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Abstract

tion when it accompanies late-stage PD.

symptoms are noted during the disease course of PD.

Background: Late-stage Parkinson’s disease (PD) often presents with neuropsychiatric symptoms such as dementia,
psychosis, excessive daytime sleepiness, apathy, depression, and anxiety. However, neuropsychiatric symptoms are
the cardinal features of Creutzfeldt—Jakob disease (CJD), raising the possibility that CJD may be an overlooked condi-

Case presentation: We describe a female autopsy case of PD with a typical clinical course of 17 years, in which CJD
overlapped with PD during the final year of the patient’s life. The patient died aged 85 years. Neuropathological fea-
tures included widespread Lewy body-related a-synucleinopathy predominantly in the brainstem and limbic system,
as well as the typical pathology of methionine/methionine type 1 CJD in the brain.

Conclusions: Our case demonstrates the clinicopathological co-occurrence of PD and CJD in a sporadic patient.
The possibility of mixed pathology, including prion pathology, should be taken into account when neuropsychiatric

Keywords: alpha-synuclein, Creutzfeldt-Jakob disease, Lewy bodies, Parkinson’s disease, prion

Background

Parkinson’s disease (PD) is the second most common
neurodegenerative disease after Alzheimer’s disease,
affecting more than 2% of people aged 65 and over [1].
The clinical features of PD consist of motor dysfunction,
including bradykinesia, resting tremor, and rigidity, as
well as non-motor symptoms, such as sleep disorders,
mood disorders, sensory symptoms, olfactory dysfunc-
tion, dysautonomia, cognitive impairment, and demen-
tia. The pathological hallmarks of PD are a marked loss
of dopaminergic neurons in the substantia nigra pars
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compacta, which causes dopamine deficiency in the
striatum, and the presence of intracytoplasmic eosino-
philic inclusions known as Lewy bodies (LBs), with
a-synuclein-immunoreactive neuronal pathology in the
remaining neurons.

Creutzfeldt—Jakob disease (CJD) is a fatal neurode-
generative condition that is clinically characterized by
rapidly progressive dementia, myoclonus, and ataxia.
In terms of its pathology, the brain takes on a spongy
appearance with abnormal prion protein (PrP) deposi-
tion. CJD occurs across all human populations, with an
incidence of about 1.5 cases per million individuals per
year [2]. CJD principally occurs in the age range of 50—80
years, although it is likely that the disease is clinically
overlooked in the population older than 80 years [2].
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PD and CJD are clinically and neuropathologically dis-
tinct. Survival after a diagnosis of CJD is typically less
than 1 year [2, 3], whereas that for PD may be 10-20
years [4, 5]. Here, we report a Japanese autopsy case of
PD with a clinical course of 17 years who later developed
rapidly progressive CJD. Recent advances in immunohis-
tochemical methods have revealed a high frequency of
multiple pathologies in single cases [6, 7], and our case
adds to the literature on the co-occurrence of PD and
CJD as well as that on multiple pathologies in neurode-
generative disorders.

