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Abstract

To gain a better understanding of the significance of α-synuclein pathology during disease 
progression in Parkinson’s disease, we investigated whether 1) nigral neuronal loss in incidental 
Lewy body disease and Parkinson’s disease donors is associated with the local burden of α-synuclein 
pathology during progression of  pathology; 2) the burden and distribution of α-synuclein pathology 
are related to clinical measures of disease progression. 

Post-mortem tissue and medical records of 24 Parkinson’s disease patients, 20 incidental Lewy body 
disease donors and 12 age-matched controls were obtained from the Netherlands Brain Bank for 
morphometric analysis.

We observed a 20% decrease in nigral neuronal cell density in incidental Lewy body disease 
compared to controls. Nigral neuronal loss (12%) was already observed prior to the appearance 
α-synuclein aggregates. The progression from Braak a-synuclein stage 3 to 4 was associated with 
a significant decline in neuronal cell density (46%). Nigral neuronal loss increased with later Braak 
α-synuclein stages but did not vary across consecutive Braak α-synuclein stages. We observed a 
negative correlation between neuronal density and local α-synuclein burden in the substantia nigra 
of Parkinson’s disease patients (ρ = -0.54), but no relationship with Hoehn & Yahr stage or disease 
duration. 

In conclusion, our findings cast doubt upon the pathogenic role of α-synuclein aggregates in elderly, 
but do suggest that the severity of neurodegeneration and local burden of α-synuclein pathology are 
closely coupled during disease progression in Parkinson’s disease.
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Introduction

Progressive neurodegeneration of dopaminergic neurons in the substantia nigra (SN) is 
considered to be the pathological substrate of the classical motor symptoms in Parkinson’s 
disease (PD) (1). Another pathological feature is the presence of cytoplasmic inclusions, termed 

Lewy bodies (LB), and abnormal neuritic depositions, termed Lewy neurites (LN) in selectively 
vulnerable brain regions. The main component of these inclusions is the presynaptic protein 
α-synuclein (2). Converging information from genetic, neuropathological and animal studies in the 
last decade have provided evidence for a central role of aberrant α-synuclein in the pathogenesis of 
PD and related disorders. Abundant α-synuclein neuronal inclusions are considered to lead to cellular 
dysfunction; they most likely contribute to cell death (for review: (3)) and even to prion-like spreading 
of PD pathology (4).
According to the neuropathological staging protocol for PD proposed by Braak and colleagues 
(5), α-synuclein pathology spreads in a predictable topographical manner, starting in the lower 
brainstem and olfactory bulb and affecting the limbic and neocortical brain regions in later stages 
of the disease. Recent neuropathological studies in various autopsy cohorts have largely confirmed 
the described distribution pattern of α-synuclein pathology in PD patients and in aged individuals 
without a history of neurological disorders, termed incidental Lewy body disease (iLBD) (6;7). It is 
postulated that the Braak α-synuclein stages reflect disease progression from the premotor phase - in 
which olfactory and autonomic dysfunction and various psychiatric symptoms are prevalent - to the 
motor phase and, finally, the advanced phase of the disease in which dementia is common (5). Recent 
autopsy studies have provided evidence for nigral neurodegeneration in iLBD (8-10), even prior to 
α-synuclein pathology in the SN in iLBD (9). Nigral neuronal loss in PD seems to be very progressive 
during the first years after the onset of motor symptoms and more stable later in the disease (11). 
In end-stage PD, either a stable proportion of LB-bearing neurons (12;13) or a significant correlation 
between the number of neurons and LB in the SN was found (14). However, little is known about 
the temporal relationship between the occurrence of α-synuclein pathology and neurodegeneration 
during disease progression in PD. 
To gain a better understanding of the significance of α-synuclein pathology during disease 
progression in PD, we investigated 1) whether nigral neuronal loss in iLBD and PD is associated with 
the local burden α-synuclein pathology during progression of PD pathology; 2) whether the burden 
and distribution of α-synuclein pathology are related to clinical measures of disease progression in 
PD. In the present study, post-mortem brain tissue of 20 well-characterized iLBD subjects, 24 PD 
patients and 12 age-matched controls were obtained for quantitative histopathological analysis.
 
