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A B S T R A C T

Introduction: The disease course of dementia with Lewy bodies (DLB) can be rapidly progressive, clinically re-
sembling Creutzfeldt-Jakob's disease (CJD). To better understand factors contributing to this rapidly progressive
disease course, we describe load and distribution of neuropathology, and the presence of possible disease-as-
sociated genetic defects in a post-mortem series of DLB cases clinically suspected of CJD.
Methods: We included pathologically confirmed DLB cases with a disease duration of 3.5 years or less from the
Dutch Surveillance Center for Prion Diseases, collected between 1998 and 2014. Lewy body disease (LBD) and
Alzheimer's disease (AD)-related pathology were staged and semi-quantitatively scored in selected brain regions.
Whole exome sequencing analysis of known disease-associated genes, copy number analysis, APOE ε genotyping
and C9orf72 repeat expansion analysis were performed to identify defects in genes with a well-established in-
volvement in Parkinson's disease or AD.
Results: Diffuse LBD was present in nine cases, transitional LBD in six cases and brainstem-predominant LBD in
one case. Neocortical alpha-synuclein load was significantly higher in cases with intermediate-to-high than in
cases with low-to-none AD-related pathology (p= 0.007). We found two GBA variants (p.D140H and p.E326K)
in one patient and two heterozygous rare variants of unknown significance in SORL1 in two patients.
Conclusion: A high load of neocortical alpha-synuclein pathology was present in most, but not all DLB cases.
Additional burden from presence of concomitant pathologies, synergistic effects and specific genetic defects in
the known disease-associated genes may have contributed to the rapid disease progression.

1. Introduction

Dementia with Lewy bodies (DLB) is a neurodegenerative dementia
characterized by parkinsonism, fluctuating cognitive symptoms, visual
hallucinations, REM-sleep behavior disorders and neuroleptic sensi-
tivity [1]. Clinical symptoms of DLB are gradually progressive, with a
median disease duration of seven to eight years [2]. However, DLB may
occasionally present with a rapid deterioration leading to death within
three years from the start of the first symptoms [3–9]. These rapidly
progressive DLB cases frequently show additional focal neurological

signs such as myoclonus, pyramidal and cerebellar signs, and akinetic
mutism [3–9]. As these neurological signs are core symptoms of
Creutzfeldt-Jakob's disease (CJD), a rapidly progressive prion disease
[10], the clinical differential diagnosis often includes CJD. In autopsy-
series of clinically possible and probable CJD cases, DLB was the neu-
ropathological diagnosis in 2–8% of cases [3–5]. To date, it is unknown
whether these cases should be regarded as a distinct entity within the
Lewy body disease (LBD) spectrum. Studying the neuropathological and
genetic correlates of this clinical phenotype may aid in a better un-
derstanding of factors contributing to the rapidly progressive disease
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course in DLB.
The main neuropathological lesions in DLB are alpha-synuclein

immunoreactive Lewy bodies (LBs) and Lewy neurites (LNs). In most
DLB cases, LB pathology is present in brainstem and limbic (transitional
LBD), or in brainstem, limbic and neocortical areas (diffuse LBD) [11].
Additionally, Alzheimer's disease (AD)-related changes including amy-
loid-β plaques, neurofibrillary pathology and neuritic plaques are often
present [12]. Neuropathological correlates of disease progression and
survival in DLB have previously been assessed in prospectively [13] and
retrospectively studied DLB [14] or combined Parkinson's disease (PD)
dementia and DLB [15] cohorts. These studies revealed that patients
with diffuse LBD had a shorter disease duration [13–15] and showed a
more rapid cognitive decline [14] than patients with transitional LBD.
Both a higher alpha-synuclein load and amyloid-β load, and to a lesser
extent also neurofibrillary pathology load, were associated with a
shorter disease duration [13].

To better understand neuropathological and genetic factors con-
tributing to a rapidly progressive disease course in DLB, we describe
here the load and distribution of alpha-synuclein pathology and con-
comitant pathology, and the presence of possible disease-associated
genetic defects in a post-mortem series of DLB cases suspected of CJD
from the Dutch Surveillance Center for Prion Diseases.