Case presentation

The patient was a Japanese woman who was 85 years old
at the time of death. She had no family history of neu-
rological diseases, including PD and CJD. She developed
PD at the age of 68 years, with gradual left-sided upper
extremity resting tremor, rigidity, bradykinesia, and dif-
ficulty with ambulation. Initial treatment with oral levo-
dopa at 200 mg/day yielded an excellent response. Over
a period of 8 years, because of progressive worsening of
parkinsonism along with postural instability and freezing
of gait, levodopa was gradually increased and associated
treatment with ropinirole and droxidopa was added. The
patient’s Hoehn and Yahr stage was III-IV until the age
of 84 years, when she started developing memory impair-
ment (in April 2019). The following month, she presented
with visual hallucinations and delusions of theft despite
the withdrawal of ropinirole and droxidopa and treat-
ment with an acetylcholinesterase inhibitor. Her revised
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Hasegawa Dementia Scale [8] score was 12/30 in May
2019. In June 2019, myoclonus in the face and extremi-
ties were noted in addition to the exacerbation of gener-
alized rigidity and bradykinesia; this led to nasogastric
tube feeding. She had severe dementia and her Hoehn
and Yahr stage was V, with no response to levodopa at
900 mg/day for 3 weeks. After a few months of unfavora-
ble clinical evolution, the patient developed akinetic mut-
ism in August 2019. Deep tendon reflexes were normal
and no Babinski sign was elicited. Magnetic resonance
imaging of the brain using diffusion-weighted imaging
(MR-DWI) revealed extensive cortical ribbon-like and
basal ganglia hypersignals, which were strongly consist-
ent with CJD (Fig. 1). An electroencephalogram (EEG)
was abnormal and showed diffuse slow waves with peri-
odic synchronous discharges (PSD). Cerebrospinal fluid
(CSF) examination [9] revealed elevation of 14-3-3 pro-
tein (>500 pg/mL) and total tau (>2,200 pg/mL). Real-
time quaking-induced conversion (RT-QulC) for PrP
assays were positive using CSF [10]. The patient died of
pneumonia in April 2020. The autopsy was limited to the
brain.

Neuropathological findings

An autopsy was performed 15 hours after death. The
brain weighed 1,000 g before fixation. A detailed
description of neuropathological examination methods
is provided in Supplementary Information (Additional
file 1). Macroscopic examination revealed severe diffuse
atrophy of both the cerebrum and cerebellum (Fig. 2a,

Fig. 1 Diffusion-weighted magnetic resonance imaging from 4 months after the onset of memory impairment. The magnetic resonance images
show hyperintense signals in the right lenticular and caudate nuclei (a) and right parietal cortex (b, )
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Fig. 2 Histopathology. Diffuse marked cerebral atrophy (a, b) and depigmentation of the substantia nigra (c) and locus ceruleus (d) are shown.
Post-mortem tissue staining of the frontal cortex (e, g), cerebellar cortex (f), Edinger-Westphal nucleus (h), substantia nigra (i), and cornu ammonis
2 (j) is also shown. (e, f, h) Hematoxylin and eosin staining; (g) prion immunostaining; (i, j) phosphorylated a-synuclein immunostaining. Scale bars:

b). The hippocampus was relatively spared but mildly
atrophic. The olfactory bulb showed thinning. Depig-
mentation was evident in the substantia nigra and locus
ceruleus (Fig. 2¢, d). Microscopic examination revealed
widespread, severe neuronal loss and gliosis, with bal-
looned neurons in the cerebral cortex. Fine vacuole-
type spongiform changes were detected in all layers of
the cerebral cortex that were examined (Fig. 2e). The
entorhinal and transentorhinal cortices showed severe
spongiform changes and neuronal loss, whereas the
hippocampus and subiculum showed minimal changes.
The striatum and thalamus, particularly in the medial
part, showed apparent spongiform changes. The globus
pallidus and subthalamic nucleus were generally pre-
served. In the cerebellum, the molecular layer showed
mild spongiform changes; neuronal loss was severe
in the granule cell layer and mild to moderate in the
Purkinje cell layer (Fig. 2f). In the brainstem, the locus
ceruleus and substantia nigra showed severe neuronal
loss and gliosis, while such changes were not apparent
in the inferior olivary nucleus. Immunostaining for PrP
revealed synaptic-type PrP deposition in all layers of
the cerebral cortex (Fig. 2g) as well as in the striatum,
thalamus, and cerebellar molecular and granular cell

layers. The hippocampus, subiculum, globus pallidus,
dentate nucleus, substantia nigra, and inferior olivary
nucleus also showed very mild to mild synaptic-type
PrP deposition. No plaque-type PrP deposition was
observed in the regions mentioned above. PrP depo-
sition was not observed in the cerebral or cerebellar
white matter.