Methods 

Post-mortem human brain tissue
Paraffin-embedded and snap-frozen post-mortem brain tissue was obtained from donors recruited 
by the Netherlands Brain Bank and department of Pathology of the VU University Medical Center 
(Amsterdam, The Netherlands). All donors had given written informed consent for brain autopsy and 
use of brain tissue and for accessing neuropathological and clinical information for scientific research, 
in compliance with ethical and legal guidelines. All donors were neuropathologically evaluated by 
experts (AJMR, WK, WvB) and classified for neurofibrillary tangles stage 0-VI (15), amyloid-b plaques 
score 0-C (16) and Braak α-synuclein 0-6 stages (5).
In this study, 20 iLBD, 24 clinically diagnosed and pathologically confirmed PD donors and 12 age-
matched controls without neurological or psychiatric disorders were included. Donors with Braak 
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α-synuclein stages 4-6 but no record of clinical symptoms were excluded from the study. Only 
sporadic PD patients with an age of onset > 45 years of age were included. We included cases with 
medical records that contained yearly reports of clinical developments. All patients were examined 
by a neurologist and, in many cases, by a psychiatrist or neuropsychologist during the course of their 
disease. All donors with clinical symptoms of DLB were excluded. The diagnosis of the DLB patients 
was based on retrospective evaluation of the clinical information and were distinguished from PDD 
with the one-year-rule, stating that in DLB cognitive disturbances precede or follow within one year 
after the onset of motor symptoms (17). The clinical and neuropathological characteristics of all 
donors are shown in supplementary table 2.1. 

Nigral neuronal density 
Serial 20-mm-thick paraffin transverse sections or 40-mm-thick frozen sections obtained from 
a single block at the level of the oculomotor nerve were collected, yielding an average of 7-8 
sections per donor. The SN was delineated based on anatomical landmarks in Nissl-stained sections 
using the coordinates of the atlas of the Human Brainstem (18) using a 25x UplanApo objective 
using a computer-assisted morphometry system with StereoInvestigator software version 9.0 
(MicroBrightfield Inc., Colchester, VT). Previous research has proven the validity of neuromelanin in 
the SN as a marker for dopaminergic neurons (19). With increasing age, there is, however, a down 
regulation of dopamine and several neuromelanin-containing neurons no longer express dopamine 
(20). As our groups were age-matched, the effect of the dopaminergic down regulation as an effect of 
age should be comparable in all groups.  Estimates of the number of nigral neurons were made using 
the optical fractionator method (21) with a 40x objective. To prevent experimenter bias, all sections 
were coded. The following sampling parameters were used: section sampling fraction (ssf) = 1/10 for 
frozen and 1/12 for paraffin-embedded tissue, height of the dissector = 10 μm, guard height = 2μm, 
counting frame area = 10,000 μm2 and area sampling fraction (asf) = 0.06 μm2. The average predicted 
coefficient of error was 0.05 for the control group, 0.06 for the iLBD and 0.15 for the PD group (0.06 
for all groups). In addition, the test-retest variability was 0.09 (AD, ET). The mean estimated thickness 
of the paraffin and frozen sections was respectively 17.1 , sd ± 1.1  and 14.9, sd ± 2.4  μm. The neuronal 
density per mm3 was obtained using the estimated number of neurons and the measured volume of 
the SN in each individual donor. 

Assessment of nigral α-synuclein pathology 
α-Synuclein aggregates were quantified in three serial sections of the left SN at the level caudal of 
the oculomotor nerve (9;22), using the optical fractionator workflow. Three morphological types 
of α-synuclein aggregates were counted using a 40x objective: a) neurons with intracytoplasmic 
immunostaining consisting of LBs, diffuse or granular staining, b) extracellular aggregates (diameter 
> 5 μm) and c) LNs. The following sampling parameters were used: ssf = 1/12, height of the dissector 
= 10 μm, guard height = 2μm, counting frame area = 10,000μm2 and asf = 0.083 μm2. The inter-rater 
variability was 0.11 (AD,ET). The densities were obtained using the estimated number of aggregates 
and the measured volume. Total α-synuclein burden was defined as the sum of the densities of the 
intracytoplasmic aggregates, extracellular aggregates, and LNs.