2. Methods

2.1. Patient selection

All cases clinically suspected of CJD with LBD at autopsy collected
in the period from 1998 to 2014 by the Dutch Surveillance Center for
Prion Diseases at the University Medical Center in Utrecht were in-
cluded. The Dutch Surveillance Center obtained permission for brain
autopsy and written informed consent for use of clinical, pathological
and genetic data for research purposes from the patients during life or
from their next of kin after death. The medical ethics committee
(METC) of the University Medical Center Utrecht approved all proce-
dures of autopsy. We retrieved information from medical records on
symptoms and signs of DLB and sporadic CJD as described by the
McKeith criteria and the criteria from the World Health Organization
(WHO) [10,11]. Symptoms were only regarded as present or not pre-
sent when explicitly stated in the clinical information. An experienced
neurologist (AL) classified all patients to the clinical criteria for DLB
[11] and WHO criteria for CJD [10].

Inclusion criteria for this study were: 1) presence of LBD at autopsy,
2) negative screen for prion protein at autopsy, 3) disease duration of
3.5 years or less from the start of first symptoms, 4) no other major
neurological or systemic diseases that provided sufficient explanation
for a rapid deterioration, and 5) presence of sufficient clinical data.

2.2. Neuropathological assessment

Post-mortem examination was performed within 4–8 h post-
mortem. A total of 25 tissue blocks were taken from the following re-
gions: frontal, parietal, temporal and occipital cortices, hippocampus,
striatum, thalamus, mesencephalon, pons, medulla oblongata and cer-
ebellum.

After decontamination using 98% formic acid for 5min, brain tissue
blocks were formalin-fixed, paraffin-embedded and cut into sections of
10 μm thickness. Routine histological stainings were performed with
haematoxylin-eosin, Gallyas silver staining and combined Luxol fast
blue-periodic acid-Schiff. All regions were examined for the presence of
prion protein with the use of monoclonal antibody 3F4 (1:400, Signet
labs, United States). Immunohistochemistry was performed using pri-
mary antibodies against alpha-synuclein (clone KM51; 1:500; Monosan,
The Netherlands), hyperphosphorylated tau (clone AT8; 1:1000;
Innogenetics, Belgium), and amyloid-β (clone 6f/3 d; 1:100; Dako,
United States). For staging and semi-quantitative scores of alpha-

synuclein pathology, Brain Net Europe (BNE) consensus guidelines [16]
and modified McKeith criteria [17] were used. LBs and LNs were scored
in brainstem regions, LNs in the CA2 regions and LBs in other limbic
and neocortical regions. For pathological staging of neurofibrillary
tangles, amyloid-β plaques and neuritic plaques, NIA-AA criteria were
used [17]. Mean cerebral load of alpha-synuclein, neurofibrillary and
amyloid-β pathology was calculated based on semi-quantitative load of
pathology in selected regions used for pathological staging (Supple-
mentary methods). Presence of age-related astrogliopathy (ARTAG)
[18], argyrophilic grain disease [19], atherosclerosis, ischemic or he-
morrhagic lesions and small vessel disease [17] was reported, and
cerebral amyloid angiopathy (CAA) was classified [20]. Spongiform
changes were assessed based on presence of vacuoles in the entorhinal
and temporo-occipital cortex. Neuropathological assessment was per-
formed by an experienced neuropathologist (AR), and semi-quantitative
load of pathology was scored according to consensus criteria [16,17,21]
by the same assessor (HG) in all cases.

2.3. Genetic analysis

Fresh-frozen temporal cortex was available for eleven cases
(Table 2). Genomic DNA was isolated from this tissue with the AllPrep
DNA/RNA/miRNA Universal Kit of Qiagen. The Nimblegen SeqCap EZ
Exome v.2.0 44Mb kit (Roche Nimblegen, Inc., Madison, WI) was used
on a HiSeq 2000 sequencer (paired-end 2×100) for the whole exome
sequencing (WES). We selected non-synonymous, stop-gain or stop-loss
variants in exons and variants near splice sites with a mean allele fre-
quency of< 1% in the ExAC-NFE (“Exome Aggregation Consortium-Non
Finnish Europeans”) database and the GoNL (“Genome of the Nether-
lands”) database in genes with a well-established involvement in Par-
kinson's disease (PD) (SNCA, Parkin, PINK1, DJ1, LRRK2, GBA, VPS35,
DNAJC6, RAB39B), AD (APP, PSEN1, PSEN2, SORL1, TREM2, APOE,
ABCA7) and frontotemporal dementia (MAPT, GRN). All variants in
GBA were selected regardless the mean allele frequency reported in

