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Abstract Whereas the prevalence and impact of vascular
pathology in Alzheimer diease (AD) are well established,
the role of vascular and Alzheimer pathologies in the pro-
gression of neurodegeneration and cognitive impairment in
Parkinson disease (PD) is under discussion. A retrospective
clinico-pathologic study of 100 patients with autopsy
proven PD (including 44 cases with dementia/PDD) and 20
cases of dementia with Lewy bodies (DLB) confirmed
essential clinical (duration of illness, Mini-Mental State
Examination/MMSE, age at death) and morphologic differ-
ences between these groups; Lewy body Braak scores and
Alzheimer pathologies (neuritic Braak stage, cortical Af
plaque load, and generalized cerebral amyloid angiopathy
or CAA) were significantly higher/more severe in DLB and
PDD than in PD without dementia. Duration of illness
showed no association to any of the examined pathologic
parameters, while there was a moderate association
between LB scores and neuritic Braak stages, the latter
significantly increasing with age. Significant association
between cerebrovascular lesions and neuritic Braak stage
was seen in PDD but not in PD subjects without dementia.
These data suggest an influence of Alzheimer-related
lesions on the progression of the neurodegenerative process
and, in particular, on cognitive decline in both PDD and
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DLB. On the other hand, both these factors in PD and DLB
appear to be largely independent from coexistent vascular
pathology, except in cases with severe cerebrovascular
lesions or those related to neuritic AD pathology. Assess-
ment of ApoE genotype in a small number of cases showed
no significant differences in the severity of Af plaque load
and CAA except for much lower intensities in non-
demented £3/3 patients. Despite increasing evidence sug-
gesting synergistic reactions between a-synuclein (xSyn),
tau and A ff-peptides, the major protein markers of both AD
and Lewy body diseases, and of both vascular pathology
and AD, the molecular background and pathophysiological
impact of these pathologies on the progression of neurode-
generation and development of cognitive decline in PD
await further elucidation.

Keywords Lewy body disease - Alzheimer-related
pathology - Cerebrovascular lesions - Clinico-pathologic
relations - Parkinson disease with dementia

Introduction

Cerebrovascular lesions (CVL) and Alzheimer-related
pathology occur frequently in aging brain and coexist with
Parkinson disease (PD) [42, 49, 52, 71, 72, 86]. They may
be associated with the risk of PD [93] and show synergis-
tic effects on the development of parkinsonism [40, 65], its
progression and severity [49, 81], and on cognitive decline
in PD patients [16, 31, 52], due to molecular and patho-
genic interactions between these pathologies [20, 21, 24—
26, 28, 38, 50, 63, 68, 75, 83, 89, 90, 99, 100]. More than
one-third of patients with PD and dementia (PDD) display
considerable superimposed, neuritic Alzheimer disease
(AD) pathology corresponding to Braak and Braak [10]
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stages 4-6 [48]. A large retrospective study of 617
autopsy-proven cases of PD (Lewy body disease of brain-
stem type [73]) showed a significantly higher frequency of
CVLs than in 535 age-matched controls (44.0 vs. 32.8%)
that was only slightly lower than in AD [42]. In DLB, the
total frequency of vascular pathology (35%) was almost
equal to that in controls and lower than in both PD and AD
[41, 42]. On the other hand, cerebrovascular risk factors
and small CVLs were not associated with incident demen-
tia in PD except in rare cases with additional subcortical
arteriosclerotic encephalopathy (SAE) [40, 65] or mixed
dementia (PD + SAE) [35, 40, 48], and the concomitant
presence of white matter lesions in patients with PDD had
no significant effect on cortical acetyl cholinesterase
(AChE) activity [66]. The links between AD and cerebro-
vascular pathology [6, 18, 44, 103], the association
between cognitive impairment and cerebral amyloid angi-
opathy (CAA) present in up to 100% of AD brains [30, 47,
95], and the influence of AD pathology on the severity and
topographic distribution of CAA have been discussed
extensively [4, 5]. Similarly, the clinical phenotypes and
neuropathology of AD and PD may overlap [5, 22, 24, 33,
50, 67]. Previous autopsy studies reported significantly
higher frequency of CAA in PDD than in those without
dementia [9, 70] and in DLB with, than without, concomi-
tant AD [101]. A recent autopsy study in PDD cases
showed significantly higher neuritic Braak stages (mean
4.2 vs. 2.4; P<0.01), higher cortical amyloid load and
generalized CAA than in PD without dementia (mean
grade 1.7 vs. 0.22, P < 0.001), and intermediate changes in
DLB (mean Braak score 5.36; mean CAA grade 1.3) sug-
gesting an association of CAA with cognitive decline in
both PDD and DLB, particularly in cases with concomi-
tant AD-type pathology [52].