Disease duration
The interval between the year in which motor symptoms were first reported and the year of death 
were used to calculate disease duration. A Hoehn & Yahr (H&Y) score was estimated from clinical 
descriptions referring to bilateral involvement, postural instability, use of walking devices or 
wheelchair or confinement to bed (23). 
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Statistical analysis
For statistical analysis, SPSS version 15.01 for Windows was used. As the progression of the disease is 
non-linear (14) and the pathological groups were regarded as independent phenotypes, differences 
in neuronal density between the Braak α-synuclein stages were tested using a one-way analysis 
of variance (ANCOVA), with age as a covariate, on the condition that assumptions for conducting 
an ANCOVA were met. Bonferroni post-hoc test was used to examine the differences in neuronal 
density between the various stages. In addition, we used a Bonferroni post-hoc test to investigate the 
difference in neuronal density between Braak α-synuclein 1-2 and controls. We used a Kruskal-Wallis 
test for group comparisons including gender, and amyloid- and plaque score. Differences between 
age of death per group, and H&Y stage compared to neuronal density were evaluated with a t-test 
or ANOVA. 
To investigate the relationship between neuronal density and the different types of α-synuclein 
aggregates, total burden of α-synuclein pathology, Braak α-synuclein staging and disease duration, 
a Spearman’s rank correlation coefficient was determined. We considered the outcome statistically 
significant if p<0.05.
 
Results

Study population
In this study, 20 iLBD, 24 PD donors and 12 healthy controls were included. There was no significant 
difference in the mean age at death between groups (p=0.21), but a higher mean Braak amyloid-b 
score was observed in the PD patients (range 0-C; p=0.02) compared to iLBD and controls. The mean 
age of disease onset was 67.9 (sd±10.5) years and the mean disease duration 13.6 (sd±7.2) years. Of 
the PD patients, 36% was demented and the median estimated H&Y stage was 5.0 (range 4.0-5.0) at 
the time of death (table 1).

Table 1. Clinical and pathological characteristics of all donors included in the present study.

Control (n=12) iLBD (n=20) PD (n=24) p-value

Gender

         male, n (%) 7 (58%) 6 (30%) 15 (63%) 0.06b

         female, n (%) 5 (42%) 14 (70%) 9 (37%)

Age of onset (SD) NA NA 67.9 (10.5)

PD duration (SD) NA NA 13.6 (7.2)

Estimated H&Y, median 
(range)

NA NA 5.0 (4.0-5.0)

Demented, n (%) NA NA 8 (36%)

Age at death, y (SD) 76.6 (7.8) 81.6 (9.8) 81.5 (7.2) 0.21a

Tangle score, median 
(range)

1 (0-2) 1.5 (0-3) 1.0 (0-2) 0.98b

 Amyloid-b score, median 
(range)

0 (0-B) A (0-B) B (0-C) 0.02b

a-synuclein score, median 
(range)

0 (0) 2 (1-3) 5 (3-6)

Abbreviations: iLBD: incidental Lewy body disease; PD=Parkinson’s disease; H&Y= Hoehn & Yahr. aANOVA; 
bKruskal-Wallis
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Nigral neuronal density in iLBD and PD compared to controls
Nigral neuronal loss was observed in iLBD subjects and PD patients compared to controls (F(2)=50.01, 
p<0.01; figure 1). The estimated nigral neuronal density ranged from 4280 to 8396 cells per mm3 in 
controls (mean=6214, sd=1322), 2620 to 7245 cells per mm3 in iLBD donors (mean=5015, sd=1205) 
and 1491 to 4712 cells per mm3 in PD donors (mean=2771, sd=786;28%). Between the groups, no 
difference in measured surface of the SN (F(2)=1.3, p=0.28) was found. Furthermore, we found no 
effect of gender on nigral neuronal density within the groups. 

A large heterogeneity was observed in nigral neuronal density among donors in controls (sd=21% 
of mean), iLBD (sd=24% of mean) and in PD patients (sd=28% of mean), as previously described by 
others (9). Nigral neuronal density was 20% lower in iLBD donors compared to controls (p=0.01). In 
PD patients, neuronal density was 45% decreased compared to iLBD subjects (p<0.001) and 56% 
compared to controls (p<0.001). 

Nigral neuronal density across Braak α-synuclein stages 0-6
Although the ANCOVA suggested that neuronal density differed significantly between individual 
Braak α-synuclein stages (F(7)=15.45, p<0.001; figure 2), Bonferroni post-hoc testing revealed that 
the progression from Braak a-synuclein stage 3 to 4 was only associated with a significant decline 
in neuronal density (-46%, p=0.003). No significant differences were observed between the other 
consecutive Braak α-synuclein stages in iLBD or PD (p>0.05). There was a negative correlation 
between the nigral neuronal density and Braak α-synuclein stages (ρ=-0.78; p<0.001). 
To investigate whether nigral neuronal loss precedes the local appearance of α-synuclein pathology 
(9), we compared neuronal density in Braak α-synuclein stage 1-2 to neuronal density in controls. 
Neuronal density was 12% lower in Braak α-synuclein stage 1-2 compared to controls (12%; p =0.03).