LB-related a-synucleinopathy (i.e., LBs, Lewy neurites,
and neuronal intracytoplasmic inclusions that are immu-
noreactive for phosphorylated o-synuclein) was also
distributed throughout the brainstem, including in the
dorsal motor nucleus of the vagus nerve, locus ceruleus,
substantia nigra, and Edinger—Westphal nucleus. It was
also present in the nucleus basalis of Meynert and the
limbic systems, including in the olfactory bulb, amygdala,
hippocampus, and transentorhinal and cingulate corti-
ces (Fig. 2h—j). Only a few phosphorylated a-synuclein-
immunoreactive neuronal intracytoplasmic inclusions
were observed in the neocortex.

Furthermore, scattered tufted astrocytes, globose-
type neurofibrillary tangles, and coiled bodies that
were immunoreactive for 4-repeat tau but not 3-repeat
tau were observed in the inferior olivary nucleus, sub-
stantia nigra, red nucleus, superior colliculus, and



Kubo et al. BMC Neurology (2021) 21:480

periaqueductal gray matter of the midbrain, as well as in
the subthalamic nucleus, putamen, globus pallidus, and
precentral gyrus.

The level of Alzheimer’s disease-related neuropatho-
logical changes corresponded to “low” according to the
National Institute on Aging-Alzheimer’s Association
classification [11] (Thal phase for amyloid B plaques: 3
[12], Consortium to Establish a Registry for Alzheimer’s
Disease score: B [13], Braak NFT stage: II [14]). Very few
phosphorylated TAR DNA-binding protein 43 (TDP-
43)-immunoreactive neurites were observed in the uncus
of the anterior hippocampus. No argyrophilic grains were
identified.

PrP gene polymorphism and western blot studies

Gene analysis was done using genomic DNA extracted
from the autopsied brain. PCR direct sequencing for the
PRNP gene that encodes PrP revealed no mutations. The
reference sequence used for the PRNP was NM_000311.5.
Polymorphic codons showed methionine homozygosity
at codon 129 and glutamate homozygosity at codon 219.
Immunoblot analysis using anti-PrP antibody (3F4, Sig-
net, Dedham, MA, USA) on a homogenized brain sample
disclosed a type 1 pattern (Fig. 3; Supplementary Infor-
mation for the original, unprocessed full-length version
in Additional file 2).

Discussion and conclusions

In the literature, the clinical and pathological features of
six CJD patients with LBs have been described previously
(Table 1) [15-20]. Although the clinical sequence of ill-
ness is variable in CJD, a change in mental status usually
occurs before motor symptoms become apparent. Only
one case has previously been reported in which PD pre-
ceded CJD [15]; the initial clinical diagnoses of the other
five cases were Alzheimer’s disease [16], mood disorder
[17], CJD [18], mild cognitive impairment [19], and visual
hallucination/delusion [20]. Because the interval between
PD onset and CJD onset in the previously reported case
was 2.5 years, the present case is—to the best of our
knowledge—the first report of a case of PD with a typical
long clinical course who later developed neuropathologi-
cally confirmed CJD. Given that neuropsychiatric symp-
toms represent milestones of late stages of PD, usually
occurring 10-15 years after onset of parkinsonism [21],
the short interval of 2.5 years in the previously reported
case would suggest a high possibility of coexisting neu-
ropsychiatric disorders such as CJD. However, the long
course of PD in our patient meant that the diagnosis of
CJD was relatively difficult because her neuropsychiatric
symptoms could also be regarded as non-motor symp-
toms of the later stages of PD [22]. Because changes in
mental status are common to both of these conditions,
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Fig. 3 Western blot analysis of prion protein. The gel mobility of
prion protein from the present case is compared with those from