Whereas the prevalence and impact of cerebrovascular
pathology in both AD [42, 43, 44, 49, 50]) and PD are well
established [41, 49], their contribution to the progression of
parkinsonian neurodegeneration and the development of
cognitive decline is not well understood.

The present study compares the prevalence of vascular
and Alzheimer pathologies in a retrospective series of
autopsy-proven PD, PDD, and DLB cases, their interrela-
tionship and impact on disease duration, progression of the
neurodegenerative disorder, and development of cognitive
decline in Lewy body disease (LBD).

Materials and methods
A consecutive series of 120 patients from the files of the
Vienna Neurobiology brain bank (1997-2006) with neuro-

pathologically confirmed PD (LBD of the brainstem type)
and DLB (according to current morphological criteria [42,
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74]) were evaluated. The clinical data were assessed retro-
spectively from hospital charts with respect to major clini-
cal symptoms (bradykinesia, rigidity, tremor, posture/gait
disorder), the duration of parkinsonian symptoms (available
in 100 patients), and the severity of cognitive impairment
(moderate to severe dementia with Mini-Mental State
Examination (MMSE) < 20). A total of 56 patients were
classified as PD without dementia, 44 as PDD, and 20 as
DLB. Unfortunately, the duration of dementia was not
available in the majority of patients and, therefore, could
not be calculated.

Neuropathological assessment was performed according
to standardized methods. In 110 cases, both hemispheres
fixed in 10% buffered formalin were available for histologi-
cal examination, while in ten cases only the left hemisphere
was formalin fixed and available for histology (the other
hemisphere was deep frozen). Paraffin-embedded blocks
from multiple brain regions (frontal, temporal, parietal and
occipital cortex, limbic system with hippocampus, amyg-
dala and (trans)entorhinal cortex, basal ganglia, brainstem
and cerebellum) were examined using routine stains, modi-
fied Bielschowsky impregnation, and immunohistochemis-
try for tau protein (antibody AT-8, Innogenetics, Ghent,
Belgium), f-amyloid (clone 4G8, Signet Labs, Dedham,
MA, USA), and a-synuclein («Syn) (monoclonal and poly-
clonal rabbit antibodies, Chemicon, Temecula, CA, USA
and Hofheim, Germany). Each brain was staged for the
degree of Lewy body (LB) pathology according to the
scheme of Braak et al. [11, 12], for established postmortem
criteria for AD, including Braak staging [10, 14], and
according to the modified consortium on DLB criteria for
the pathological diagnosis of DLB [74]. The Af plaque
density in frontal and temporal cortex was assessed semi-
quantitatively and blinded to the clinical and pathological
diagnosis by means of both Bielschowsky stain and Af
immunohistochemistry using four separate scores (0
absence of diffuse Aff plaques, 1+ sparse diffuse plaques,
2+ moderate numbers of diffuse and/or cored/dense
plaques, 3+ frequent plaques), similar to a recent study
[58]. The classification of cerebrovascular pathology is
given in Table 1 (for methods and classification also see
[41-43, 49]). The severity of generalized CAA was semi-
quantitatively assessed similar to the method described by
Olichney et al. [80] (see also [3]).

ApoE genotypes were examined in 14 PD (including
6 PDD), 6 DLB cases, and 47 age-matched controls from
deparaffinized cerebellar blocks using polymerase chain
reaction (PCR) by enzyme digestions [7].

The statistical method applied for analyzing the associa-
tions between neuropathologic and metric (duration of
illness, age, etc.) parameters was the non-parametric Krus-
kal-Wallis (K-W) test, while the Chi-square test was used
for comparing ApoE genotypes.
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Table 1 Classification of cerebrovascular pathology

0 No cerebrovascular lesions (CVLs) detected by macroscopic and histologic examination

1+ Minimal CVLs

One or two small Lacunes in basal ganglia, mild to moderate CAA without

CVLs or with mild lacunar state; mild white matter lesions

2+ Moderate CVLs

>2 Lacunas, severe CAA without or with mild CVLs, e.g., mild to moderate

lacunar state and/or white matter lesions

3+ Severe CVLs

Old infarcts, multiple old microinfarcts or hemorrhages, hippocampal sclerosis,

subcortical arteriosclerotic (leuko)encephalopathy (SAE) or multi-infarct encephalopathy (MIE)

Results

A summary of clinical and neuropathological data is given
in Table 2.