Figure 1. A) Delineation of the SN. B-D) 180x 
magnification in (B) control, (C) iLBD and (D) 
PD. Location is illustrated by square in A. 
Bar=50 μm. (E) Number of neurons per mm3 
in the SN in controls, iLBD, and PD. 
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Association between neuronal density and local burden of α-synuclein pathology in SN of iLBD and PD 
donors
Intracytoplasmic α-synuclein aggregates, extracellular α-synuclein aggregates and LNs were observed 
in the SN of all subjects with Braak α-synuclein stage 3-6 (figure 3). A steep increase was observed 
in the density of extracellular aggregates and LNs in the SN from Braak 3 to 6, which correlated 
negatively with the decrease in neuronal density (extracellular aggregates: ρ =-0.63, p=0.002; LNs: ρ 
=-0.50 p=0.02). The density of intracytoplasmic aggregates did not correlate with the nigral neuronal 
density (ρ=-0.23, p=0.31). A significant negative correlation between total SN α-synuclein burden 
and nigral neuronal density was observed in Braak α-synuclein stages 3-6 (ρ=-0.54, p=0.01; figure 4). 
Additionally, total SN α-synuclein burden correlated with the Braak α-synuclein stages 3-6 (ρ=0.50, 
p=0.02).

Figure 3. A-C) Different morphological 
types of α-synuclein-immunoreactive 
aggregates observed in the SN: (A) 
intracytoplasmic aggregates, (B) 
extracellular aggregates, and (C) Lewy 
neurite. Bar=10 μm. (D) Estimated 
number of α-synuclein aggregates per 
mm2 observed in the SN for each Braak 
α-synuclein stage.

Figure 2. Number of  neurons per mm 3 in the SN in the Braak α-synuclein stages ranging from 0-6. 
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Relationships between disease duration and topographical distribution pattern and local pathology 
burden in PD
In the PD patients with Braak stages 3-6, disease duration was highly variable (see for details 
supplementary table 2.1). No correlation was observed between neuronal density and disease 
duration in the PD patients (ρ=-0.23, p=0.28), or between total α-synuclein burden and disease 
duration (ρ=0.19, p=0.49). Furthermore, no correlation was found between Braak α-synuclein stage 
and disease duration (ρ=0.11, p=0.61). The PD patients in our autopsy cohort had a limited range in 
estimated H&Y stages (range 4-5). No difference was observed in neuronal density between H&Y 
stage 4 (mean=2674, sd±299) and stage 5 (mean=2605, sd ±214; p=0.85). 
  

Discussion

In the present study, we show that nigral neuronal loss is associated with LNs, extracellular aggregates 
and total burden of α-synuclein pathology during pathological progression in PD. We confirm that 
nigral neuronal loss is present in iLBD subjects with Braak α-synuclein 1-3 compared to age-matched 
controls (8;9) and occurs prior to the presence of α-synuclein aggregates in this region, as shown by 
Milber et al (9). A steep decrease in neuronal density was observed between Braak α-synuclein stage 
3 and Braak stage 4, whereas differences between other consecutive Braak synuclein stages in iLBD 
or in PD were less pronounced. No relationship between the local burden of α-synuclein pathology or 
Braak α-synuclein stages, and disease duration was observed in PD.
In the present study, we used stringent inclusion and exclusion criteria for selecting controls, iLBD and 
PD donors based on clinical diagnosis and comprehensive pathological assessment. iLBD subjects 
and PD patients in which the distribution pattern of α-synuclein pathology was atypical at autopsy 
(5) were excluded as well as donors with concomitant pathology. The rationale for this was that these 
donors with atypical pathology may represent preclinical DLB (5;24) and that concomitant pathology 
may affect disease progression in PD (25). As we only included tangle score 0-III, neurofibrillary 
degeneration in the SN is highly unlikely. Due to the retrospective nature of this study, we were not 
able to obtain the entire SN for stereological analysis. Consequently, we were not able to take into 
account the x-y-z shrinkage or the caudal-to-rostral topological differences in the distribution of the 
neurons. 