controls with Creutzfeldt-Jakob disease types 1 and 2
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identifying CJD in patients with late-stage PD can prove
challenging. There have been no systematic attempts
to estimate the incidence of their co-occurrence in sin-
gle patients; however, assuming a prevalence rate of 130
per 100,000 for PD [1] and an incidence rate of 0.15 per
100,000 per year for CJD [2], their co-occurrence would
be expected in two people per billion per year. Neverthe-
less, only two cases (including our patient; Table 1) have
been reported to have developed CJD after an established
clinical diagnosis of PD, suggesting that a number of
such cases may simply go unreported or be overlooked.
In contrast to the time interval between onset of neu-
ropsychiatric symptoms and death in PD (3-5 years [5]),
the interval is so short in CJD (< 1 year [2, 3]) that usu-
ally neither CJD patients nor their families have time
to reflect, arrange affairs, or fully anticipate the disease
progress and mortal outcome. Therefore, arriving at the
correct diagnosis as early as possible would be helpful
to patients and families. We hope that the present case
report will encourage physicians to add CJD to their list
of differential diagnoses for neuropsychiatric symptoms
during the disease course of PD, particularly in its later
stages. It is noteworthy that in a recent post-mortem
series of sixteen cases with dementia with Lewy bodies
(DLB) clinically suspected of CJD, the presence of MR-
DWI hyperintensities and/or PSD on an EEG was more
likely to distinguish CJD from DLB compared to that of
clinical signs such as myoclonus or ataxia [23]. In this
context, MR-DWI and EEG would be tests of choice for
PD patients presenting with neuropsychiatric symptoms
as well as myoclonus or ataxia. In fact, ataxia, one of the
characteristic features of CJD [2], was clinically undetect-
able in our patient due to the severe dementia and aki-
nesia in spite of the presence of pathologically extensive
cerebellar lesions, while testing MR-DWI and EEG lead
to the clinical diagnosis of CJD.

Despite the wusual limitations of cross-sectional
assessments of end-stage neuropathology, we also
found focal scattered tufted astrocytes, globose-type
neurofibrillary tangles, and coiled bodies that were
immunoreactive for 4-repeat tau in our patient; this
corresponds to the early stages of progressive supranu-
clear palsy [24]. Notably, the coexistence of the deposi-
tion of proteins such as amyloid-f, tau, and/or TDP-43
in brains with CJD with LBs has been reported in five
out of the seven published autopsy cases (including our
patient; Table 1), thus emphasizing the importance of
mixed pathologies in clinico-neuropathological stud-
ies of CJD as well as in older individuals. Indeed, it
has been noted that the comorbidity of neurodegen-
erative diseases occurs more frequently than would
be expected from the epidemiological data for each
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disease [25—27]. Molecular cross-talk among misfolded
proteins through cross-seeding might explain the fre-
quent finding of mixed pathologies [28]. Although a
causative link between PD and CJD remains poorly
understood, the possibility of cross-seeding cannot be
discounted, warranting biochemical diagnoses such
as quantification and RT-QulC for a-synuclein and
PrP [28]. In contrast, double immunohistochemistry
for phosphorylated a-synuclein and PrP exhibited no
explicit colocalization in the substantia nigra in our
case (data not shown). Moreover, PrP was stained as
the synaptic pattern in the brain regions examined as
described above, whereas phosphorylated a-synuclein
in intracellular structures including the cytoplasm and
neurites. Elucidating whether the coexistence of pro-
teinopathies in single patients is coincidental or not
could aid to understand the etiology of the comorbidity
of neurodegenerative diseases.

In conclusion, the present study demonstrated the
clinicopathological co-occurrence of PD and CJD in
a sporadic patient. The possibility of mixed pathology
should be taken into account when neuropsychiatric
symptoms develop, even in late-stage PD.

List of Abbreviations
CJD: Creutzfeldt-Jakob disease; LB: Lewy body; PD: Parkinson’s disease; PrP:
prion protein; TDP-43: TAR DNA-binding protein 43.
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