PD without dementia

A total of 56 patients (30 female, 26 male), aged 59-
91 years (mean 81.8 &+ 6.4 SD) at death, met the clinical
criteria for sporadic PD without dementia. The duration of
illness was 4-30 years (mean 12.2 4 6.6 SD) (n = 40). The
final MMSE was 20-29 (mean 24.7 & 3.2 SD). Brain
weight was 857-1,500 g (mean 1,203 + 123). At autopsy,
PD Braak scores were 3 (n=7),4 (n=34),5 (n=15), and
none with stage 6 (mean 4.1 £ 1.2 SD; Fig. 1). Neuritic
Braak stages were 0-2 (n =30), 3 (n = 16), 4 (n = 10), and
none with Braak stages 5 or 6 (mean 2.2 + 0.4 SD; Fig. 2).
Cortical A plaque load was absent in 25, mild in 8, moder-
ate in 10, and severe in 13 cases (mean 1.2; Fig. 3). Gener-
alized CAA was absent in 48, and mild and moderate in
four cases each (mean 0.21; Fig. 4). CVLs were absent in
34, mild in 15, moderate in 2, and severe in 5 brains (mean
0.68; Fig. 5). ApoE genotypes were ¢3/3 in all examined
eight cases, associated with cortical plaque levels ranging
from O to 3+ (in only one single case; mean 1.5) and gener-
alized CAA 0 to 2+ (Fig. 6).
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Fig.1 Lewy body Braak scores in PD (total), PD without dementia,
PDD, and DLB. K-W test: ** P < (.05, * P <0.01

The only significant association was an increase of neu-
ritic Braak stage with age (K-W test, P < 0.05), while it
was not associated with CVLs.

PDD

A total of 44 patients (25 female, 19 male), aged between
73 and 96 years (mean 84.2 + 6.5 SD) at death, met the

Table 2 Summary of epidemiologic and morphologic data [range (mean £ SD)]

(n: Total; female, male) PD no dementia

PDD (44; 27, 17)

DLB (205 10, 10) P (Kruskal-Wallis test)

(56; 30, 26)
Age at death (years) 59-81 (81.8 £ 6.4) A 73-96 (84.2 £ 6.5)
MMSE 20-29 (24.7 + 3.2) 0-20 (15.0 £2.2)*
Duration of illness 4-30 (12.2 + 6.6) 9-16 (6.8 £ 1.1)*
Brain weight 857-1,400 (1,203) 830-1,400 (1,123)
LB Braak stage 3-54.1+1.2) 3-5(4.5+£0.63)
Neuritic Braak stage 0-52.2+04) 3-514.2 £0.4)*
Cortical Af plaque load 0-4 (1.25) 0-4 (2.1)

General CAA
CVLs

0-2 (0.2 £ 0.02)
0-3 (0.68 £ 0.1)

0-3 (1.3 £0.3)*
0-3(1.32 £0.2)*

65-96 (80.1 + 4.8) A P<0.01 vs. PDD and

P <0.05 vs. DLB
* P <0.01 vs. PD no dem.
* P <0.01 vs. PD no dem.
* P <0.05vs. PDD
* P <0.01 vs. PD no dem.
* P <0.01 vs. PD no dem.

¥ P <0.01 vs. PD no dem. and
P <0.05 vs. PDD

* P <0.01 vs. PD no dem.
* P<0.01 vs. PD no dem.