In the present study, we observed a 20% neuronal loss in iLBD donors compared to controls. Our 
results are in accordance with previous reports on nigral neuronal loss in iLBD subjects and strengthens 
the idea that iLBD represents the premotor phase of PD. Interestingly, a recent large autopsy study 
showed that nigral neuronal loss and α-synuclein pathology is associated with global parkinsonism 
in elderly (26). Moreover, nigral neuronal loss was already observed in iLBD subjects with Braak 
α-synuclein stage 1-2 compared to controls. Our results complement the recently published data 

Figure 4. Relationship between 
neuronal  density and total burden 
of α-synuclein pathology in the SN 
in all Braak α-synuclein stages. Data 
points represent mean neuronal 
density relative to control (%), or mean 
α-synuclein burden relative to Braak 
stage 6 (%).
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by Milber et al. (9) illustrating that nigral neuronal loss and diminished tyrosine hydroxylase (TH) 
immunoreactivity in remaining neurons may precede the appearance of local α-synuclein pathology. 
These results cast doubt on the pathogenetic role of local α-synuclein aggregates and suggest that 
other mechanisms, or yet undetected conformations of α-synuclein, determine nigral neuronal fate 
during early (premotor) disease stages. 
Our results show that severe neuronal loss occurs between Braak α-synuclein stages 3 and 4 but not 
across other consecutive Braak α-synuclein stages in iLBD or in PD. This suggests that the disease 
progression is not linear but rather negatively exponential, as previously suggested by others (11;14). 
However, conclusions concerning the temporal relationship between nigral neuronal loss and Braak 
α-synuclein stages in iLBD and PD have to be drawn with caution as the timeline of disease progression 
is yet unknown and seems to be highly variable among patients (23;25). In support of our finding, a 
SPECT imaging study has provided evidence for a slow initial deterioration followed by an accelerated 
decrease of striatal dopamine binding in PD with increasing disease duration and UPDRS (27;28). 
Taken together, the results of our autopsy study and the above-mentioned clinicopathological and 
imaging observations provide support for a pre-motor period with limited nigral neuronal loss that is 
followed by a steep decline in neuronal density associated with the appearance of motor symptoms.
In the SN, the total burden of α-synuclein pathology, LNs and extracellular aggregates, but not 
intracellular, correlated negatively with the neuronal density in Braak α-synuclein stage 3-6. The 
extracellular aggregates in the SN mostly likely reflect localized deposits or presynaptic α-synuclein 
aggregates (29), whereas the LNs represent innervating axons that accumulate α-synuclein pathology 
(9). Our results are in line with previous studies showing a correlation is observed in total burden 
of pathology and neuronal loss (9). The discrepancy regarding an observed association between 
intracellular aggregates and neuronal number might be explained by massive decline in neuronal 
density in Braak stages 3 compared to 4, which compromises the intracellular counts. Other studies 
(12-14) have mainly focused on end-stage PD patients, where the nigral neuronal loss is considered 
to be stable (11). Additionally, Kovacs et al. (22) found a significant correlation between the burden 
of nigral α-synuclein pathology and dopamine transporter (DAT) immunoreactivity in the striatum. 
These findings suggest that the severity of neurodegeneration and local burden of total α-synuclein 
pathology are closely coupled during disease progression in PD.
Several autopsy studies have reported a correlation between the severity of neuronal loss and disease 
duration in both PDD and DLB (30;31). In the present study, we found no relationship between 
nigral neuronal density, local SN α-synuclein burden or Braak staging on the one hand, and disease 
duration on the other hand. Conclusions from our data regarding disease duration and PD pathology, 
however, have to be drawn with caution since the variability in disease duration was substantial and 
the number of PD patients in our study was fairly low. In addition, the steep decline of nigral neuronal 
loss in the first decade of motor symptoms in PD suggests a non-linear progression of nigral neuronal 
loss in PD patients (11). To gain more insight into the relationship between nigral pathology and 
clinical measures of disease progression in PD, larger studies are necessary in which all donors agreed 
to annual assessment of parkinsonism and extensive evaluation of non-motor symptoms during life. 

In conclusion, our findings cast doubt on the pathogenetic role of α-synuclein aggregates in elderly, 
as nigral neuronal loss was present in iLBD prior to the local appearance of α-synuclein aggregates. 
In addition, our findings suggest that nigral neuronal loss in the pre-motor phase of PD is limited 
but followed by a steep decline associated with the appearance of motor symptoms. The neuronal 
density correlated negatively with the local burden of α-synuclein pathology in the SN, suggesting 
that the severity of neuronal loss and local burden of α-synuclein pathology are closely coupled 
during disease progression in PD. 
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Supplementary data

Supplementary table 2.1. Detailed clinical and neuropathological characteristics of all donors.