Table 1
Basic demographic features, clinical symptoms, ancillary investigations and
diagnoses of dementia with Lewy bodies and Creutzfeldt-Jakob's disease in
sixteen cases with dementia with Lewy bodies clinically suspected of
Creutzfeldt-Jakob's disease. PSWCs=periodic sharp wave complexes;
EEG=electro-encephalogram; MR-DWI=magnetic resonance diffusion
weighted imaging; CSF= cerebrospinal fluid.

Sex 9M/7 F

Disease duration in months
(median, range)

12 (4–42)

Age at onset (mean, SD) 77 ± 7.3
Age at death (mean, SD) 78 ± 7.3
Presence of clinical symptoms (yes/no/NA)
- Dementia 16 (100%)/0/0
- Parkinsonism 14 (88%)/2/0
- Fluctuating cognition 11 (69%)/1/4
- Visual hallucinations 12 (75%)/0/4
- Delusions 9 (56%)/0/7
- Neuroleptic sensitivity 9 (56%)/1/6
- History of depression 5 (31%)/0/11
- Autonomic dysfunction 3 (19%)/0/13
- Myoclonus 10 (63%)/1/5
- Pyramidal symptoms 6 (38%)/5/5
- Cerebellar symptoms 4 (25%)/8/4
- Akinetic mutism 3 (19%)/4/9

Ancillary investigations
- PSWCs on EEG Present in 0 of 11 cases with a reported EEG

(non-periodic bi- or triphasic complexes in
3 cases)

- Hyperintensities on MR-DWI Present in 0 of 7 cases with a reported MRI
- 14-3-3 protein in CSF 2 negative; 1 inconclusive; 2 positive of 5

cases with a reported 14-3-3 CSF test
Clinical diagnosis of DLB [11] 0 no; 3 possible; 13 probable
Clinical diagnosis of CJD [10] 7 no; 8 possible; 1 probable
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public databases. Subsequently, Sanger sequencing was performed to
validate selected variants and to exclude false-negative results in exons
and intron-exon boundaries with low coverage (< 10 reads).

Furthermore, copy dosage analysis of SNCA, Parkin, PARK7, PINK1
and APP was done using Multiplex Ligation-dependent Probe
Amplification (MLPA, MRC Holland), APOE ε genotyping using Taqman
Allelic Discrimination and C9orf72 repeat expansions analysis using a
repeat-primed PCR assay. Further details on genetic analyses techni-
ques are provided in the Supplementary Methods.

2.4. Statistical analyses

Mean and standard deviation were calculated for normally dis-
tributed continuous data (age at onset, age at death), median and in-
terquartile range was used for not normally distributed data (disease
duration) and ordinal data (load of different types of pathology).
Correlation between cerebral alpha-synuclein, neurofibrillary and
amyloid-β load was assessed with Spearman's rank correlations, and the
cerebral alpha-synuclein load in a group of cases with low-to-none
versus a moderate-to-high level of AD-related pathology was compared
using the Mann-Whitney U test. Data were considered significant if
p < 0.05. All statistical analysis were done using IBM SPSS version 22.

3. Results

3.1. Neuropathological diagnoses in all cases suspected of CJD

Of 512 consecutive autopsy cases between 1998 and 2014, autopsy
revealed a prion disease in 296 cases (58%), including 259 cases with
sporadic CJD. Neurodegenerative diseases were the most frequent al-
ternative diagnoses (48%), followed by immune diseases (17%), ma-
lignant diseases (10%), toxic metabolic disorders (10%), vascular dis-
eases (9%) and other causes (6%) (Supplementary Table S1). LBD was
found in 26 cases (12%), of whom sixteen cases fulfilled inclusion cri-
teria (Supplementary methods).