0-18 (13.5 £ 3.1)*
4-7 (6.5 + 1.3)*
1,000-1,500 (1,223)*
5-6 (536 £ 0.8)*
0-6 (3.8 & 0.3)*
04(3.0£02)%

0-3 (1.3 £ 0.1)*
0-2 (1.1)*
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Fig. 2 Neuritic Braak stages in PD (total), PD without dementia,
PDD, and DLB. K-W test: ** P < (.05, * P <0.01
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Fig. 3 Cortical Af plaque score in PD (total), PD without dementia,
PDD, and DLB. K-W test: ** P < (.05, * P <0.01
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Fig. 4 General CAA score in PD (total), PD without dementia, PDD,

and DLB. K-W test: ** P < 0.05, * P <0.01
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Cerebrovascular lesions

Fig. 5 Cerebrovascular lesions in PD (total), PD without dementia,
PDD, and DLB. K-W test: ** P <0.05, * P < 0.01
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Fig. 6 General CAA in cases with different ApoE genotypes (n = 20).
Chi-square test: ** P < 0.01

clinical criteria of sporadic PD with dementia (PDD), ini-
tially presenting with motor signs and symptoms, followed
by gait disorders and within 4-8 years by cognitive impair-
ment, disorientation, hallucinations, paranoid symptoms,
and finally, moderate to severe dementia with MMSE
scores (around 6 months prior to death) between O and
20 (mean 15 £ 2.2 SD), being lower than in PD with
no dementia. Unfortunately, the duration of dementia was
not available in most patients. Duration of illness was
6-19 years (mean 6.6 2.1 SD) (n=40). Brain weight
(n =26) was 830-1,400 g (mean 1,123), which was signifi-
cantly lower than in PD-no dementia cases (P < 0.01). At
autopsy, LB Braak stages were 3 (n=2), 4 (n=17), 5
(n=24), and 6 (n=1) with a mean of 4.5+ 0.3 SD
(Fig. 1). Neuritic Braak stages ranged from 3 (n = 10) and 4
(n=18)to 5 (n=16) (mean 4.2 + 0.4 SD; Fig. 2). Cortical
Ap plaque load (mean 2.1; Fig. 3) was absent in six, mild in
seven, moderate and severe in 22 cases, thus being higher
than in the former group. Generalized CAA was absent in
12, mild to moderate in ten and 14, respectively, and severe
in eight brains (mean 1.32 + 0.2 SD; Fig. 4). CVLs were
absent in seven, mild in 22, moderate in nine and severe in
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six brains (mean 1.32 &+ 0.3 SD; Fig. 5). There was a sig-
nificant association between neuritic Braak scores and
CVLs (K-W test, P < 0.01) but not between duration of ill-
ness or LB Braak scores and any other pathologic lesions.

In summary, PDD patients were significantly older at
death, had a shorter duration of illness, and a lower final
MMSE score. At autopsy, brain weight was lower, and
there was more severe AD pathology (higher Braak stages,
more severe cortical Aff plaque load and CAA), but only
slightly higher LB Braak scores that did not correlate with
neuritic Braak stages.

ApoE genotypes were ¢3/3 in six and ¢2/3 in one PDD
cases, showing cortical Af levels from 0 to 3+ (mean 1.8),
generalized CAA negative in two, mild to moderate in
three, and severe in only one brain (Fig. 6).

DLB

A total of 20 cases (ten male and female each), aged 65 to
96 years (mean 80.1 & 4.8 SD) at death, met the morpho-
logical criteria of DLB [74]. Duration of illness was 4
to 7.5 years (mean 6.5 + 1.3 SD) (n =20). Most patients
initially presented with parkinsonian motor signs and
symptoms, followed within about 12 months or later by
cognitive and psychiatric disorders, with final MMSE
scores between 0 and 18 (mean 13.5 4 3.1 SD), whereas
four patients initially presented with cognitive impairment,
frontal lobe syndrome, disorientation, depression, delusion,
visual hallucinations, after variable periods followed by
parkinsonian symptoms.

Brain weight (n = 14) was 1,000-1,500 g (mean 1,223).
Neuropathology revealed PD Braak scores of 5 (n=11)
and 6 (n =9) with a mean of 5.36 & 0.8 SD (Fig. 1), while
neuritic Braak stages were 0-2 (n=2),3 (n=3),4 (n=4)
and 5 or 6 (n=11), with a mean of 3.8 & 0.3 SD (Fig. 2).
Thus, 15 cases corresponded to diffuse DLB without defi-
nite AD-type pathology, and five (25%) to the LB variant
of AD (LBV/AD or DLB + AD [19, 33, 34, 101]). Af
plaques were absent in frontal and temporal cortex in one
single brain (with progressed neocortical LB stage 6), mod-
erate in two, all the others showing severe Af plaque load
(stage 4 according to [92]) (mean 3.0 £ 0.2 SD; Fig. 3),
which, except in two cases with low Braak stages, corre-
lated well with neuritic Braak stages (not shown). CAA
was absent in seven brains, five of which were with severe
cortical Af; load, mild to moderate in eight and severe in
five brains, either in the occipital meninges or generalized
(mean 1.3 £ 0.1 SD; Fig. 4). CVLs, except for moderate to
severe forms of generalized CAA (see above), were moder-
ate lacunar state in basal ganglia in two brains (mean 1.1;
Fig. 5). There was significant association between neuritic
Braak stages and LB Braak scores and between both and
generalized CAA but not other CVLs (K-W test, P < 0.01).