NBB
Clinical 
diagnosis

Pathological 
diagnosis

Braak 
stage 
(T,A,S)

Gender 
(M/F)

 Age 
(years)

PMD 
(hrs)

Disease 
duration 
(yr)

2006-037 Control Control 0,0,0 m 66 7:45

2000-031 Control Control 2,b,0 f 77 9:15

2000-032 Control Control 1,a,0 f 78 6:30

2003-002 Control Control 1,0,0 m 60 7:44

1990-038 Control Control 0,-,0 f 83 8:00

VUPATH C Control Control 1,0,0 m 81 <10:00

2007-082 Control Control 2,0,0 m 81 7:55

2006-080 Control Control 2,b,0 f 89 6:24

1993-015 Control Control 1,a,0 m 75 4:15

1997-143 Control Control 1,b,0 m 79 6:00

1998-126 Control Control 2,0,0 m 71 6:00

1999-052 Control Control 2,b,0 f 79 5:30

1997-088 Control iLBD 0,-,1 f 80 6:30

2001-069 Control iLBD 1,a,1 f 68 5:45

VUPATH IC1 Control iLBD 0,0,1 m 79 <10:00

2006-008 Delirant iLBD 2,a,1 f 85 4:40

2005-060 Control iLBD 1,b,1 m 91 8:00

VUPATH IC3 Control iLBD 2,b,1 f 93 <10:00

VUPATH IC2 Control iLBD 0,b,1 f 78 <10:00

2005-049 Control iLBD 2,-,2 f 86 6:25

2008-027 Control iLBD 1,a,2 f 80 6:58

2007-075 Control iLBD 2,0,2 f 82 5:10

1998-021 Control iLBD 2,-,2 m 56 5:00

2007-014 Control iLBD 2,b,2 m 86 4:00

2002-037 Control iLBD 3,b,2 f 91 7:05

2004-033 Control iLBD 1,0,3 f 82 7:00

2005-063 Control iLBD 2,0,3 f 93 4:00

2004-049 Control iLBD 1,a,3 f 77 8:20

2005-014 Control iLBD 3,b,3 f 86 6:25

2006-003 Control iLBD 2,0,3 m 98 10:47

2010-013 Control ILBD 0,0,3 m 70 6:15

2009-095 Control iLBD 1,a.3 f 71 7:40

2005-080 PD PD 1,a,3 m 73 6:35 7

2009-079 PDDEM PDDEM 1,b,3 f 90 4:50 5

2009-056 PDDEM PDDEM 1,0,4 m 74 6:45 24
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NBB
Clinical 
diagnosis

Pathological 
diagnosis

Braak 
stage 
(T,A,S)

Gender 
(M/F)

 Age 
(years)

PMD 
(hrs)

Disease 
duration 
(yr)

2001-122 PD PD 1,0,4 m 86 5:35 26

2009-044 PDDEM PDDEM 2,c,4 f 85 7:10 11

2009-045 PD PD 1,a,4 f 59 9:35 19

2009-002 PD PD 1,a,4 m 83 4:50 18

2005-069 PD PD 1,0,4 m 77 8:05 13

2002-022 PD PD 2,b,4 m 84 5:10 8

2006-030 PD PDDEM 1,c,5 f 80 5:15 12

2006-040 PDDEM PDDEM 0,0,5 f 81 6:05 5

2002-012 PD PD 1,a,5 m 85 8:31 7

2008-007 PD PD 1,b,5 f 96 7:10 7

2006-062 PD PD 1,b,5 m 87 3:40 21

2006-002 PD PD 2,b,5 f 84 7:25 17

2002-022 PD PD 2,b,5 m 84 5:10 8

2004-033 PDDEM PDDEM 1,a,5 m 73 5:35 4

2007-031 PD PD 1,0,6 m 61 7:35 15

2008-080 PD PD 1,b,6 m 80 6:35 25

2005-045 PDDEM PDDEM 2,b,6 f 87 5:25 15

2008-089 PD PDDEM 1,0,6 m 84 9:00 24

2007-090 PD PDDEM 2,b,6 f 70 7:05 23

2007-008 PDDEM PD 1,b,6 m 80 7:05 6

2005-077 PDDEM PDDEM 1,b,6 m 83 5:15 5

T=tangle; A=amyloid beta; S=alpha-synuclein; M/F=male/female; PMD=post-mortem delay; 
NBB=Netherlands Brain Bank; VUPATH=Department of pathology VU; PD=Parkinson’s disease; 
iLBD=incidental Lewy body disease; PDDEM=Parkinson with dementia
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