3.2. Clinical diagnosis and demographics

All sixteen cases were diagnosed during life with rapidly progressive
dementia. CJD was considered the most likely clinical diagnosis or was
included in the differential diagnosis in all cases by the treating neu-
rologists, and DLB was explicitly listed in the differential diagnosis in
eight cases. In retrospect, thirteen cases fulfilled clinical criteria for
probable DLB and three cases for possible DLB [11]. Clinical criteria
categorized one case as probable CJD, eight cases as possible CJD, and
seven cases as no CJD [10]. Median disease duration was 12 months
(interquartile range 6.5–24 months), with a mean age at onset of 77
years and a mean age at death of 78 years (SD 7.3; range 62–87 years).
Basic demographic features, clinical symptoms, ancillary investigations
and clinical diagnoses of CJD and DLB are listed in Table 1.

3.3. Distribution and load of alpha-synuclein pathology

Mild to moderate atrophy was present in 50% of cases (Table 2).
Moderate to severe neuronal loss in the substantia nigra was present in
all cases. Brainstem-type LBD was present in one case (Fig. 1, 5a-c),
transitional LBD in six cases and diffuse LBD in nine cases. Eleven cases
showed Braak alpha-synuclein stage 6 (Table 2). A large proportion of
the cases showed a moderate to severe load of alpha-synuclein pa-
thology in the substantia nigra (81%), temporo-occipital cortex (75%),
temporal cortex (56%), and frontal cortex (38%, Fig. 2).

3.4. Presence of concomitant AD-related pathology, vascular pathology and
spongiform changes

All cases showed neurofibrillary pathology, with nine cases reachingTa
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Braak neurofibrillary stage 3 or higher. One case (case 8) showed
ARTAG, none of the cases showed argyrophilic grain disease. Diffuse
and/or classical amyloid-β positive plaques were present in thirteen
cases and neuritic plaques were present in the neocortex of nine cases
(Table 2). The level of AD-related pathology was none in two cases, low
in six cases, intermediate in six cases and high in two cases (case 1 and
11; Figs. 1, 2d-e, Table 2).

Case 16 showed severe capillary CAA, Thal stage 3 (Figs. 1 and 3e).
Additionally, CAA type 2 was present in six cases. Signs of small vessel
disease were present in three cases, and severe atherosclerosis of large
vessels combined with multiple cortical and subcortical infarctions
were present in two cases (case 13 and 15). Mild to severe spongiform
cortical changes were present in twelve cases (75%) (Table 2).

3.5. Correlations between cerebral load of alpha-synuclein, neurofibrillary
and amyloid-β pathology

Cases with an intermediate-to-high load of AD-related pathology
(n=8) had a significantly higher cerebral load of alpha-synuclein pa-
thology compared to cases with no-to-low level of AD-related pathology
(n=8, p= 0.007). The load of alpha-synuclein pathology was sig-
nificantly correlated to both the load of neurofibrillary (Spearman's rho
0.757; p= 0.001) and amyloid-β pathology (Spearman's rho 0.707;
p=0.002).

3.6. Presence of genetic defects and their neuropathological correlates

In three of the eleven cases (45%) analyzed, possible disease-asso-
ciated variants were detected in genes with a well-established in-
volvement in PD or AD (Supplementary Table S2).

In case 7, a rare variant and a common variant were detected in GBA
(p.D140H and p.E326K) and confirmed by Sanger sequencing. E326K
and E326K + D140H variants have been associated with a more rapid
cognitive decline in PD [22,23]. At autopsy, case 7 showed a high load
of neocortical alpha-synuclein and a low level of AD-related pathology
(Figs. 1, 4a-e).

Additionally, the p.R1799Q and p.D140N variants in SORL1 were
found in case 2 and 13 respectively, and confirmed by Sanger sequen-
cing. These variants have an allele frequency of 0.005% and 0.03% in
the GnomAD respectively. The p.D140N variant is predicted to be pa-
thogenic by half of the in silico programs, whilst the p.R1799Q variant is
predicted to be likely benign by the majority of programs. The case with
the p.D140N variant showed an intermediate level of AD-related pa-
thology, whereas the case with the likely benign p.R1799Q variant
showed only a low level of AD-type pathology.