Thus, DLB patients showed similar duration of illness as
PDD, higher LB Braak scores than the two other groups,
and similar neuritic Braak scores as PDD, but higher Af
plaque load than both of the other two groups.

ApoE genotypes were ¢3/3 in two and ¢2/3 in another
case of DLB without AD, with cortical plaque levels of 2+
and &3/4 in three cases of LBV/AD or DLB + AD (neuritic
Braak stages 5 and 6), with cortical Af plaque levels of 2+
to 3+ (mean 2.5), one negative and two with severe general-
ized CAA (mean 2.0; Fig. 6).

Discussion

The present study confirmed previously reported differ-
ences between PD patients with and without dementia and
DLB: PDD patients were significantly older at death and
had a shorter duration of illness [36, 45]. Neuropathology
revealed significantly more severe AD-type pathology
(both neuritic Braak stages and cortical Af plaque load),
and generalized CAA, while the LB pathology scores [11]
were only moderately increased in PDD brains (28% with
score 5 and 6 vs. 17% with score 5; see Table 2). There was
a significant increase of neuritic Braak stages with age, but
no association between duration of illness and any of the
evaluated pathologic parameters. However, there was a
relationship between neuritic Braak stages and CVLs, and a
moderate one between LB scores and neuritic Braak stage.
These data indicate that superimposed AD-pathology in PD
increases with age and is significantly more severe in PDD
patients than in those without dementia, around two-thirds
of them showing severe cortical Af plaque load (Table 2).
On the other hand, recent longitudinal studies in PD, trying
to correlate the pattern of levodopa response and the sever-
ity of LB distribution and other pathologies, did not show
essential differences in age, duration, and manifestations of
end-stage disease, suggesting that various parameters may
govern the clinical and pathologic progression of PD, and
that “age causes the disease process to gather pace” [56].
Moderate increase in the incidence of progressed LB scores
in PDD versus PD in this cohort did not confirm findings,
indicating that cognitive decline correlates with neuropa-
thologic LB stage in PD, i.e., the risk of developing demen-
tia increases with disease progression [13, 14], but the
precise mechanisms that initiate ASyn aggregation and
subsequently influence the propagation of the disease
are poorly understood [11, 59]. By contrast, the present
data indicate an association between cognitive decline and
progressing AD pathology [45].

DLB patients in our cohort showed a similar duration of
illness but decreased age at death than the PDD group. LB
Braak scores were significantly higher than in both PD and
PDD brains (5.36 vs. 4.1 and 4.2, respectively; P < 0.01);
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and neuritic Braak scores were similar to those in PDD but
higher than in PD without dementia (mean 3.8 vs. 4.2 and
2.2, respectively; P <0.01). Cortical Af plaque load in
DLB brain was higher than in both PDD and PD; general
CAA was similar to PDD, but significantly more severe
than in PD without dementia (mean 1.4 and 1.5 vs. 0.6,
respectively), while CVLs were similar to non-demented
PD and less severe than in PDD (Table 2).

