Uptake tracer in white matter is generally higher than in
gray matter. In left parietal and right superior temporal lobes, tracer uptake is similar in white and
gray matter.

FIGURE 3. Frontal cortex showing no deposi-
tion of b-amyloid.
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was deposited in a synaptic pattern, but not
amyloid plaques were found. 18F-florbetaben
uptake, but not 18F-FDG, correlated with the
amount of pathological prion protein in the
examination of the brain. Current amyloid trac-
ers derive from Congo Red and Thioflavin S,
and these dyes may stain deposits of pathologi-
cal prion protein in certain cases. 20 Regarding
18F-FDG, this tracer has been recently associ-
ated to neural loss, astrocytosis and spongiosis
in a case-series of CJD.21

Therefore, our case suggests the possibility of
a low-affinity binding of the tracer to the patho-
logical prion protein. Indeed, amyloid tracers are
not totally specific for amyloid plaques, and they
also bind, for instance, to another structure such
as white matter.22,23 This may explain the
increased signal in some specific regions,
although the 18F-florbetaben uptake in this case
is lower than in Alzheimer disease patients. In

Alzheimer disease, all neocortical gray matter
regions usually show a high retention of 18F-
florbetaben.24 Due to the negativity of amyloid
stains in brain examination as well as the corre-
lation with the amount of pathological prion pro-
tein, in our case the uptake of 18F-florbetaben
may be explained by the binding of the tracer to
the pathological prion protein. The hypothetical
binding of the amyloid tracer to pathological
prion protein could be explained by the fact that
both proteins (b-amyloid and pathological prion
protein) share a fibrillar structure based on a
b-sheet conformation.25,26 These results open
the possibility to a low-affinity binding to other
non-amyloid proteins in the neurodegenerative
diseases, which might explain some false posi-
tives of the amyloid PET. However, this is a pre-
liminary study in a single case, so these results
should be confirmed in studies including more
patients.

FIGURE 4. Pathological prion protein expression in several brain regions. Immunoreactivity of
pathological prion protein in 6 regions (inferior temporal, caudate, anterior cingulate, calcarine, sup-
plementary motor area, and precuneus) is shown. Each region is observed at 1.5x and 20x magnifi-
cation. Different levels of expression (low, medium, and high) may be observed.
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Furthermore, although the patient was exam-
ined twice using MRI, no specific MRI abnor-
malities supporting the diagnosis of CJD were
observed. MRI demonstrated a sensitivity of
83% and a specificity of 83% in a multicenter
study.2 Regarding the other tests, sensitivity
and specificity was 86% and 68% for CSF 14–
3–3 protein, and 44% and 92% for EEG,
respectively. Our case confirms the existence
of a subgroup of patients with CJD in which
MRI may be repeatedly negative, and supports
the use of FDG-PET. In this regard, FDG-PET
may detect abnormalities in cortical and sub-
cortical regions without corresponding MRI
hyperintensities.27,28 Furthermore, FDG-PET
may be more sensitive than MRI, although spe-
cific comparative studies between FDG-PET
and MRI are necessary to confirm this issue.6,17

In addition, patterns of metabolism may be use-
ful in the differential diagnosis between CJD
and other prion disease as well as other neuro-
degenerative disease that may present with a
rapidly progressing dementia.28,29

In conclusion, our study supports the use of
FDG-PET in the assessment of CJD. FDG-PET
may be especially useful in cases of suspected
CJD and negative MRI. Furthermore, this case
report provides more evidence about the behav-
ioral of amyloid tracers, and the possibility of a
low-affinity binding to other non-amyloid pro-
teins, such as the pathological prion protein.
Further studies in Creutzfeldt-Jakob disease
and other neurodegenerative diseases with
deposition of fibrilar proteins are necessary to

better understand the selectivity of amyloid
tracers.
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