No SNCA, Parkin, PARK7, PINK1 or APP dosage abnormalities and
no pathogenic C9orf72 repeat expansions were found. Three cases
carried an APOE ε4 allele, of which one had no AD-related pathology
and two had an intermediate level of AD-related pathology (Table 2).

4. Discussion

Until now, few studies have reported the neuropathological char-
acteristics of DLB cases suspected of CJD. Here, we describe neuro-
pathological and genetic features in sixteen of these cases collected by
the Dutch Surveillance Center for Prion Diseases. A high load of neo-
cortical alpha-synuclein pathology was present in most, but not all DLB
cases, and cases showed a variable load of AD-related pathology. We
found two GBA variants in one patient and two heterozygous rare
variants of unknown significance in SORL1 in two patients.

In the current study, ten cases retrospectively fulfilled clinical cri-
teria for possible or probable CJD, and all cases retrospectively fulfilled
clinical criteria for possible or probable DLB, with a median disease

duration of 12 months. The overlap of clinical symptoms in cases with
rapidly progressive dementias is well-known, and it has been proven
difficult to discriminate rapidly progressive DLB and CJD based on
clinical symptoms and signs [3–5,7].

The neuropathological correlates of rapidly progressive DLB have
only been studied in few case-studies and very small case-series.
Transitional LBD was present in four cases, and diffuse LBD in 16 out of
20 cases described [4,7,8,24]. The level of AD-related pathology ac-
cording to the National Institute on Aging – Alzheimer Association
(NIA-AA) [17] ranged from none to severe [7–9]. Additionally, con-
comitant pathology included argyrophilic grain disease [7], TDP-43
positive inclusions [8], atherosclerosis [8], infarctions [8], small vessel
disease [7–9], congophilic amyloid angiopathy (CAA) [7], and a sub-
arachnoidal hemorrhage [8]. In conclusion, the neuropathology de-
scribed in these cases was variable, but studies were small with het-
erogeneous inclusion criteria.

In 56% of DLB cases suspected of CJD in the current study, the
neuropathology was characterized by diffuse LBD, with an intermediate
to high load of alpha-synuclein pathology in neocortical regions. In
comparison, a previous large post-mortem series of 807 DLB cases
(mean disease duration 8.8 ± 4.0 years) revealed diffuse LBD in 57%
of the cases [14]. However, due to differences in case selection, a direct
comparison of different cohorts should be interpreted with caution
[25]. Although diffuse LBD has been related to a more rapidly pro-
gressive disease course in DLB [13,14] and LBD [15], our results show
that the pathological correlate of rapidly progressive DLB can be tran-
sitional LBD or even brainstem-predominant LBD.

The load of AD-related pathology varied from none to severe in this
study. A negative correlation between load of AD-related pathology and
survival in DLB has been shown by neuropathological studies [13,15]
and a recent CSF biomarker study [26]. However, the current study
shows that DLB symptoms can also progress rapidly in cases with little
concomitant pathology. Also, concomitant vascular pathology was
present in several cases, which may have added to disease progression.

Spongiform changes were found in 75% of cases in the current
study, which is in line with a previous post-mortem study of 40 DLB
cases, where 82% showed spongiform changes [27]. In this study, there
was no correlation between spongiform changes and disease duration
[27], which is corroborated by the low frequency of severe spongiform
changes in the current series. The heterogeneous neuropathology in our
cases is in line with previous reports on the presence of neuropatho-
logical hallmarks in DLB cases suspected of CJD [7–9], and with the
neuropathology of DLB cases in general [13,14].

In this study, a higher alpha-synuclein load was associated with a
higher load of AD-related pathology. This is in line with results from
previous autopsy studies, that revealed a correlation between alpha-
synuclein pathology and AD-related pathology in LBD [15], and DLB
[13] cases. Together with evidence from in vitro and animal cross-
seeding experiments, this suggests synergistic interactions between
hyperphosphorylated tau, amyloid-β and alpha-synuclein aggregates
[28].