On the other hand, there is a positive association between
LB score and neuritic Braak stage, suggesting an interaction
between both pathologies, in particular between aSyn and
tau (for review see [25, 27, 99]). The presence of aSyn-pos-
itive lesions in 7-71% of sporadic and familial AD even in
the absence of subcortical LBs [2, 32, 68, 84, 97, 98], with
involvement of other brain areas [12, 42, 46, 82, 88], the co-
localization of tau and aSyn epitopes in LBs [38, 39], as
well as clinical, biochemical, and morphological overlap
between sporadic PD, DLB, and AD with and without LBs
in the amygdala [98], suggest that the process of LB forma-
tion is triggered, at least in part, by AD pathology [38, 89].
This collision of two processes may occur in the same brain
region or even within a single cell in the human brain [2, 37,
38, 68, 90] and in transgenic mice [64]. Upregulation of the
PD-associated protein DJ-1 (PARK?7) in tau neuronal and
glial inclusions in AD and various other neurodegenerative
disorders [57, 78], and the association between dopaminer-
gic neuronal degeneration, accumulation of «Syn and tau or
both proteins in LRRK2 mutations [1, 29, 102], induction of
hyperphosphorylation of tau by «Syn in the MPTP model of
parkinsonism [23], and the association of atypical protein
kinase C (aPKC) and phospho-tau or «Syn in fibrillary tan-
gles and LBs [91] as well as the in vitro promotion of tau
aggregation by aSyn and vice versa [28], highlight the inter-
face between the two proteins [25, 27]. The frequent rela-
tionship between the intensity of both LB and AD lesions
suggests that both pathologies independently or synergisti-
cally contribute to both movement disorders and cognitive
impairment or may have common origin with mutual trig-
gering, but their pathogenic relationship and clinical impact
need further clarification. Inflammatory mechanisms com-
mon in AD as well as in LB disease may also be driving
processes in both disorders and explain the frequent overlap
between these diseases [76, 87].

Others have suggested that amyloid rather than tau leads
to increased frequency of aSyn pathology, since the latter
has been shown to increase with higher density of neuritic
plaques [75] and that Aff enhanced the development of
aSyn pathology in PD [83]. Recent studies demonstrated a
strong association between Aff plaque burden and cortical
Lewy body density or «Syn load in LB diseases [83] or at
least in a subset of PD patients [58]. Further support for this
hypothesis comes from the studies in transgenic mice that
developed enhanced oSyn (or tau) pathology when they
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were engineered to also deposit f§ amyloid [60, 69]. Interac-
tions between Aff and «Syn may be a molecular mechanism
in overlapping pathology of AD and PD in DLB [63]. How-
ever, it is unclear whether there is a common underlying
pathologic mechanism inducing both neurodegeneration
and fibrillary protein aggregation that are typical of two or
more different disease processes (double or triple amyloido-
sis), or if these lesions represent a common final pathology
leading to neuronal degeneration.

In the present cohort, significant associations between
cortical Af plaque load, general CAA, and neuritic Braak
stages were observed, but there was no definite interrelation
between these pathologies except for an increase of AD-
related pathology with age.

A comparison of major clinical and AD-related morpho-
logic changes in a series of 117 autopsy cases of LB-related
disorders, AD (without other pathologies), and age-
matched controls is given in Table 3. The age at death and
the duration of illness did not significantly differ among the
groups except for non-demented patients. MMSE scores
were lowest in AD and DLB with associated severe AD
(LBV/AD), non-significantly higher in PDD, much higher
in DLB without severe AD, similar in non-demented PD
subjects, and highest in aged controls. Neuritic Braak
stages, being highest in AD and LBV/AD, similar in PDD
and DLB (without AD), and lowest in non-demented
PD patients and controls, correlated well with the level
of cognitive impairment. These data also correlate with
progressive hippocampal atrophy detected by functional
neuroimaging showing a volume pattern PD > PDD > AD
[17], with significant amygdalar and hippocampal atrophy
in PDD [54], and with MRI studies displaying significant
differences in the pattern of brain atrophy between PD,
PDD, AD, and controls [15, 77]. A significantly increased
plaque load in the cerebral cortex in PDD and DLB com-
pared to PD without dementia is in agreement with previ-
ous studies [8, 53, 70], although some authors did not find
any correlation between the cortical Af load and cognitive
impairment in DLB in contrast to AD and vascular demen-
tia [94]. Others observed cortical Af deposition in only less
than half of the cases of PD and CERAD criteria of definite
AD only in 3 out of 13 examined PD brains [72], whereas
Af-42 plaque levels in AD were not associated with aSyn
aggregation [62]. Furthermore, a lack of aSyn increased Af
plaque accumulation in a transgenic mouse model of AD
[55]. While brains of non-demented PD subjects showed
either very little or only very rarely severe cortical Af load,
almost all DLB cases had a large amount of Af3-42 deposi-
tion that was similar in quality and quantity to that seen in
AD [20]. The known protein interactions between tau and
aSyn [25] are associated with loss of synaptophysin immu-
noreactivity in DLB, which is, however, less severe than in
AD [61].
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Table 3 Major clinical and LBV/AD  DDLB PDD (+AD) AD (n=30) PD non-dem. Controls
Alzheimer-related changes in (n = 26) (n=31) (n=11) (n=13) (n=T7)
Lewy body-related disorders, _ _ _ _ _
Alzheimer disease, and age- Age (years) 798+49 760+6.1 77.1+51 79.0+53 743454 777432
matched controls
Sex (M/F) 8/18 9/22 3/8 25/5 5/8 5/2
Duration (years) 5.9 £2.3 744+25 73+32 6.8 £3.1 9.5+42 -
MMSE (n=12/8) 2.0+ 1.0 151 4+£52 49432 05+0 247+ 1.0 28.0 £ 0.5
Brain weight (g) 1,182 £ 112 1,206 £92 1,188 +86 1,081 £48 1,246 + 51 1,337 £ 118
CERAD
fgvﬁ?fmer iisgases , 0 0 19 1 0 11 7
ewy body variant
of Alzheimer disease, DDLB A 0 9 3 0 1 0
diffuse dementia with Lewy B 11 3 3 1 0
bodies, PD Parkinson disease, C 15 0 4 29 0 0
gfnllz i?;kmson disease with Braak stage 476402 261403 41405 55402 21403 13402