The relation between genetic defects and a rapidly progressive
phenotype in DLB has been understudied. In a few rapidly progressive
DLB cases, a genetic screening has been performed, without finding
evidence for presence of genetic defects [8,24].

Interestingly, in one diffuse LBD case with a low level of AD-related
pathology, a combination of two genetic variants was found in GBA
(p.D140H and p.E326K). This combination of variants has been de-
scribed before in Gaucher disease [23] and PD [22]. PD carriers of the
p.E326K variant and the D140H + E326K complex allele were shown
to have a faster cognitive decline than non-GBA associated PD cases
[22]. As GBA variants have been shown to be associated with more
severe motor and cognitive dysfunction in DLB [29], these variants may
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have contributed to the rapid cognitive decline.
Furthermore, two other heterozygous variants in the SORL1 gene

(p.D140N and p.R1799Q) were observed in two different cases.
According to recent criteria for SORL1 variants in AD, both variants are
categorized as ‘likely benign’ [30]. However, as these criteria have been
adopted for AD, the role of these variants in DLB disease progression is
still uncertain.

Limitations of the current study are the small sample size, limited
availability of tissue for genetic analysis, inclusion of cases based on
clinical referrals, and the retrospective nature of the clinical data.
Additionally, rapid clinical deterioration in DLB can be induced by a
hypersensitive reaction to neuroleptic treatment, which may be mis-
interpreted as signs of CJD [6]. This iatrogenic cause of disease pro-
gression may play a role in some cases in this study. Studies in larger,

prospectively followed cohorts of patients are needed to draw more
generalizable conclusions on the neuropathological or genetic sub-
strates of rapid disease progression in DLB, especially regarding the
clinical and pathological heterogeneity in this group of patients.
However, this may be difficult to realize in clinical practice, as DLB
cases clinically suspected of CJD are very rare.

In short, a high load and neocortical distribution of alpha-synuclein
pathology is present in some, but not all DLB cases in this post-mortem
series. This suggests that a different set of factors contribute to the ra-
pidly progressive disease course in cases with no or a low load of
neocortical alpha-synuclein pathology. Additional burden from pre-
sence of concomitant pathologies, synergistic effects and specific ge-
netic defects may have contributed to the disease progression in some
cases. Understanding which factors contribute to a rapid disease

Fig. 1. Representative overview of the neuropathological features visualized with immunohistochemistry in sixteen cases with dementia with Lewy bodies clinically
suspected of Creutzfeldt-Jakob's disease. Load of alpha-synuclein pathology was high in limbic and neocortical regions in most cases (1b-4b, 1c-4c), but a few cases
only showed brainstem-predominant (5a-c) or transitional Lewy body disease (LBD). Neurofibrillary and amyloid-β pathology were absent or low in some (1d-e, 4d-
e, 5d-e), but severe in other cases (2d-e). One case showed severe capillary cerebral amyloid angiopathy (3e). A case with two GBA variants (p.D140H and p.E326K)
showed diffuse LBD (4a-c) and low levels of Alzheimer's disease (AD)-related pathology (4d-e). One case showed nigral degeneration and brainstem-predominant
LBD (5a-c) without signs of AD-related pathology (5d-e).
Representative microscopy images from case 4 (1a-e), 11 (2a-e), 16 (3a-e), 7 (4a-e) and 10 (5a-e). Immunohistochemistry against alpha-synuclein (clone KM51) was
performed on a: substantia nigra, b: trans-entorhinal cortex and c: temporal cortex. d: Immunohistochemistry against hyperphosphorylated tau (clone AT8) on
temporal cortex. e: Immunohistochemistry against amyloid-β (clone 6f/3d) on temporal (1e, 2e, 4e and 5e) and frontal (3e) cortex. The scale bar in 5a represents
50 μm and applies to 1a-5a, 1b-5b and 1c-5c. The scale bar in 5d represents 50 μm and applies to 1d-5d. The scale bar in 5e represents 100 μm and applies to 1e-5e.
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progression in DLB could aid in the search for biomarkers that enable
clinicians and researchers to select patients for therapeutic strategies.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.parkreldis.2019.02.011.
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