A significant increase of Aff load in meningeal and corti-
cal vessels (CAA) in both PDD and DLB cases compared
to non-demented PD patients in the present series is also in
agreement with previous studies. Mastaglia etal. [70]
found deposition of Af in meningeal and cortical blood
vessels in 38% of PD brains (without evaluation of cogni-
tive state) compared to 25% in age-matched controls. Wu
etal. [101] reported CAA in leptomeningeal vessels in
100% of AD, 58% of DLB without coexistent AD, but in
85% of DLB + AD as compared to 50% in age-matched
controls. A recent study of 18 PD cases, 12 of which were
with PDD, reported neuritic AD-type pathology to be
restricted to limbic structures, while CAA was significantly
more frequent in PDD than in non-demented PD subjects.
An identical immunoreactivity of vascular and parenchy-
mal Aff deposits indicating similar pathomechanisms in
both types of lesion, and an association between CAA and
intellectual decline in PD, particularly in cases with con-
comitant AD-type pathology, were suggested [9].

The prevalence of CVLs ranging from 44 to 58% in non-
demented PD subjects ([42]; present cohort) to 94% in
PDD cases in the present cohort was significantly higher
than in age-matched controls (32.8%), and only slightly
lower than in AD [43, 44], while in DLB it ranged from
34.4 [41] to 40%, and thus, was less frequent than in the
other disorders. Acute ischemic strokes or hemorrhages,
accounting for 4.1% of PD subjects in a previous study
[42], were totally absent in the present cohort. There was no
association between CVLs and neuritic Braak or LB scores
in the group of non-demented PD subjects, whereas it was
seen in the PDD group, the latter, however, also showing
correlations with increasing age. On the other hand, no rela-
tionship between the presence/severity of coexistent CVLs
and the duration of illness was seen in this small cohort of
PD patients. While the influence of CVLs on AD-associ-
ated pathology and related cognitive decline is well docu-
mented, the impact of CVLs on the progression of

neurodegeneration in PD remains unclear, although several
studies imply an association between CAA with cognitive
decline in both PDD and DLB, particularly in cases with
concomitant AD-type pathology [52].

In contrast to other studies showing increasing severity
of CAA in carriers of ApoE ¢2/4 and ¢4/4 than of £3/3 and
e2/3 alleles [51, 79, 85, 96], our data on ApoE genotype in a
limited number of PD and DLB patients did not show sig-
nificant differences in the severity of generalized CAA,
except for a very low intensity of both lesions in non-
demented ¢3/3 subjects. The cortical Af plaque load of the
whole sample had mean levels of 1.6 for €3/3, 2.0 for £2/3,
and 2.5 for £2/4 (two cases each), confirming previous stud-
ies reporting that mean cortical Af plaque density was
lower in €3/3 than in €2 and &4 cases [62]. Further studies of
ApoE genotypes in PD, PDD, and DLB patients are in pro-
gress. In conclusion, this and other recent studies suggested
synergistic reactions between «Syn and Af} peptide as well
as aSyn and tau with frequent co-occurrence of these
pathologies, but both the molecular background and clini-
cal/pathophysiological impact of these and cerebrovascular
pathologies on the progression and development of cogni-
tive impairment in LB disorders remain to be clarified.
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